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GRAS EXEMPTION CLAIM 

A. Name and Address of Notifier 

Baolingbao Biology Co., Ltd. hereby notifies the Food and Drug Administration that the use of 
erythritol produced via the fermentation of glucose by Yarrowia lipolytica (Y. lipolytica)1 
described below is exempt from the pre-market approval requirements of the Federal Food, 
Drug, and Cosmetic Act because Baolingbao Biology Co., Ltd has determined that such use is 
generally recognized as safe (GRAS) through scientific procedures. 

May 12, 2011 

Echo Q. Bao
	

Date 
Strategic Marketing Manager 
Baolingbao Biology Co., Ltd. 

B. Name of GRAS Substance 

The name of the substance that is the subject of this GRAS determination is erythritol produced 
via the fermentation of glucose by Y. lipolytica. Erythritol (C4H 1004; CAS No. 149-32-6), or 
1,2,3,4-Butanetetrol, is a naturally occurring 4-carbon sugar alcohol. 

C. Intended Use and Consumer Exposure 

Erythritol produced via the fermentation of glucose by Y. lipolytica that is the subject of this 
GRAS determination is intended for use as a flavor enhancer, formulation aid, humectant, 
nutritive sweetener, stabilizer and thickener, sequestrant, and texturizer in select categories of 
food. The maximum proposed uses of erythritol by weight percent in each food category are 
shown in Table 1 below. 

' The yeast Yarrowia lipolytica was previously classified as Candida hpolytica. 
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Table 1. Proposed Uses of Erythritol (% by weight) 

Food Category
Maximum 

Level of Use 
•	 Reduced- and low-calorie carbonated and noncarbonated beverages 
•	 Dairy drinks (chocolate and flavored milks)

3.5% 

•	 Frozen dairy desserts (regular ice cream, soft serve, sorbet) 
•	 Puddings (instants, phosphate set) 
•	 Yogurt (regular and frozen)

10% 

•	 Bakery fillings (fruit, custard, cream, pudding) 
•	 Cakes and cookies (regular and dietetic)

15% 

•	 Fat-based cream used in modified fat/calorie cookies, cakes and 
pastries 

•	 Chewing gum 
•	 Soft candies (non-chocolate, plain chocolate, chocolate coated)

60% 

•	 Hard candies (including pressed candy, mints, and cough drops) 99% 

•	 Sugar substitutes (carrier) 100%

D. Basis for GRAS Determination 

Baolingbao Biology Co., Ltd.'s GRAS determination for the intended uses of erythritol produced 
via the fermentation of glucose by Y. lipolytica is based on scientific procedures as described 
under 21 CFR§ 170.30(b). 

The intended uses of erythritol produced via the fermentation of glucose by Y lipolytica have 
been determined to be safe, and have also been determined to be GRAS by demonstrating that 
safety of intake under the proposed conditions of use is based on knowledge and information that 
is both publicly available and widely accepted by experts qualified by scientific training and 
experience to evaluate the safety of substances added to food. 

The use of erythritol produced by fermenting glucose using Moniliella pollinis (M pollinis) and 
Trichosporonoides megachiliensis (T megachiliensis) in select categories of food was previously 
determined to be GRAS by Cerestar Holding Co. B.V. and Mitsubishi Chemical Corp., 
respectively. FDA was notified of the GRAS determinations in 2001 and 2006 (filed as GRN 76 
and GRN 208, respectively) and in response to each notification, FDA responded that they had 
no questions regarding the GRAS determination. As part of these GRAS determinations, the per 
user mean and 90th percentile intakes of erythritol from all intended uses were estimated to be 
13 and 30 g/day, respectively. The intended uses of erythritol produced from Y lipolytica are 
identical to the existing GRAS uses of erythritol produced from M pollinis or T. megachiliensis 
as shown in Table 1 above. The functions of erythritol produced from M pollinis or T 
megachiliensis in food are identical to the functions of erythritol produced via the fermentation 
of glucose by Y. lipolytica. Erythritol produced via the fermentation of glucose by Y lipolytica 
therefore provides an alternate organism for the production of erythritol to be used for existing 
GRAS uses in the food supply. 
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The safety of erythritol produced from the source organism Y lipolytica for use as an ingredient 
in food was determined both from an evaluation of the safety of Y lipolytica used to produce the 
erythritol, and an evaluation of the safety of erythritol itself under the intended conditions of use. 
The key findings from this evaluation are as follows: 

• Y. hpolytica is an organism with a history of use for the production of food ingredients. 
For example, FDA has approved Y. lipolytica for use in the production of citric acid. 
FDA recently indicated that the agency had no concerns regarding the GRAS 
determination of the use of modified Y. lipolytica for use in the production of 
eicosapentaenoic acid (EPA)-containing oil for use in food. The organism also is used in 
the production of food flavors. The organism is non-pathogenic in the generally healthy 
population, though recently the organism has been identified as an emerging 
opportunistic pathogen in compromised individuals with vascular catheters. However, no 
reports implicating Y. hpolytica as a pathogen in healthy individuals were identified in 
searches of the literature, and no evidence of toxicogenic or pathogenic potential from the 
use of Y. lipolytica in the production of food ingredients was identified in the literature. 

• The microorganism used to produce the erythritol is Y. hPolytica, strain CGMCC No. 
1431. The specific strain of Y. lipolytica used in the production of erythritol is 
maintained using methods suitable for maintenance of yeasts used in the production of 
food ingredients. Following the fermentation step in the production of erythritol from Y. 
lipolytica, the fermentation solution is filtered through a membrane to remove microbial 
cells. The final product therefore does not contain any Y lipolytica. 

• Erythritol produced from Y. lipolytica is a minimum of 99.5% pure erythritol. The 
erythritol produced from Y. hpolytica complies with specifications for purity and identity 
of erythritol set forth in the Food Chemicals Codex, Sixth Edition, as does erythritol 
produced by M pollinis or T megachiliensis. A chromatographic comparison of 
erythritol produced from Y. lipolytica with an erythritol standard indicates that the two 
products are chemically substantially equivalent. Consequently, food grade erythritol 
produced from glucose by fermentation with Y. hpolytica is indistinguishable from other 
GRAS food grade erythritol products, namely erythritol produced from glucose by 
fermentation with either M pollinis or T. megachiliensis. 

• Using widely known and accepted guidelines developed to evaluate the safety of 
microbial enzyme preparations for use in food processing, Y hpolytica was determined to 
be appropriate for use in the production of erythritol intended for use as a component in 
food. 

• The safety of erythritol itself for use as an ingredient in food has been extensively 
reviewed and evaluated. The previous GRAS determinations of the use of erythritol in 
foods as noted above were based on published results of acute, subacute, and chronic oral 
toxicity studies in rats, mice, and dogs and studies conducted to assess the potential 
carcinogenicity, reproductive and developmental effects, genotoxicity, metabolic fate, 
and human tolerance. 

• The previous GRAS determinations made by Expert Panels were supported by safety 
evaluations of erythritol conducted by the WHO/FAO Joint Expert Committee on Food 
Additives (JECFA) and the Scientific Committee on Food (SCF) of the European Union. 
JECFA evaluated erythritol produced from glucose or sucrose by fermentation with either 

pollinis or T. megachiliensis and assigned it an Acceptable Daily Intake (ADI) "not
specified" for use as a sweetening agent. An ADI "not specified" is applicable to a food 
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substance of very low toxicity which, on the basis of the available data (chemical, 
biochemical, toxicological, and other), the total dietary intake of the substance arising 
from its use at the levels necessary to achieve the desired effect and from its acceptable 
background in food does not, in the opinion of JECFA, represent a hazard to health. In 
2003, the SCF reviewed available data on erythritol and concluded that the use of 
erythritol as a food additive is acceptable. Consistent with the Committee's earlier 
opinion on other polyols, a numerical ADI for erythritol was not established. 

• Findings from a review of the recent published literature continue to support the previous 
assessment of the safety of these uses of erythritol. 

The intended uses of erythritol produced via the fermentation of glucose by Y lipolytica were 
determined to be safe and GRAS based on the chemical equivalency of the erythritol produced 
via the fermentation of glucose by Y. lipolytica and the erythritol produced by other organisms, 
the nontoxicogenicity and nonpathogenicity of the Y. lipolytica source organism, and on the 
demonstrated safety of erythritol in animals and in humans. 

Determination of the safety and GRAS status of erythritol produced via the fermentation of 
glucose by Y. lipolytica for the direct addition to food under its intended conditions of use was 
made through the deliberation of an Expert Panel consisting of Joseph F. Borzelleca, PhD, and 
Michael W. Pariza, PhD, who reviewed a dossier prepared by Exponent as well as other 
information available to them. These individuals are qualified by scientific training and 
experience to evaluate the safety of food and food ingredients. They individually and 
collectively critically evaluated published and unpublished data and information pertinent to the 
safety of erythritol produced via the fermentation of glucose by Y lipolytica, and unanimously 
concluded that the uses in select foods of the proposed erythritol product, produced consistent 
with cGMP and meeting appropriate food-grade specifications described above, are safe. It is 
the Expert Panel's opinion that other qualified scientists reviewing the same publicly available 
data and information would reach the same conclusion. Therefore, erythritol produced via the 
fermentation of glucose by Y. lipolytica is GRAS by scientific procedures under the conditions of 
use described. 

E. Availability of Information 

The data and information that serve as the basis for this GRAS determination, as well as the 
information that has become available since the GRAS determination, will be sent to the FDA 
upon request, or are available for the FDA's review and copying at reasonable times from 
Exponent, 1150 Connecticut Ave, NW, Suite 1100, Washington, DC 20036, telephone 202-772- 
4953; and email: mmurphy@exponent.com.  
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Description of Substance 

Identity 

The subject of this GRAS determination is erythritol produced via the fermentation of glucose by 
Yarrowia lipolytica. The yeast was previously categorized as Candida lipolytica and continues 
to be referred to this name in some literature. 

Chemical and Common Names 

The chemical name for erythritol is 1,2,3,4-Butanetetrol, and common names include meso-
erythritol, tetrahydroxybutane, and erythrite. 

Chemical Abstracts Service (CAS) Registry Number 

The CAS Registry Number for erythritol (meso-erythritol) is 149-32-6. 

Molecular Weight and Empirical and Structural Formulas 

The molecular weight of erythritol is 122.12, and its empirical formula is C4H1004. The 
structural formula of erythritol is shown in Figure 1. 

OH 

HO	z. 

t-)H

OH 

Figure 1. Structural Formula of Erythritol
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Production Process 

Erythritol is produced through fermentation of glucose catalyzed by the yeast Y. lipolytica. 
Following the fermentation, the resulting erythritol is purified through a series of filtration, 
concentration, and crystallization procedures. The production process of erythritol is described 
below, and a detailed production process flow chart is provided in Appendix A. 

Fermentation 

The fermentation step begins with sterilization of the fermentation tank by steam. Glucose, yeast 
extract, KH2PO4, a defoamer, magnesium sulfate, and ammonium citrate (aqueous ammonia + 
citrate) are transferred to the fermentation tank via continuous sterilization equipment and Y. 
lipolytica is transferred into the tank under aseptic conditions. Conversion of glucose to 
erythritol by Y. lipolytica occurs through an aerobic fermentation process. Throughout the 
fermentation, the temperature in the tank is maintained between 25 and 37°C. 

Purification 

Following the fermentation step, the fermentation solution is filtered through a membrane to 
completely remove microbial cells. The microorganisms captured in the membrane filtration are 
killed in a heat treatment step (80°C for 30 minutes). The resulting clear solution from the 
filtration step is concentrated under reduced pressure to a concentration of 40-60%. Through 
cooling the solution, the erythritol is crystallized. The erythritol crystals are then separated from 
the crystal-containing slurry via centrifugation. Activated carbon is added to the redissolved 
solution for decolorization, and the solution is demineralized using ion-exchange resins. The 
resulting liquid is then concentrated via a second concentration step followed by vacuum 
concentration and recrystallization. Erythritol crystals are separated from the crystal-containing 
slurry via centrifugation and solid erythritol is obtained. A vibrating fluidized bed dryer is then 
used to dry the crystals, and a mesh screen is used to obtain crystals of the desired particle size. 
A magnetic separator is employed to ensure that no metal fragments are present in the erythritol 
crystals. The final erythritol product is packaged in bags. 

Product specifications for ingredients and components used in the production of the erythritol 
were provided in Chinese and translated to English; certification of the translation is provided in 
Appendix B. Product specifications for ingredients and components used in the production of 
the erythritol, both in Chinese and English, are shown in Appendix C. All materials used are 
documented as approved for food use; this documentation is provided in Appendix D. 
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Product Specifications 

The product specifications for erythritol produced via the fermentation of glucose by Y. lipolytica 
are shown in Table 2.

Table 2. Erythritol Specifications 

Parameter Value 
Sensory 

Appearance White crystalline powder 
Odor Odorless 
Taste Sweet and produces cooling 

sensation upon consumption 
Physical and Chemical 

pH 5.0 — 7.0 
Melting point 119 — 123°C 
Assay 99.5 — 100.5% 
Loss on drying Max 0.2% 
Lead Max 0.1 ppm 
Reducing sugars Max 0.3% 
Residue on ignition Max 0.1% 
Ribitol and glycerol Max 0.1% 

Microbiological 
Count of bacteria Max 500 cfu/g 
Yeast and mold Max 50 cfu/g 
Coliforms Max 10 MPN/g 
E. coli Max 3 MPN/g

MPN = most probable number 

Product characterization data from five representative, non-consecutive production lots of 
erythritol produced via the fermentation of glucose by Y. lipolytica are shown in Appendix E. 
All of the tested parameters were consistent with the product specifications. The methods of 
analysis also are summarized in Appendix E. 

The Food Chemicals Codex, Sixth Edition (FCC 6, U.S. Pharmacopeia 2008) includes a 
monograph for erythritol obtained from the fermentation broth of the yeast Moniliella pollinis or 
Trichosporonoides megachiliensis. The FFC 6 erythritol monograph includes acceptance criteria 
for the erythritol assay, loss on drying, lead, reducing sugars (as glucose), residue on ignition, 
and ribitol and glycerol parameters to ensure the purity and identity of erythritol; with the 
exception of lead, the FCC 6 acceptance criteria for these parameters are identical to the 
specifications identified in Table 2. As shown in Table 2, the lead specification for erythritol 
manufactured by Baolingbao Biology Co., Ltd. is 0.1 parts per million @pm). This limit is 10- 
fold lower than that specified in the Food Chemicals Codex (1 ppm). The FCC 6 monograph for 
erythritol, which includes methods of analysis for each parameter, is provided in Appendix F. 
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Comparison with Erythritol Standard 

Based on the assay detailed in the FFC 6 erythritol monograph, Baolingbao Biology Co., Ltd. 
conducted a high performance liquid chromatography analysis of erythritol produced via the 
fermentation of glucose by Y. lipolytica and also an erythritol standard as defined in the 
monograph. Results of the comparison with the reference standard indicate that the erythritol 
produced via the fermentation of glucose by Y. lipolytica is chemically substantially equivalent 
to the standard. The complete report is provided in Appendix G. The report was originally 
written in Chinese and subsequently translated to English; certification of the translation is 
provided in Appendix B. 
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Production Microorganism: Yarrowia lipolytica 

Identity of the Production Microorganism 

The microorganism used to produce the erythritol is Yarrowia lipolytica, strain CGMCC No. 
1431.2 This strain of Y lipolytica was obtained from Y. lipolytica strain No. 1675 of the China 
Center of Industrial Culture Collection (CICC), originally obtained from a vegetable source in 
China, following a combination of common physical and chemical methods to induce mutations 
resulting in high yield production of erythritol. Specifically, Y. lipolytica CICC No. 1675 was 
exposed to 15w ultra-violet (UV) light for approximately 20-40 minutes and also treated with 
approximately 100-200 ppm nitrosoguanidine for 30-40 minutes; both of these treatments 
occurred at room temperature. The rapidly growing mutant strains were then isolated from high 
osmotic pressure culture medium containing 30% xylitol and 5% glucose and the selected strains 
were used to ferment in a culture medium containing 40% glucose as the primary carbon source. 
Selection of the high yield mutant strain of Y. lipolytica was made based on production of 
erythritol from the glucose solution. The selected strain was designated Y. lipolytica CGMCC 
No. 1431. This strain was deposited in the China General Microbiological Culture Collection 
Center located within The Institute of Microbiology, Chinese Academy of Sciences in Bejing, 
China. 

Strain identification testing on the isolated strain Y. lipolytica CGMCC No. 1431 has been 
completed. Morphological characterization of the organism indicates that the culture is pure; 
colonies are cream colored, and butyrous to membranous. Vegetative cells are ellipsoidal to 
elongate and multilateral budding. Pseudohyphae and true hyphae are present. Results from a 
comparison of the internal transcribed spacer (ITS) region sequence of strain CGMCC No. 1431 
indicate that it is identical to the sequence of strain Y. lipolytica ATCC Number 9773. ATCC 
Number 9773 is identified as Yarrowia lipolytica (Wickerham et al.) van der Walt et von Arx, 
teleomorph deposited as Mycoderma lipolytica. The alternate state of the organism is identified 
as Y. lipolytica (Harrison) Diddens et Lodder, anamorph. The identification report form of Y. 
lipolytica, strain CGMCC No. 1431, is shown in Appendix H. The report was originally written 
in Chinese and subsequently translated to English; certification of the translation is provided in 
Appendix B. ATCC's description of ATCC Number 9773 is also included in Appendix H. 

Maintenance of the Production Organism 

Baolingbao Biology Co., Ltd. obtained Yarrowia lipolytica CGMCC No. 1431 from a supplier 
for use in production of erythritol. The strain has been maintained at Baolingbao Biology Co., 
Ltd. since 2003 via a subculture method. Culturing components include glucose, yeast extract, 
and agar powder. The agar slant medium is inoculated and the culture is stored at a temperature 
of 4 to 6°C. One subculture is performed each 3 to 6 months. Identification of the strain is 
based on characteristics including a maximum colony size of approximately 1 to 2 mm, and an 
initially smooth colony surface, though the appearance is rugose after extended culture. When 

2 The yeast was identified in the China Center of Industrial Culture Collection (the source of the yeast) as Candida 
lipolytica, the original classification of Yarrowia lipolytica. 
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grown in a liquid or solid medium, the yeast cells are spheroidal or ellipsoidal, or alternatively, 
they may be elongated like pseudohyphal growth with a dimension of approximately 4 to 6 um x 
6 to 8 um. 

Safety of Yarrowia lipolytica Used to Produce Erythritol 

A comprehensive search of the publicly available literature for information pertaining to the 
safety of Y lipolytica for use in the production of erythritol was conducted. Databases that were 
searched include PubMed and Toxline; searches were conducted through March 2011. The 
information search also included review of reference texts and on-line reference sources. The 
identified information is reviewed below. 

Characteristics of Yarrowia lipolytica 

The yeast Yarrowia lipolytica was originally classified as Candida since no sexual state had been 
described (Barth and Gaillardin 1997). Following the identification of the perfect form (sexual 
stage), it was reclassified first as Endomycopsis lipolytica, then as Saccharomycopsis lipolytica 
and finally as Yarrowia lipolytica (Barth and Gaillardin 1997). The species name "Yarrowia 
lipolytica" refers to the extensive capacity this fungus has to degrade n-paraffins and oils 
(Bankar et al. 2009). The organism is referred to as both Yarrowia lipolytica and Candida 
lipolytica in the literature. 

Y lipolytica is a hemiascomycetous yeast in the family Dipodascaceae (Fickers et al. 2005) in 
the order Saccharomycetales (Bankar et al. 2009). Y. lipolytica is the only known taxon in the 
teleomorph genus Yarrowia and has its anamorph in the genus Candida as Candida lipolytica (F. 
C. Harrison) Diddens & Lodder (Kurtzman and Fell 1998, as cited in Knutsen et al. 2007). Y. 
hpolytica is an obligate aerobe (Fickers et al. 2005) with a maximum growth temperature in the 
range of 33 to 37°C (Hazen and Howell 2007). It is heterothallic and dimorphic, as depending 
on growing conditions, Y. lipolytica can form either yeast cells or hyphae and pseudohyphae 
(Madzak et al. 2004). Carbon sources for the yeast include glucose, alcohols, acetate, and 
hydrophobic substances including fatty acids and alkanes; Y. lipolytica does not use sucrose as a 
carbon source (Barth and Gaillardin 1997). 

Analysis of the genome sequence of Y. lipolytica revealed that it is comprised of approximately 
20.5 Mb DNA organized in 6 chromosomes (Dujon et al. 2004). Y. lipolytica is very distantly 
related to other yeasts, and instead shares a number of common properties with filamentous fungi 
(Dujon et al. 2004). 

History of Use 

Y. lipolytica is isolated from foods (Barth and Gaillardin 1997) and natural environments 
(Bankar et al. 2009). It also has been found in the oral cavity (Bremenkamp et al. 2010) and on 
hand skin (McNeil et al. 1999).
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Y lipolytica has a history of consumption due to its presence in select commonly consumed 
foods. Food products in which the organism has been found typically include products with a 
high concentration of fat and protein such as dairy products, shoyu (soy sauce), poultry products, 
sausage, and salads containing meat or shrimp (Barth and Gaillardin 1997; Fickers et al. 2005; 
Ismail et al. 2000; Jacques and Casaregola 2008; Kumura et al. 2004). Among dairy products, 
cheese may be a particularly concentrated source of Y. lipolytica, as the concentration of the 
organism frequently exceeds 10 6-107 cfu/g in Camembert and blue-veined cheeses (Fickers et al. 
2005). 

There was considerable interest in Y lipolytica in the mid-1960's based on the organism's ability 
to use n-paraffins as a sole source of carbon (Bankar et al. 2009; Barth and Gaillardin 1997). 
Since that time, additional research has been conducted on wild-type and mutant strains, as well 
as genetically manipulated strains of the yeast for a variety of functions (Bankar et al. 2009). In 
addition to use of the organism in basic research, applications of the organism include production 
of aromas such as y-decalactone, intermediate metabolite production (e.g., citric acid and 2- 
ketoglutaric acid), single-cell oil (SCO) production, production of lipid-derived compounds such 
as wax esters, isoprenoid-derived compounds and free hydroxylated fatty acids, in 
bioremediation processes (Barth and Gaillardin 1997; Fickers et al. 2005, Sabirova et al. 2011), 
and in the ripening of cheese (Ferreira and Viljoen 2003). 

Y. lipolytica is permitted as a secondary direct food additive for fermentation production of citric 
acid that may be used in food for human consumption (21 CFR 173.165). Recently use of 
eicosapentaenoic acid (EPA)-containing oil derived from modified Y. lipolytica in certain foods 
was determined to be GRAS based on scientific procedures, provided the combined total intake 
of EPA and DHA does not exceed 3 g/person/day. Du Pont Applied BioSciences submitted a 
GRAS notice to FDA summarizing the intended food uses of the oil and the basis for its GRAS 
determination (du Pont Applied Biosciences 2010). The FDA responded to the submission that 
the agency had no questions about DuPont's GRAS determination (US FDA 2011). 

Safety Data 

Y. lipolytica is described as a non-pathogenic organism in 21 CFR 173.165, the regulation 
permitting its use in the fermentation production of citric acid for human consumption. Y. 
lipolytica ATCC 9773, the strain to which the ITS region sequence of Y. lipolytica CGMCC No. 
1431 was compared and found to be identical is assigned a biosafety level of 1, indicating that it 
is not known to cause disease in healthy adult humans (ATCC 2010). 

Results from testing in animals also have indicated that Y. lipolytica is not pathogenic. In a study 
of untreated or cortisone treated mice inoculated with Y. lipolytica, there was no evidence of 
pathogenicity of the yeast based on the absence of recovery of Y. lipolytica from tissues 
including kidney, brain, heart, liver and spleen on day 6 following inoculation (Holzschu et al. 
1979). Yoshida and Hashimoto (1986) determined Y. lipolytica to be of low pathogenic potential 
based on examination of liver, kidney, and brain tissue of mice 14 days after inoculation with a 
suspension containing 10 7 cfu of washed, living cells. 
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Following these early assessments, researchers recovered Y. hpolytica from a total of six patients 
presenting with persistent fungemia with catheter-associated Candida thrombophlebitis, 
polymicrobial sinusitits, and four cases of tissue colonization (Walsh et al. 1989). The isolate 
that caused clinical fungemia was preserved and groups of two male CD-1 mice were inoculated 
with one of five dilutions (0.1 mL of 104 to 108 CFU solutions) of Y hPolytica via the lateral tail 
vein; a clinical isolate of C. albicans was used as a virulence control. All mice inoculated with 
Y. lipolytica survived the 14 day experimental period. Post-mortem examination of the brain, 
liver, spleen and kidney of each inoculated mouse revealed two abscesses in the left kidney of a 
mouse that received the highest inoculum (10 8 CFU). Based on these findings, the investigators 
concluded that Y. lipolytica is a weak pathogen associated most clearly with vascular catheter-
related fungemia. 

In the more recent literature, Y. lipolytica has been identified as an emerging opportunistic 
pathogen (Hazen and Howell 2007; Lopez-Martinez 2010). Case reports have implicated Y 
hpolytica as a rare pathogen in compromised individuals, including infants with vascular 
catheters (Belet et al. 2006), a catheterized 13-year-old boy with acute lymphoblastic leukemia 
(Ye et al. 2011), a pediatric patient with tubercular meningitis (Agarwal et al. 2008), a patient 
receiving allogenic bone marrow transplantation (D'Antonio et al. 2002), and a patient with 
acute myelogenous leukemia (Chang et al. 2001). Shin and colleagues (2000) reported that Y 
lipolytica infection occurred as a nosocomial cluster in five pediatric patients. Y lipolytica has 
also been isolated from the oral candidal lesions in HIV-positive patients (Tumbarello et al. 
1996), and Y. hpolytica was found in combination with Candida species in infected nails (Segal 
et al. 1996). Surveillance of bloodstream infections of Candida spp. in the U.S. between 1992 
and 2001 indicated that the Y. lipolytica strain was rarely involved in infections, as this strain 
was identified in just 4 out of 3683 (0.1%) tested isolates (Pfaller and Diekman 2004). More 
recently, Pfaller and colleagues (2010) reported that Y. lipolytica accounted for 0.05% of 
Candida isolates collected from patients in 142 different medical centers in 41 countries between 
1997 and 2007. Y. lipolytica has not been associated with disease in healthy humans (Jacques 
and Casaregola 2008), and reports implicating Y. lipolytica as a pathogen in healthy individuals 
were not identified in searches of the more recent literature. 

Pariza and Johnson (2001) developed guidelines that can be used to evaluate the safety of 
microbial enzyme preparations for use in food processing, including the safety of metabolites of 
the production strain. Based on these guidelines, the primary consideration in an evaluation of 
safety of a production strain is the toxigenic potential of the strain. Pathogenic potential 
typically is not a concern, as food enzyme preparations rarely contain viable production 
organisms. Additionally, Pariza and Johnson note that it is important to distinguish between 
pathogenicity and opportunistic infection. When given access to tissue normally protected by the 
host, many microorganisms will produce opportunistic infections. True pathogens, however, are 
able to cross uncompromised host barriers and produce infections in individuals that are 
generally regarded as healthy. 

An analysis of erythritol produced by Y. lipolytica CGMCC No. 1431, using the Pariza-Johnson 
(2001) decision tree, is presented in Appendix I. It is concluded that Y. hpolytica CGMCC No. 
1431 is an appropriate production organism for the manufacture of erythritol intended for use as 
a component in food, because the erythritol product produced using this strain is substantially 
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equivalent to erythritol products already determined to be GRAS (filed as GRN 76 and GRN 
208).
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Historical Consumption and Current Regulated Uses  

Historical Consumption 

Erythritol is a naturally occurring 4-carbon sugar alcohol that has a sweetness of approximately 
60 to 80% that of sucrose (Berndt et al. 1996). It is found in commonly consumed fermented 
foods including cheese, wine, sake, beer, and soy sauce; mushrooms; and some fruits such as 
watermelon, pears, and grapes (Berndt et al. 1996; Sreenath and Venkatesh 2008). Naturally 
occurring concentrations of erythritol in foods are as high as approximately 0.13% (w/v) (Berndt 
et al. 1996). Erythritol also has been found to exist endogenously in tissues and body fluids 
including plasma and urine of humans and animals (Berndt et al. 1996). 

Regulated Uses 

Erythritol has a history of use as a food ingredient in many countries around the world. It is used 
in foods primarily as a low calorie sweetener, though it also provides technical functions in foods 
including flavor enhancer, formulation aid, humectant, stabilizer and thickener, sequestrant, and 
texturizer (Berndt et al. 1996). 

In the United States 

Cerestar Holding Co. B.V., Mitsubishi Chemical Corp., and Nikken Chemicals Co., Ltd., jointly 
filed a petition (GRASP 7G0422) to the U.S. Food and Drug Administration (FDA) proposing to 
affirm that the use of erythritol is generally recognized as safe (GRAS) as an ingredient in human 
food (FR 1997). The GRAS determination was made by a panel of food safety experts (Berndt 
et al. 1996). The proposed applications of erythritol included use as a flavor enhancer, 
formulation aid, humectant, nutritive sweetener, stabilizer and thickener, sequestrant and 
texturizer at maximum levels ranging from 1.5 to 100% in sugar substitutes (100%); hard 
candies (50%); soft candies (40%); reduced- and low-calorie beverages (1.5%); fat-based cream 
for use in cookies, cakes, and pastries (60%); dietetic cookies and wafers (7%); and chewing 
gum (60%) (Berndt et al. 1996). The data and information contained in the petition submitted to 
FDA were developed jointly by the three submitters and pertained to erythritol produced by 
fermenting glucose using either Moniliella pollinis (M pollinis) or Trichosporonoides 
megachiliensis (T megachiliensis). 

In 2000, the same Expert Panel convened and determined that erythritol produced from M 
pollinis and meeting specifications for erythritol as described in the FCC at that time (FCC 4th 
Edition, Second Supplement) was GRAS for use in a slightly expanded list of foods and some 
increased levels of use as compared to uses addressed in GRASP 7G0422, which remained 
pending with FDA at that time. The intended uses addressed in the 2000 GRAS determination 
included expanded or new uses in bakery fillings, reduced- and low-calorie beverages, regular 
cakes and cookies, dairy drinks, frozen dairy desserts, puddings (instant, phosphate set), and 
yogurt. The Expert Panel estimated the mean and 90th percentile per user intakes of erythritot to  
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be 14.1 and 30.8 g/day based on the maximum proposed use of erythritol in all use categories. 
The Expert Panel then applied a market share adjustment and assumed that erythritol would 
replace all xylitol use (20% of total polyol use) and reported projected per user mean and 90th 
percentile intakes of 4.9 and 11.9 g/day, respectively. Additionally, the Expert Panel noted that 
90th percentile intakes by young children ages 1 to 3 years may be in the range of 1 g/kg bw/day. 

FDA was notified of the Expert Panel's GRAS determination. The notification was filed as 
GRN 76 (Cerestar 2001). FDA responded that they had no questions regarding Cerestar's 
conclusion of general recognition of safety (FDA 2001). In the response letter, FDA noted that 
by their own calculations, estimated intake of erythritol under the proposed conditions of use 
would result in per user intakes of 13 g/day at the mean, and 30 g/day at the 90th percentile 
(FDA 2001). In 2006, the Mitsubushi-Kagaku-Foods Corporation notified FDA that erythritol 
produced from T. megachiliensis and meeting specifications for erythritol as described in the 
FCC at that time (FCC 5th Edition) was GRAS for use under the same expanded conditions 
specified in Cerestar's notification (Mitsubushi-Kagaku-Foods Corporation 2006). The 
notification was filed as GRN 208. FDA responded to the Mitsubushi-Kagaku-Foods 
Corporation that they had no questions regarding the GRAS determination (FDA 2007). 

In the United States, erythritol is included among the sugar alcohols that may be the subject of an 
authorized health claim on sugar alcohols and dental caries (21 CFR 101.80). 

Outside the United States 

Erythritol has been used in Japan since 1990 as a component of candies, sugar substitutes, 
chocolates, soft drinks, chewing gum, jellies, jams, and yogurt (Berndt et al. 1996). Erythritol is 
also permitted for use in foods and in beverages in other countries around the world, including 
China, Russia, Canada, Australia, Hong Kong, New Zealand, Brazil, Argentina, Uruguay, 
Mexico, Korea, Thailand, Singapore, Taiwan, Hong Kong, Philippines, Israel, and South Africa 
(EFSA 2010). 

At its fifty-third meeting, the Joint Food and Agriculture Organization/World Health 
Organization (FAO/WHO) Expert Committee on Food Additives (JECFA) evaluated erythritol 
produced from glucose or sucrose by fermentation with either M. pollinis or T. megachiliensis 
and assigned it an Acceptable Daily Intake "not specified" for use as a sweetening agent (JECFA 
2000). JECFA established specifications for erythritol obtained by fermentation of starch 
enzyme hydrolysate by safe and suitable osmophilic yeasts such as M pollinis or T. 
megachiliensis (JECFA 2000). As previously noted, the Food Chemicals Codex also has 
developed standards for the purity and identity of erythritol obtained from the fermentation broth 
of the yeast M pollinis or T megachiliensis (U.S. Pharmacopeia 2008). 

In 2003, the Scientific Committee on Food (SCF) of the European Commission (EC) released 
their opinion in which they concluded that use of erythritol as a food additive is acceptable, and, 
consistent with earlier opinions on polyols, stated that it was inappropriate to establish a 
numerical ADI for erythritol (SCF 2003). In the European Union, erythritol may be used for 
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sweetening purposes like the other permitted polyols, and may be added to foods for purposes 
other than sweetening at quantum status levels as specified in Directive 2006/52/EC (EC 2006). 

Erythritol produced via the fermentation of glucose by Y. lipolytica (produced by Baolingbao 
Biology Co., Ltd.) has been available since 2003. Between 2003 and 2010, over 12 MT of the 
product have been produced and distributed in China, Japan, Korea and Norway. 
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Intended Use and Estimated Intakes 

Intended Use 

The intended uses of erythritol produced from Y. lipolytica are identical to the existing GRAS 
uses of erythritol produced from M pollinis or T megachiliensis (Cerestar 2001; Mitsubushi-
Kagaku-Foods Corporation 2006); these uses are listed in Table 3. The functions of erythritol in 
food include flavor enhancer, formulation aid, humectant, nutritive sweetener, stabilizer and 
thickener, sequestrant, and texturizer. 

Table 3. Intended Uses of Erythritol 

Food Category
Maximum 

Level of Use 
•	 Reduced- and low-calorie carbonated and noncarbonated beverages 
•	 Dairy drinks (chocolate and flavored milks)

3.5% 

•	 Frozen dairy desserts (regular ice cream, soft serve, sorbet) 
•	 Puddings (instants, phosphate set) 
•	 Yogurt (regular and frozen)

10% 

•	 Bakery fillings (fruit, custard, cream, pudding) 
•	 Cakes and cookies (regular and dietetic)

15% 

•	 Fat-based cream used in modified fat/calorie cookies, cakes and 
pastries 

•	 Chewing gum 
•	 Soft candies (non-chocolate, plain chocolate, chocolate coated)

60% 

•	 Hard candies (including pressed candy, mints, and cough drops) 99% 

•	 Sugar substitutes (carrier) 100%

Estimated Daily Intakes 

As noted previously, the estimated daily intake (EDI)per user of all intended uses of erythritol 
previously was calculated by FDA to be 13 g/day at the mean and 30 g/day at the 90th percentile 
(US FDA 2001). These intakes are comparable to the per user mean and 90th percentile 
estimates calculated by Cerestar for the expanded uses (14.1 and 30.8 g/day, respectively). 
Given that the intended uses of erythritol are identical across of sources of the sugar alcohol (i.e., 
produced by fermenting glucose using either Y lipolytica, M pollinis, or T megachiliensis), the 
previously calculated estimates also provide valid estimates of intake of erythritol produced from 
Y. lipolytica. 
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Safety Data 

Introduction 

The safety of erythritol for use as an ingredient in food has been extensively reviewed and 
evaluated. The GRAS status of erythritol for use in a variety of foods, including uses identical to 
the uses proposed for erythritol produced from Y. lipolytica, was previously established. These 
safety determinations are briefly reviewed below. Findings from a review of the published 
literature since the most recent publicly available erythritol safety determination also are 
summarized. 

Safety of Erythritol 

Information Used to Establish GRAS Status of Erythritol from M. pollinis 
and T. megachiliensis 

The safety of erythritol for use as an ingredient in food has been extensively reviewed and 
evaluated. As previously noted, the GRAS status of erythritol for use in a variety of foods was 
established by a panel of qualified food safety experts (Berndt et al. 1996), and subsequently 
GRAS status was established for expanded uses in foods (Cerestar 2001; Mitsubushi-Kagaku-
Foods Corporation 2006). The expanded GRAS applications of erythritol include uses up to the 
specified maximum levels in the following categories of foods: reduced- and low calorie 
carbonated and non-carbonated beverages (3.5%); dairy drinks (chocolate and flavored milks) 
(3.5%); frozen dairy desserts (regular ice cream, soft serve, sorbet) (10%); puddings (instant, 
phosphate set) (10%); yogurt (regular and frozen) (10%); bakery fillings (fruit, custard, cream, 
pudding) (15%); cakes and cookies (regular and dietetic) (15%); fat-based cream used in 
modified fat/calorie cookies, cakes and pastries (60%); chewing gum (60%); soft candies (non-
chocolate, plain chocolate, chocolate coated) (60%); hard candies (including pressed candy, 
mints and cough drops) (99%); and sugar substitutes (carrier) (100%). 

The general recognition of safety for these uses of erythritol in foods was based on a critical 
review of data and information in the published literature. A comprehensive, critical review and 
summary of the biochemical, metabolic, toxicological, and clinical data was published in 1998 
(Munro et al. 1998). As detailed in the published review (Munro et al. 1998) and summarized by 
Cerestar's GRAS Expert Panel (Cerestar 2001), the safety of erythritol for use in foods was 
established based on results of acute, subacute, and chronic oral toxicity studies in rats, mice, and 
dogs. Studies also were conducted to assess the carcinogenic potential of erythritol, 
teratogenicity, reproductive effects, genotoxicity, metabolic fate, and human tolerance. 

Comprehensive safety reviews of erythritol also were conducted by Joint FAO/WHO Expert 
Committee on Food Additives (JECFA 2000) and the Scientific Committee on Food (SCF) of the 
European Union (SCF 2003). Summaries of these publicly available reviews were included in 
the GRAS notifications submitted to FDA for erythritol. 
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Key findings from the published review (Munro et al. 1998) and the notifications to FDA 
(Cerestar 2001, Mitsubushi-Kagaku-Foods Corporation 2006), the JECFA review and the EFSA 
review are summarized below. 

Munro et al. 1998 and GRAS Notifications to FDA (Cerestar 2001, Mitsubushi-Kagaku-
Foods Corporation 2006) 

Results of studies in both animals and humans demonstrated that erythritol is quickly absorbed, 
is not metabolized systemically, and is excreted unchanged in the urine. Based on studies in 
humans, approximately 90% of the ingested erythritol is absorbed, leaving up to 10% of the 
ingested erythritol potentially available for fermentation by the colonic microflora. Results from 
in vitro incubation studies, including a more recent study (Arrigoni et al. 2005), suggest that 
colonic fermentation of erythritol in humans is unlikely. Because the absorbed portion of 
erythritol is not systemically metabolized, it does not contribute to the caloric load. 

No adverse toxicological effects were observed in studies in which animals consumed up to 20% 
erythritol in the diet. At high doses, erythritol treatment of animals was associated with some 
physiological changes including transient diarrhea, increased cecal and kidney weights, increased 
water consumption and urine output, and minor changes in some urinary parameters. No 
histopathological evidence of toxicity was observed, however, and the effects reversed after 
cessation of exposure. The observed effects were considered to be physiological responses to 
high loads of poorly absorbed low molecular weight compounds and of no toxicological 
significance. Additionally, there was no evidence that erythritol has any carcinogenic, 
mutagenic, or teratogenic potential, and no effects on reproductive performance or fertility were 
reported. 

In clinical studies of erythritol, some minor, transient gastrointestinal effects were observed, 
though only after intake of a large acute bolus (liquid) dose and/or intake on an empty stomach. 
A laxation threshold for erythritol was not clearly identified in the clinical studies. The available 
data suggested, however, that it may be in excess of 0.6 to 0.8 g erythritol/kg bw under all 
conditions of use, or approximately 1 g erythritol/kg bw/day or more in divided doses in foods 
and beverages. Intakes of up to 1 g erythritol/kg bw/day in divided doses also were not 
associated with meaningful renal effects. An intake of 1 g erythritol/kg bw/day corresponds to a 
daily intake of 60 g erythritol for a 60 kg adult. 

JECFA 2000 

JECFA evaluated erythritol produced from glucose or sucrose by fermentation with either 
Moniliella pollinis or Trichosporonoides megachiliensis and assigned it an Acceptable Daily 
Intake "not specified" for use as a sweetening agent (JECFA 2000). An ADI "not specified" is 
applicable to a food substance of very low toxicity which, on the basis of the available data 
(chemical, biochemical, toxicological, and other), the total dietary intake of the substance arising 
from its use at the levels necessary to achieve the desired effect and from its acceptable 
background in food does not, in the opinion of JECFA, represent a hazard to health. For that 
reason, and for reasons stated in individual evaluations, the establishment of an acceptable daily 
intake expressed in numerical form is not deemed necessary. JECFA's specification for 
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erythritol states that the sugar alcohol may be produced via fermentation of starch enzyme 
hydrolysate "by safe and suitable food grade osmophilic yeasts such as Moniliella pollinis or 
Trichosporonoides megachilensis" (JECFA 1999). 

SCF 2003 

In 2003, the SCF reviewed available data on erythritol and concluded that the use of erythritol as 
a food additive is acceptable. The Committee cited rare reports of allergic and allergic-like 
adverse reactions after ingestion of erythritol. The Committee determined the no observable 
effect level (NOEL) for the laxative effect of erythritol to be approximately 0.5 g erythritol/kg 
bw when administered as a single dose in solution on an empty stomach; this is equivalent to a 
bolus intake of approximately 30 g erythritol for an adult weighing 60 kg. Consistent with the 
Committee's earlier opinion on other polyols, it was determined inappropriate to establish a 
numerical ADI for erythritol. 

Erythritol Safety Data Published Since 2006 

A search of PubMed for information related to the safety of erythritol published since 2006, the 
year of the most recent Notification to FDA of the GRAS status of erythritol under its intended 
conditions of use, was conducted through March 2011 to determine if more recent information 
continues to support the previously determined GRAS status. 

Two studies of the effects of varying bolus doses of erythritol were identified in the search (Oku 
and Nakamura 2007, Story et al. 2007). Results from both of these studies continue to support 
the safe intake of erythritol under the GRAS conditions of use. 

Storey and colleagues (2007) examined gastrointestinal tolerance of single, oral, bolus doses of 
20, 35, or 50 g of an aqueous solution of erythritol as compared to comparable bolus doses of 
xylitol or a 45 g bolus dose of sucrose in a population of 64 healthy adults age 18-24 years in the 
United Kingdom. The test beverages were consumed within 15 minutes either as a mid-morning 
or mid-afternoon beverage after having consumed a normal breakfast or lunch. Doses of 20 or 
35 g erythritol in water were well tolerated by the study volunteers. Doses of 50 g erythritol 
were associated with significant increases in the number of subjects reporting nausea or 
borborygmi as compared to effects after consuming sucrose in water. The 50 g dose of erythritol 
had no significant effect on gastrointestinal symptoms including bloating, colic, flatulence, or 
watery feces. The absence of any significant increase in the number of subjects with watery 
feces suggests that a 50 g dose of erythritol, the highest dose tested (corresponding to 
approximately 0.78 g erythritol/kg bw), was below the threshold of laxation. 

Oku and Nakamura (2007) examined the threshold of transitory diarrhea following intake of 20, 
30, 40, or 50 g erythritol in water by 55 young healthy adults (27 males, mean age 19.9 years; 28 
females, mean age 21.2 years) in Japan as compared to doses of xylitol or lactitol. Responses to 
doses of 10, 20, 30, 40, and 50 g xylitol and 10, 20, 30 and 40 g lactitol (each provided in 
aqueous solutions) also were assessed in the study. The beverages were consumed two to three 
hours following a meal, usually breakfast. Increasing doses of the test substances were 
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consumed until diarrhea was reported. Intake of 20 or 30 g erythritol was well tolerated by men 
and women, with no reported cases of diarrhea. One quarter of the men experienced diarrhea 
following intake of 40 g erythritol, and the cumulative proportion of men experiencing diarrhea 
after intake of 50 g erythritol was 46%. Intake of a bolus dose of 40 g erythritol resulted in 
diarrhea in approximately 8% of the 26 tested women, while 31% of the women experienced 
diarrhea following intake of 50 g erythritol. The laxative threshold of erythritol was calculated 
to be 0.46 g erythritol/kg bw for males, and 0.68 g erythritol/kg bw for females. The 
investigators noted that these values were slightly lower than thresholds they previously reported 
(0.6 and 0.8 g erythritol/kg bw for males and females, respectively) and suggested that the 
differences may be attributed to one or more differences between the two studies including the 
test article matrix (water versus jelly), age of the subjects, location of the experiment, and season 
of the year. As noted above, Storey and colleagues (2007) also examined responses to an 
aqueous dose of erythritol. In their study in healthy young adults, an aqueous dose of 50 g 
erythritol, which was equivalent to 0.78 g erythritol/kg bw, was below the laxative threshold. 
These findings suggest that test article matrix alone may not account for the reduced threshold 
observed by Oku and Nakamura in their 2007 study. 

Recently the Panel on Food Additives and Nutrient Sources (ANS) of the European Food Safety 
Authority (EFSA) released on opinion on the tolerability of erythritol as consumed in beverages 
by young children (EFSA 2010). Using a double-blind, randomized, controlled cross-over 
design, the tolerance of a bolus dose of 5, 15 or 25 g erythritol was assessed in 128 children age 
4 to 6 years in France. Bolus doses of 5 or 15 g erythritol (0.25 or 0.71 g/kg bw, respectively) 
resulted in no significant differences in incidence of diarrhea or meaningful gastrointestinal 
symptoms as compared to responses after intake of the control product (a saccharose sweetened 
product). A bolus dose of 25 g erythritol (1.23 g/kg bw), the next highest dose tested in the 
study, resulted in a significant increase in the incidence of diarrhea and/or significant 
gastrointestinal symptoms as compared to the control group (32% versus 3.4%; p=0.0002). 
Based on these findings, a single dose of 15 g erythritol, corresponding to 0.71 g erythritol/kg 
bw, was determined to be the no observed adverse effect level (NOAEL) for children. 

Overall, as summarized by the Expert Panel in the review of erythritol safety (Cerestar 2001), the 
data available at that time suggested that the threshold of laxation of erythritol is in excess of 0.6 
to 0.8 g erythritol/kg bw. As noted in the review by Munro and colleagues (1998), transient 
adverse gastrointestinal effects following intake of erythritol are most likely seen after intake of a 
large bolus dose in a liquid form on an empty stomach. Evidence from recent large, well 
conducted bolus dose studies, including a study in young children, continues to support the 
previous conclusion that the threshold of laxation of erythritol is in excess of 0.6 to 0.8 g 
erythritol/kg bw. 

The maximum proposed use of erythritol in beverages including reduced- and low-calorie 
carbonated or noncarbonated beverages and dairy drinks (chocolate and flavored milks) is 3.5%. 
Assuming young children age 2-6 years consume a 240 mL beverage serving during an eating 
occasion, the maximum erythritol intake is 8.4 g per occasion, which is equivalent to 0.56 mg/kg 
bw per occasion assuming a default body weight of 15 kg. Likewise, assuming a person in the 
U.S. population age 2 years and older consumes two beverage servings during a single eating 
occasion (480 mL), the maximum erythritol intake is 16.8 g per eating occasion, or 0.28 mg/kg 
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bw per eating occasion assuming a default body weight of 60 kg. Among subpopulations of 
children and the total population in the U.S., the hypothetical maximum intake of erythritol per 
eating occasion from beverages is therefore below the threshold of laxation. 
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Basis for the GRAS Determination 

Introduction 

The regulatory framework for determining whether a substance can be considered generally 
recognized as safe (GRAS) for its intended use in accordance with section 201(s) (21 U.S.C. § 
321(s)) of the Federal Food, Drug, and Cosmetic Act (21 U.S.C. § 301 et. Seq.) ("the Act"), is 
set forth at 21 CFR 170.30, which states: 

General recognition of safety may be based only on the view of experts qualified by 
scientific training and experience to evaluate the safety of substances directly or 
indirectly added to food. The basis of such views may be either (1) scientific procedures 
or (2) in the case of a substance used in food prior to January 1, 1958, through experience 
based on common use in food. General recognition of safety requires common 
knowledge about the substance throughout the scientific community knowledgeable 
about the safety of substances directly or indirectly added to food. 

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 regulation for the ingredient. General recognition of safety through scientific 
procedures shall ordinarily be based upon published studies, which may be corroborated 
by unpublished studies and other data information. 

These criteria are applied in the analysis below to determine whether erythritol produced via the 
fermentation of glucose by Yarrowia lipolytica is GRAS based upon scientific procedures. 

Safety Determination 

The subject of this GRAS determination is erythritol produced via the fermentation of glucose by 
Yarrowia hPolytica. The yeast Y lipolytica is also referred to as Candida lipolytica (C. 
lipolytica). The intended uses of erythritol produced via the fermentation of glucose by Y. 
lipolytica are identical to current GRAS uses of erythritol produced via the fermentation of 
glucose by two other yeasts, M pollinis, or T. megachiliensis. Erythritol produced via the 
fermentation of glucose by Y hpolytica therefore would provide an alternate organism for the 
production of erythritol. The safety of erythritol produced from Y. hpolytica for use as an 
ingredient in food can be determined from an evaluation of the safety of Yarrowia hpolytica used 
to produce the erythritol, and an evaluation of the safety of erythritol under the intended 
conditions of use.
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Safety of Y. lipolytica to Produce Erythritol 

Yarrowia lipolytica is an organism with a history of use for the production of food ingredients, as 
the FDA has approved Y. lipolytica for use in the production of citric acid, FDA recently 
indicated the agency had no concerns regarding the GRAS determination of the use of modified 
Y. lipolytica for use in the production of EPA-containing oil for use in food, and the organism is 
used in the production of food flavors. The organism is non-pathogenic in the generally healthy 
population, though recently the organism has been identified as an emerging opportunistic 
pathogen in compromised individuals with vascular catheters. No reports implicating Y. 
lipolytica as a pathogen in healthy individuals were identified in searches of the literature. No 
evidence of toxicogenic or pathogenic potential from the use of Y. lipolytica in the production of 
food ingredients was identified in the literature. 

The microorganism used to produce the erythritol is Y. lipolytica, strain CGMCC No. 1431. The 
specific strain of Y. lipolytica used in the production of erythritol is maintained using methods 
suitable for maintenance of yeasts used in the production of food ingredients. Following the 
fermentation step in the production of erythritol from Y lipolytica, the fermentation solution is 
filtered through a membrane to remove microbial cells. The final product therefore does not 
contain any Y. lipolytica. 

Erythritol produced from Y. lipolytica is a minimum of 99.5% pure erythritol. The erythritol 
produced from Y. lipolytica complies with specifications for purity and identity of erythritol set 
forth in the Food Chemicals Codex, 6th Edition, as does erythritol produced by M pollinis or T. 
megachiliensis. A chromatographic comparison of erythritol produced from Y. lipolytica with an 
erythritol standard indicates that the two products are chemically substantially equivalent. 
Consequently, food grade erythritol produced from glucose by fermentation with Y. lipolytica is 
indistinguishable from other GRAS food grade erythritol products, namely erythritol produced 
from glucose by fermentation with either M pollinis or T megachiliensis. 

Pariza and Jolmson (2001) developed guidelines that can be used to evaluate the safety of 
microbial enzyme preparations for use in food processing, including the safety of metabolites of 
the production strain. Based on these guidelines, the primary consideration in an evaluation of 
safety of a production strain is the toxigenic potential of the strain. Pathogenic potential 
typically is not a concern, as food enzyme preparations rarely contain viable production 
organisms. Additionally, Pariza and Johnson note that it is important to distinguish between 
pathogenicity and opportunistic infection. When given access to tissue normally protected by the 
host, many microorganisms will produce opportunistic infections. True pathogens, however, are 
able to cross uncompromised host barriers and produce infections in individuals that are 
generally regarded as healthy. Y. lipolytica therefore is appropriate for use in the production of 
erythritol intended for use as a component in food. 

Safety of Erythritol 

The safety of erythritol for use as an ingredient in food has been extensively reviewed and 
evaluated. The GRAS status of the uses of erythritol in a variety of foods, including uses 
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identical to the uses proposed for erythritol produced from Y. hpolytica, was previously 
established based on information available in the publicly available literature. These levels of 
erythritol in the U.S. food supply were first recognized as GRAS by a panel of experts qualified 
by scientific training and experience in 2000. Erythritol meets food grade specifications as 
established by the FCC. Maximum uses of erythritol in foods determined to be GRAS are as 
follows: reduced- and low calorie carbonated and non-carbonated beverages (3.5%); dairy drinks 
(chocolate and flavored milks) (3.5%); frozen dairy desserts (regular ice cream, soft serve, 
sorbet) (10%); puddings (instant, phosphate set) (10%); yogurt (regular and frozen) (10%); 
bakery fillings (fruit, custard, cream, pudding) (15%); cakes and cookies (regular and dietetic) 
(15%); fat-based cream used in modified fat/calorie cookies, cakes and pastries (60%); chewing 
gum (60%); soft candies (non-chocolate, plain chocolate, chocolate coated) (60%); hard candies 
(including pressed candy, mints and cough drops) (99%); and sugar substitutes (carrier) (100%). 

Given that the intended uses of erythritol are identical across all sources of the sugar alcohol 
(i.e., produced by fermenting glucose using Y. hpolytica, M pollinis, or T. megachiliensis), the 
previously calculated estimates of erythritol intake also provide valid estimates of potential 
intake of erythritol produced from Y. hpolytica. The estimated per user mean intake of all 
intended uses of erythritol is 13 g/day, and the per user 90th percentile intake is 30 g/day. 

FDA was notified of the GRAS determinations for these uses of erythritol, first in 2001 and 
again in 2006, and responded with no concerns regarding the assessments. Findings from a 
review of the recent published literature continue to support the previous assessment of the safety 
of these uses of erythritol. The uses of erythritol remain GRAS and the intended uses of 
erythritol produced via the fermentation of glucose by Y. lipolytica are therefore GRAS. 

Conclusions 

The intended uses of erythritol produced via the fermentation of glucose by Yarrowia hpolytica 
are safe and GRAS based on the chemical equivalency of the erythritol produced via the 
fermentation of glucose by Y. lipolytica and the erythritol produced by other organisms, the 
nontoxicogenicity and nonpathogenicity of Y. lipolytica, and on the demonstrated safety of 
erythritol in animals and in humans. 

General Recognition of the Safety of Yarrowia lipolytica to 

Produce Erythritol 

The intended use of erythritol produced via the fermentation of glucose by Y. lipolytica has been 
determined to be safe through scientific procedures as set forth in 21 CFR§170.30(b), thus 
satisfying the so-called "technical" element of the GRAS determination. Because this safety 
evaluation was based on generally available and widely accepted data and information, it also 
satisfies the so-called "common knowledge" element of a GRAS determination. Determination 
of the safety and GRAS status of erythritol produced via the fermentation of glucose by Y. 
lipolytica for addition to foods under its intended conditions of use has been made through the 
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deliberations of an Expert Panel comprised of Joseph F. Borzelleca, Ph.D. and Michael W. 
Pariza, Ph.D. These individuals are qualified by scientific training and experience to evaluate 
the safety of substances intended to be added to food. They have critically reviewed and 
evaluated the publicly available information summarized in this document and have individually 
and collectively concluded that erythritol produced via the fermentation of glucose by Y. 
lipolytica, produced consistent with Good Manufacturing Practice and meeting the specifications 
described herein, is safe under its intended conditions of use. The Panel further unanimously 
concludes that these uses of erythritol produced via the fermentation of glucose by Y. lipolytica 
are GRAS based on scientific procedures, and that other experts qualified to assess the safety of 
foods and food ingredients would concur with these conclusions. The Panel's GRAS opinion is 
included as Exhibit I to this document. 

Exponent is not aware of information that would be inconsistent with a finding that the proposed 
use of erythritol produced via the fermentation of glucose by Y. lipolytica as meeting appropriate 
specifications and used according to Good Manufacturing Practice, is GRAS. A recent search of 
the scientific literature revealed no potential adverse health concerns. 
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Appendix A. Detailed Production Process Flow Chart 

iiibo BAOLNGBAO BIOLOGY CO., 1111. 
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TEL +116-534-8018685 FAX: +86-534-2126M 

Detailed Process Flow Chart of Erythritol 

Detailed Information Flow chart 

Membrane Filtration

Concentration 

First crystallization 

First Centrifugation

1. Raw materials have to be inspected s:trictly, and sampling 

inspection is performed. 

1.Transfer the glucose to fermentation tank 

2. The glucose solution is heated for sterilization. 

1. By fermentation, glucose can be converted to erythritol 

catalyzed by a microorganism named Candidi lipolytica. 

2. This is an aerobic fermentation process. 

3. In this process, yeast extract KII2PO4, defoamer magnesium 

sulfate, and ammonium citrate(aqueous ammonia + citric add) 

are aciled in to fermentation tank 

1. Through this process, microbial cells and solid impuritks can 

be removed efkctively. Get dear sok that. 

1. Concentrate under reduced pressure 

2. The final concentration Is about 40-60%. 

Through this process, erythritol Is crystallized 

Separating erythritol crystal fnom crystal-containing slurry and 

obtaining solid erythritol 

Receiving of Raw Materials 

Glucose 

Fermentation 
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Dissolution Decolorization 

inn-exchange 

Second Concentration 

Vacuum-Concentradon 

Second Crystallization 

Second Centrifugation 

Crystal Drying 

Distinguish Flesh 

Metal Detecting 

Packaging

1. This i s a product purification process. 
2. Active carbon is aided 

Demineralize using columns filled with pusitive or negative 
exchange resin. 

Concentrating product liquid 

Concentrating product liquid 

Obtain thcerythritul crystal 

Separating erythritul crystal from crystakontaining slurry and 
obtaining solid erythritul. 

Vibrated Fluidized Bed Dryer is used for crys1al drying. 

Obtain desired particb size of product 

Magnetic separahm is applied to i ttt and remove metal 
impurity. 

BAOLHIGBAO BIOLOGY CO, LTD. 
NO.1DCMGWAIHUAN FIGADJ-11-TEGH CEVELOPMENT ZONE,YUCHENaSHANDONaCHINA 

TEL: +86-534-8918610 FAX 46-534-212600 
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Appendix B. Certification of Chinese to English Translations 
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Appendix C. Specifications for Materials Used in the Production of Erythritol 

Baolingbao Biology Co., Ltd. 

Raw Materials Standards

Document
Section # Material Reference 

Standard 
6.4 Active Carbon GB/T 13803.3 -1999 

6.22
Macroporous weak alkaline styrene 
series anion exchange resin

HGT2624-1994 
D301-FC 

6.35 Aqueous Ammonia -- 

6.21
Macroporous acidic styrene series 
cation exchange resin

GB 16579-1996-1 

6.18 Citric acid GB 1987-2007 
6.34 Defoamer -- 
6.7 Magnesium Sulfate QB 2555-2002 

6.33 Potassium Dihydrogen Phosphate -- 
6.32 Yeast Extract QB 23530-2009
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Baolingbao Biology Co., Ltd. 
Operating Standards

Document no.: OD/BLBJ03 1-2010 
Version: A 

Topic: Raw materials standards Form feed marker: 0 Page 7 of 43 

6.4	 Active carbon 

6.4.1 Refer to OBIT 1380334999 "Active resin for sugar decolorization" (see 
Attachment 4) standards. 

6.4.2 Standards re uirements 
Quality Item Determination 

Standards
Plant 

Inspection
Unscheduled 

Sampling
Accompanying 

Report
Third-Party 
Inspection 

i Appearance Black powder V V 
Method A 
caramel 
decolorization 
rate, %

> 90 

Me thod B 
caramel 
decolorization 
rate, %

> 90 

Moisture, % <10 1 <40 I <55 V v 
pH value 2.0 — 5.0 
Ash content, % < 4.0 
Acid soluble 
content, % < 1.50 

Iron content, % < 0.1 V 
Chloride 
content, % < 0.25 

Arsenic (As) 
content 
(calculated on 
dry basis), %

< 0.0003 

Heavy metal 
(calculated as 
Pb) content 
(calculated on 
dry basis), %

< 0.002 i 

Lead (Pb) 
content 
(ca/culated on 
dry basis), %

< 0.001 V 

Note: 1) Any item can be used as the decolorization rate index for the method A caranel decolorization 
rate and method B caramel decolorization rate. 

2) The ash content of the active carbon produced by the phosphoric acid method can be 7-9%. 
Note: 1. In plant inspection, every batch of product must be inspected. 

2. In unscheduled sampling one out of every 5 batches of product must be inspected. 
3. An accompanying report must be provided for each batch of product 
4. Suppliers must provide an inspection report for all inspection iems required in the standards once 

per quarter. 
5. The third-party inspection must be performed once every 6 months.
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Baolingbao Biology Co., Ltd. 
Operating Standards

Document no.: OD/BLBJ0311-2010 
Version: A 

Topic: Raw materials standards Form 'feed marker: 0 Page 25 of 43 

6.22 Macroporous weak alkaline styrene series anion exchange resin 

6.22.1 Refer to HOT 2624-1994 D301-FC "Macroporous weak alkaline styrene series 
anion exchange resin" (see Attachment 22). 

6.22.2 Standards requirements

Quality Item Determination 
Standards

Plant 
Inspection

Unscheduled 
Sampling

Accompanying 
Report

Third-Party 
Inspection 

Appearance Milky white or 
light yellow 

opaque 
spherical pellets

V V V 

Moistme, % 50 — 60 
Quality 
Full exchange 
capacity, 
rnmol/g

> 48 V 

Volume 
Full exchange 
capacity, 
nunol/m1

> 1.4 

Wet superficial 
denaity, g/m1 0.65— 0.72 V 

Wet real 
density, aml 1 03 — 1.07 

Gra(ila.ritY' % (gram size, 
nun)

> 95 (045 — 
1.25)

V 

Lower-limit 
granularity, % 
(grain size, 
mm)

< I (< 0,45) V 

Effective nrain .	 — size, mm 0.50..... 0.75 

Uniformity 
coefficient < 1.60 V 

Attrition 
sphericity, % 
Note: 1) In plant 

2) In tmscheduled 
3) An accompanying 
4) The third-party 

inspection, each batch of pnaduct must be inspected. 
sampling, one out of every 5 batches of product must be inspected. 

report must be provided for each batch of product. 
inspection must be performed once for each batch.
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Baolingbao Biology Co., Ltd. 
Operating Standards

Document no.: 0D/13LBR:1311-2010 
Version: A 

Topic: Raw materials standards Form feed marker: 0 Page 38 of 43 

6.35 Aqueous ammonia 
6.35.1 Standards requirements

Quality Item Determination 
Standards

Plant 
Inspection

Unscheduled 
Sampling

Accompanying 
Report

Third-Party 
Inspection 

NH3 
content, %

> 18 v" / 

Evaporation 
re sidue, %

< 0.002 y" 

Lead (Pb) < 0.0005  
Potassium 
permanganate 
reducing 
substances

< 0.0008  

Note: 1) In plant inspection, each batch of product must be inspected. 
2) In unscheduled sampling, one out of every 5 batches of product must be inspected_ 
3) An accompanying report must be provided for each batch of product. 
4) Suppliers must provide an inspection report for all inspection items required in the standards once 

per quarter. 
5) The third-party inspection must be performed once per year for each batch.

000053 
Prepared for Baolingbao Biology Co. Ltd

	
Page 51 of 127 

1002988.000 GOTO 0511 0001 



NOI'ttfiR*11 - v i4 	 1--71 

igfrtat

3C11V c- -31 : OD/BLBJ0311-2010 

AQ	*: A
24Y, ji:43", 

6.21 DOO1 kflAfitrt*ZAARIA 
6111 Vt GB165 79-1996-T WOW MLINett*ZMARIA-ftik0110( 

Fftft 21)0 

6.21.2 iiiV*

'AIM H PDt i NrItA 
iiii.A n

Tit1:11.3 
WW1

,',F 'MR* 
4 El

15-E-'14 
i%4171 

3rIle 5ttYVt*RtitTiVii 

RP

45 —55 4 

FASt	SZA4Et. mmoVe >4.130 NI 

I,W	41Et. minol/m1 >1.70 q 

iliWitlt , g/m1 0.75-0.85 4 

gr	It a , gird 1 .23--- 118 

MNIVI gnia (Pnirn) >95 ( 0315-1.25 ) 4 

TI3A0.1% ( VIfIc.mrn ) <1 ( <0 .31 

UktY. ,.. Um 01.40 —0.70 

A—Alt <1.70 NI q 

% >85 q 

a:	 1-. FIJIAMVX1=1. lifItt911101•4: 
2, TitSalietA IA . 44 541011://,1>itri 1 '.'t 
3 , -ical1M-r111. klittNlif.lbarifiIiMr 
4,11.,,-.:AlfritiX11.	Iff ittia ft 1 &..

000054 
Prepared for Baolingbao Biology Co. Ltd

	
Page 52 of 127 

1002988.000 GOTO 0511 0001



Baolingbao Biology Co., Ltd. 
Operating Standards

Document na: OD/BLBJ0 1 -2010 
Version: A 

Topic: Raw materials standards Form feed marker: 0 Page 24 of 43 

6.21 DOW Macroporous acidic styrene series cation exchange resin 

6.21.1 Refer to GB16579-1996-T —0001 Macroporous acidic styrene series cation 
e.x change resin" (see Attachment 21). 

6.21.2 Standards re uirements
Quality hem Determination 

Standards
Plant 

1n srection
Unscheduled 

S ampling
Accompanying 

Report
Third-Party 
Inspection 

Appearance
13mwn to tawny 

oPailik  
spherical 
particks 

Moisture, % 45 — 55 1 ie 

Quality 
full exchange 
capacity, 
mmol/g

> 4_00

1 1 

Volum 
full exchange 
capacity, 
mmoilml

> 1.70
..,- 

Wet superficial 
density, girol

0.75 — (185 ..e' 

Wet teal 
density, g/m1

1.23 — 1.28  

Granularity, % 
(grain size,

)95 (0.315 — 
1.25) .e• 

mm) 
Lower-limit 
granularity, %  
(grain size, 
ram)

< 1 (< 413	 ) 

Effective grain 
tize,, mm

0.40— 0.70 .." 

Uniformity 
coefficient

< 1_70 i 

Attrition 
sphericity, %

> 85 ../ 

Note: 1) In plant inspection, each batch of product must he lospeotd 
2) in unscheduled sampling, one out of evety 5 batches of product must be inspected. 
3) An accompanying ieport 11111s1be provided for each batch of Froduct. 
4) Tlw third-party inspection must be performed once for each batch
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Baolingbao Biology Co., Ltd. 
Operating Standards

Document no.: OD/BLBJ0311-2010 
Vetsi	 : A 

Topic: Raw materials standards FOIM feed a r: Page 21 of 43 

6.18	 Citric acid 

6.18.1 Refer to GB1987-2007 -Food additives — citric acid- (see Attachment 9). 

6.18.2 Standards rcuuigemenrs
Quality hem Derermination 

Standards
Plam 

Inspection
Unwheiduled 

Sampling
Accompanying 

Report
Third-Party 
Inspecticm 

Organoleptie 
requirements

Colorss or 
white crystal 
graindes or  

powder, 
Warless. sour 

taste 
Content, % 99.5 - 100.5 , 

Transnittanoe, % > 95.0 V f i' 
Moistule, % 7.5- g o i i 
Readily 
carboniz able 
substance

< 1.0
,e- ..,- 

Suifated ash, % < 0.05 v v 
Chloride s, % < 0.005 v 
Sulfates, % < 0.015 v 
Oxalates, % < 0.01 ." 
Calcium salts, % .e 0.02 si" 
Iron, 1119.14 r 5 
Arsenates, mg/kg < i Ye' 

Lead, ruMkg < 0.5 ,,,- 
Water- insokble 
matter

Ftiter time not 
to exceed 1 
min, filter 
memb MI& 
essentially dces 
nal change 
Color, no more 
than 3 
impurities can 
be see n with tim 
naked eye

i i ..e-• 

Note: 1) In plant inspection, each batch of product must be unspent 
2) In unscheduied sampling, one out of every . 5 batches of product must be insfected 
3) An accompanying report must te provided for each batch of product. 
4) Suppliers must provide an inspection report for ail inspection items required in the standards once 

per quarter. 
5) The third-party inspection must be performed once for each batch.
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Baolingbao Biology Co., Ltd. 
Operating Standards

Document no.: OD/BLBJ0311-2010 
Version: A 

Topic: Raw materials standards Form feed marker: 0 Page 37 of 43 

6.34 Defoamer 
6.34.1 Standards requirements

Quality Item Determination 
Standards

Plant 
Inspection

Unscheduled 
Sampling

Accompanying 
Report

Third-Party 
Inspection 

Organoleptie Milky white 
viscous liquid, 
no impurities 
visible to the 
naked eye, no 
foreign matter, 

no peculiar 
smell

1( ,7 v". 

PH 6.0 — 8.0  
Non-volatile 
matter, %

< 30.0 ..( 

Stability (3000 
r/rnin, 30 min)

Not stratified ..,- 

Heavy metals 
(calculated as

< 10.0 

Pb), ingfkg 
Arsenic 
(calculated as

< 0.5
v 

Pb), mg/kg 
Note: 1) In plant inspection, each batch of product must be inspected. 

2) In unscheduled sampling, one out of every 5 batches of product must be inspected. 
3) An accompanying report must be provided for each batch of product. 
4) Suppliers must prov ide art inspection report for all inspection items required in the standards once 

per quarter. 
5) The third-party inspection must be performed once for each batch.
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Baolingbao Biology Co,, Ltd 
Operating Standards

Document no:, OD/BLBJ0311-2010 
Version: A 

Topic: Raw materials standards Form feed marker: 0 Page 10 of 43 

63	 Magnesium sulfate 
63,1 Refer to QB 2555-2002 "Magnesium sulfate for food - (see Attachmen1 7) 
standards. 
6.72 Standards requirements

Quality item Deermination 
Standards

Plant 
inspection

Unscleduied 
Sampling

Accompanying 
Report

Third-Party 
inspection 

Appearance White crystals 
or powder, no 
peculiar odor, 

no cbv ious 
foreign matter

.../ ..e ../- 

Whieness, 
degree

> 75 V i 

Magnesium 
sulfate, 
calculated as 
MgSO, - 71420

> 99.30 ../ V v.- 

Water- 
insolube 
matter, %

< 0.05 ve 

Chlorides 
(calculated as 
CL), %

< 0.1 i' i 

Clarity est Gear i I i 

Arsenic (As), 
InWIER

< 0.5 ve 

Lead (Pb), 
mWkg

< 1.0 v.- 

fluorides 
(F), Mikg

< 15.0 

Notes: 1) in plant inspection, each batch of product must 1:e inspected. 
2) in unscheduled sampling, one out of every 5 batches of product must be inspected. 
3) An accompanying report must be provided for each batch of product 
4) Suppliers must pravide an inspection report for all inspection items required in the standards once 

per quarter. 
5) The-third party inspection must be performed once every six months for each batch.
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Baolingbao Biology Co., Ltd. 
Operating Standards

Document no.: OD/BLBJ0311-2010 
Version: A 

Topic: Raw materials standards Form feed marker: 0 Page 36 of 43 

6.33 Potassium dihydrogen phosphate 

6.33.1 Standards re uirements 
Quality Item Determination 

Standards
Plant 

Inspection
Unscheduled 

Sampling
Accompanying 

Report
Third-Party 
Inspection 

Appearance Colorless  
crystals 

Potassium 
dihydrogen 
phosphate 
content, %

> 98 .0 ../ ../ 

Water 
insoluble 
matter, %

< 0.2 ,.." 

Weight loss on 
drying, %

< 1.0  

Fluorides 
(calculated as 
F), mg/kg

< 10 ../ 

Arsenic (As), 
mg/kg < 3 

Lead (Pb), 
mg/kg < 5  

Heavy metals 
(calculated as 
Pb), mg/kg

< 20 v.' 

Notes: 1) In plant inspection, each batch of product must be inspected. 
2) In unscheduled sampling one out of every 5 batches of pmduct must be inspected. 
3) An accompanying report must be provided for each batch of product. 
4) Suppliers must provide an inspection report for all inspection items required in the standards once 

per quarter. 
5) The third-party inspection must be performed once for each batch.
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Baolingbao Biologiy Co., Ltd. 
Operating Standards

Document no.: OD/BLBJ0311-2010 
Version: A 

Topic: Raw materials standards Form feed marker: 0 Page 35 of 43 

631 Yeast extract 
6.321 Refer to QB 23530-2009 -Yeast extr	 (see Attachment 32) 
6.32.2 Standards requirements

Quality Item I:t trmination 
Standards

Plant 
inspection

Unscieduled 
Sampling

Accompanying 
Report

Third Party 
Inspection 

Color and 
luster

Yellowish 
brown or tawny

Y Y Y 

Form Past Y 
Odor Odorless Y Y 
Aprearance No visible 

foreign matter 
under normal 

sight

Y Y 

Dry matter 
(solid 
matter), %

> 60.0 Y Y 

Total nitrogen 
(calculated in 
desalting dry 
base), %

> 9.0 i i 

Amino 
nitrogen 
(calculated in 
desalting dry

> 3.0 Y Y 

pli 4.0-7.5 Y i Y 
Way y metals 
(calculated as 
Pb), mg/kg

< 20 Y 

Arsenic 
(calculated as 
As), rag/kg

i 

Total colony 
count, cfuhal

< 10000 Y Y 

Colifcrm , 
MPN/100 g

< 30 1* 

Salmonella (25 
g sampt)

Not tsted 

Notes: I) in plant inspectica, each batch of product must be inspected. 
2) in unscheduled sampling, one out of every 5 batches of product must be insrected. 
3) An accompanying report must be provided for each batch of product 
4) Suppliers must provide an inspection report for all inspectice items required in the standards once 

per quarter. 
5) Tim third-party inspection must te performed once otry six months for each batch.
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Appendix D. Documentation of Suitability of Production Materials for Use in 
Foods

000066 
Prepared for Baolingbao Biology Co. Ltd

	 Page 64 of 127 
1002988.000 GOTO 0511 0001



lintlArArAttif 
It 41 **AR Itik*Ii 

rt 24 

OluttAfie	 cuirTijtsq	 lo 4.1 

ft 4	+1.	10 P*7	2,407
swig 

it**, *PIM* Ctittkil*Ti oigelteltbma	St 

6101Z ailiffelIEFIE.



Domestic Products Involving Drinking Water Sanitation and Safety 

Hygiene License Document 

Product Name : 2 Zistragguang brand lon-extfiange rtiln 

	

Product type:	Alter Material 

unit of Applkitlon: Zheittng Zhengg ng industrial co Lrd 

	

Approval Number ;	i*I	 / SC0049 

After sLam hid° n. this Orall uct is comp fiance with requitsmerst of d ocv ant « Drinking water 
Supervision and Management Procedure». The application Is approved. The period of validity Is 4 years 

from date of approval_





Food Hygiene Licence 

Manufacturer Name 

Legal Representative : 

Afkkess 

Approval Range :

Fujian Nanping Yuanli Active Carbon Co.,Ltd 

Laizhou Development Zone, Nanping, Fujian 

Active carbon used for food Indust,/ production 

Issuing authority 

Expiry Date:

MINISTRY OF HEALTH OF THE PEOPLE'S REPUBLIC OF CHINA
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.N7A..-ar 3E. 

National Industry Products Production Licence 

Anr Yeast to,, Ltd 

After ex.amination. the products listed below meet the issuing requirements of food production 8 
licence.. Hereby issued this certificate. 

Produzt Maim ater Food (Yeast Products for Food Process) 

Office Address: 
Production Address; 

Testing Type : 
Licence No.: 
Expiry 

atinuoint

24 Zhorgnan Road Yichang Hubei P. R.China 
24 2horgnan Road Yichang Hubei P. &China 

Setf-Testing 
054205 2801 0005 

2012ffl1.148E1 

:P./kw 'MIRA MC, 

0..eaypt



3200400222 
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The People's Republic of China 

Hygiene Registration Certificate 

Manufacturer Name	Lianyungang Mupro Pi Plant 

Address G.Jannan Lianyungang Ecommic Development Zone 

Registration No.-	3200900222 

After examination, the products listed below meet the requirements of 
food production enterprise. Hereby Issued registration certificate, 

Registration cip tiotessium thlonde,4>Otiesslum citrate, potaossum cordate, calcsom 
phosphPate, ilill tirote,ss	ro malcsrnphospphalts, potesrun dsihaLirzgosn 

Products
' pho	xt sphateeadium h	ph ydrogen osphate, oaken poplonate. 

Issued Date: 2007 'if 09 J I 28 

Expiry Date	 2010	09 I I 27 ii
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Food Hygiene Licence 

Manufacturer Hanle	 lianyungang Main Food Additive Plant 

Legal presentative 

Adds-en : Unhorg West Raul 31 Amu LIanyungang 

Ammar Range : Production and Process of Food Additive (Show in Oupactte) 

Expiry Date: I	 2:)1 zig n 15

MI6 

414 Mt, 
4.031



*** 

apry date :	2OOBr I J1 20	_ 2012

0 a. 
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co 0 
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Producla Hat: Food additive potassium chlaticte, magnesium 

chloride, magnesium suilfabe

Food Hygiene Licence 

Licence No.:	(2008) V320000-050081 -9 
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National Industry Products Production Licence 

Gape heng llanpo Chemical Co...Ltd. 

After examination • the product listed below meets the licance-issued requirements. 
Hereby issued this certificate. 

Product Marne:	ueout n1 IYI 
Ill

Orifice Address: Shangshu, Gaocheng 
P rod uction Address: Gaoc heng Industrial Zone 

Test ng Type ; Selt-Tasting 

Licence No.: Q S1305 2302 0016 
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• 
cr4.t.s 11461 ,=.si1tA:•1-to1 l25}4

Testing Report 

	

Sample Name: 	stainless steel 

	

Specification: 	DN150  

consigner: Baolingbao Biology Co,Ltd. 

Classification of inspection: consignedinspection  

ihandong Station of Ferrous Metal Product Quality Supervision and Inspection 

BEST ORIGINAL COPY 
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Status	 Pipe	 lefnalina Time, *21A 01 .12 

consigned inspection Tesang Trria 201110I 

Tastin g Rams Chemical composition 

Testing Sits 

Turing Standard

Stardom Seim of Ferrous Med Frodurt OtislihrStowdsion mad hope* 

LiB iT 2(1125 .2006 CBI' ZG123-ZW6 GBIF 22111..:0OR 

Concassion

iriN 1944

ihandong Station of Ferrous Metal Product Quality Supervision and Inspection 

Testing Report 
2010B119.13 

Sirrebe N.M. AfairileSS steel 

speeincatiori 

consigner Baormgbao Biology eg,Ltd. 

Manufacturer WanZhat Kavu 

Source	 Submitting sample for fest Ouantity 

, 
Apto.d by	 Auciliactbri C'ff hsaidd bif-e 1 

*	
5 _}
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dwolownob 

,

P-4‘ 

DN100 OfiCr igNid Unit	Standard Result 

11 (134 

0,40 

SD 

0 (13.5 

11a4.3

Coectual on 

12 

14

17.50 

4 21 

17

Shandong Station of RIMS Metal Product Quality Supentision and Inspection 

: 20100.032 

sa triple name Vainless steel DN150 
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Appendix E. Erythritol Batch Data 

COA km 5 ri	iuIi prJuliwi 
Lot No. 

111131b /1	111131313	110319 /2	110326(1	110401(1 
Test Item Standard Results 

Appearance 
Odor

White mystalline powder 
Odorless

Eligible 
Eligible

Eligible 
Eligible

Eligible 
Eligible

Eligible 
Eligible

Eligible 
Eligible 

Taste
Sweet and moduces 

ci-)nl ng sensatinn iirinn 
consumption

FIONA Fligihle Fligible FIgible Fligible 

pH 5.0 7.0 5.8 6.0 5.9 6.0 6.0 
Melting point 119 	-123° 120.8' 120.5' 120.9' 120.8° 120.7' 

Aay % 99.5-100.E 100 100 100 100 100 
Loss on dyirg % <0.2 U119 U 013 U.1U U.09 U U9 

Lead ppm 
RedJcing sugar %

<0.1 
<0.1

Eligible 
Eligible

Eligible 
Eligible

Eligible 
Eligible

Eligible 
Eligible

Eligible 
Eligible 

Resillie nanition	% <0.1 0.0038 0.0033 0.0037 00037 0.0O39 
Raitnlanl Glycerol	% <11 1 FIONA Fligible Fligible FIgible Fligible 
Contof bacteria, cftsig <-500 200 200 100 200 100 

Yeast & !Vole cfufg --,: 50 10 20 5 10 5 
Cdiforrns M'filg <10 Ekgible Eligible Eligible Elgible Eligible 

E.coli MPN/g <3 Efigible Eligible Eligible Eigible Eligible
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Commocity Erythritol Batch Number 11030571 

Manufactusing 
date

Mar.05,2011 Quantity (kg) 

Expiry date Mar.04,2013 Test date Mar.05,2011 

Test Accordig As C2B/T 2955-2008 

Test Result 

Serial 
Number

Test Item Standard Resudt 

1 Appearance White crystalline powder 

2 Odor Odorless Eligle 

3 Taste
Sweet Nkl produces 

cooing sensation won 
consumption 

4 pH 5.0-7.0 5.8 

5 Melting paint 1191 -1235 120.8' 

6 Assay % 99.5-100.5 100 

7 LOSS Cr dryfrig, 1/4 <02 0.09 

8 Lead ppm <al Eligthle 

9 Reckreing sugar 1/4 <03 Eligtde 

10 Rasidue on ignition 1/4 <0.1 0.0038 

11 Ribitol wid Glycerol 1/4 <0.1 Eligtde 

12 Colt of bacteria, cfulg <500 200 

13 Yeast & Mold al/GI 10 

14 Cdifomis MPNig < 10 EEO:4e 

15 Ecoli MPN/g 3

Checker
	 02
	

Assessor
	

01 

BAOLINGBACI BIOLOGY CO., LTD. 
P	 /4, 1 rA" 1DONGWANUAN ROADJS-TECH DEVELOPMENT ZOMYUICFENaSH#1143ONG.CHINA 001.13 1214

nlat7ffi	 TEL; -116-5344911695 FAX; +14431-2124095 

CERTIFICATE OF ANALYSIS 
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1A0tINGSA0 SIOLOGY CO.. LTC. 
HUM IMALma-1ECHDEVELOP1100 ZEIMEortaZHEN4 

TEL +16-534-191111695 FkX .1-16-534-2126091
CANA 

CERTIFICATE OF ANALYSIS 

Commodity Erytnitioi Batch Nurnoer 11031373 

ManUfaclurrig 
dale

Mar_13.2011 Ouantty (19) 1 

Exptry date Mar_12.2013 Test date Mar.13.2011 

Test Accordtrig As OBIT 2985-2008 

Test Result 

Serial 
Number

Test Itern Standatrl Resta 

1 Appearance What crystaane powder Cilipie 

2 Odor Odorless Ellpe 

3 Taste
Sweet and produces 

cooling sensaton now 
ornsumpdon

EDP* 

4 PH 5.0-71 6.0 

5 Wittig Kant 119" -123* 120.5° 

6 Assay % 99.5-111..5 100 

7 Loss on diyMg. % <0.2 OAR 

Lead ppm <0.1 Ellgt4e 

9 Redwztrig sugar % <0.3 EDO* 

10 Residue DA IgnMon % <0.1 0.0028 

11 MU and Glycelol % <0.1 

12 Corn al bacteria, Mfg <500 200 

13 Yeast & MOW bail <50 20 

14 Cobtrwms NIPNig <10 Ellpe 

15 Ecoll MPNV <3 Ellgtie 

Checicer 01 Assessor 02
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tY0 ibolENT .1
NGBAO BIOLOGY tO... LTD. 

HUM ROM:tat-TECH DEVELOPII ENT ZDHE,YucHENO 
TEL. 4-36-534-11911169S FAX 146-134-2126095

CiatqA 

CERTIFICATE OF ANALYSLS 

Conunodity Erythrilal IMO NLenber 11031972 

ManufachrIng 
date Mat 19.2011 Quantity (kg) 1 

Expey date Mar.18,2013 Test date Mar.19.2011 

Test According 
As QBfr 2985-2008 

Tod Resod 

Serial 
Number Test Item Mandan! Result 

Appearance White crystalline wider Eligible 

2 Odor Odorless Elgible 

Sweet and produces =ling 
sensation upon oonsurmoon Eligible 

4 PH 5.0-7.0 5_9 

Pilehkig potit 119* -123 W 120.9' 

6 Assay % 99.5-100.5 100 

7 Loss on &pig, % <0.2 0.10 

0 Lead ppm ---- 0.1 1:11spale 

RedixOng sugar % <0.3 Eigible 

10 Regale an Ignition	 % <0.1 0.0037 

11 RINtal arixi Glycerol % <0.1 Eligible 

12 Ctot or bacierla, Mug <500 100 

13 ltedat 14 MAU auty -.450 3 

14 Cancans MPN,Eg <10 Eligible 

15 Ecoll MPtlig <3 Eligible 

Checker D2 Assesscw GI
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talibow ma.,
ISAMINGBAO COMM CO., M. 

mum ROADAI-TECte BEVElefittlENT 2etuE,ruail£164SHA.19004ACHIMIA 
TEL -46-53449118695 FAX A6-3.4-2126095 

CERTIFICATE OF ANALYSIS

Commodity Eryttuttol Batch Number 114)32671 

Manufacturing 
date Mac26.2011 Quantity WO 1 

Expiiy dam UaL25.2013 Test date klar26.2 011 

Test AccoMIng 
As 013ff 2985-20013 

Toot Rusult 

serial 
Number

Test Item =Wald Resist 

Appearance While cyitaitlle powder DOM 

2 01110r Citinclepe EtIgible 

3 us ts. sweet	 d an produce s cooling 
sensaDan upon consimption tap% 

All 5.0-7.0 6.0 

5 %letting point 119 	 -123* 120_8' 

6 Assay % 99.5-100.5 100 

7 Loss an drying. % < 02 0.09 

a Lead ppm <0.1 Eligible 

RecLicing sugar % <0_3 Eligible 

10 Residue on I gnilon % 1 0.0037 

11 MIMI and Glyoerol % <0.1 Eligible 

12 Cord crr Maeda, trufg <500 200 

1 3 Yeast & M old efurg < 50 10 

14 California MPPirg <10 Eligible 

15 E.col PAIPNV <3 Eligible 

Checker 02 Assessor 01
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Conoonity filch Molar 11040171 

liosolocirte 
Min APE1 .2011 

Cspiry di" Mor31,71113 Tart doll ow .2n1 1 
Toot illicoadna 

Ala	_
0111T 2085,3031 

Test Nandi

*mew
UN Ian Sionikri Mout 

Appoionnor vl	cripisdro pooder 

42406. Odorimo BOO 

Swot and podium mane 

offindon upon annimption EWA 

4 d 

OMEN port 143e -123' 1307' 

*mar% 003,1131 5 

7 Leon On Orjler, 

Load ppn 

Pooducing moor IL rIsPon 

10 &U • W an Imam 11 

11 tatieni	01porgoi -33„t DOA 

12 cart of toolodo, okra 1C0 

13 Woof II WA -dub 

14 Cdararn LIP% <10 Alga 

15 Lad IAMB P:3 1312Rds

nommer 

ilialditY	dis. 
TIM= CIPIALORMIIC 

cnaincAn OFANALYSIS 
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bp litho g: NO. IDONGWANLIAN mos:mai CEVELOMENT ZONE,YUCHENCASIWICONOCHINA 
BAOUNGBAO BIOLOGY CO., LTD. 

+116-534-8912685 FAX: +115-534-2126095 

Analytical Method for All Tests Conducted On Product 

Product: Erythritol

Test Item Analytical Method 

Appearance. Color. Odor .Taste Visual and Sensory Observation 

Assay High perfornanPe liquid chromatography method 
Heavy metals Atomic absorption spectomeby 

Loss on drying Gravimehic method 

PH Acidometer 

Reducing sugar Fehfing's test 

Ash Heating by Muffle furnace and weighing 

Melting point Meting point meter 
Ribitol +glyceml High performance liquid chromatography method 

Cord of bacteria Plate count method 

Couliform MPN method 

Mold & Yeast Rate count method 

Portico! size Sieve analysis

wwwIlb-co.cran 
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Appendix F. Erythritol Monograph, FCC 6 

FCC 6
	

tforiogs ophs	EaytlsruIil	^95 

Lrythrito I  
change to rood: 

3,4 -Bute net Mot 
MO-trythritol 

HiO	 For ula wt 122.1 2 

`INS. 96•8AK ca	 CAS: (149-32-15) 

DESCRIPTION 
Erythritol occurs as white crystals. It is obtained horn the 
fermentation broth of the yeast MondieNa polknis 
Trkhowarorraldes rnevochiNensis. It Is stab.te to heat and Is 
rionhygroscopk. It is sakible in water and is slightly soluble 
in akohol. Erythrrlol melts between 119 0 and 1230. 

Function Flavor enhancer; humectant nutritive sweetener; 
texturizing agent stabilizer 

Packaging raid Storage Stein- in well-dosed COeltairtert. 

ENTIFKATION 
PROUD= 
Acceptance criterion; The retention IlilThe c 1 tt't major 

peak in the chromatogram of the Sorapie soslution corre-
sponds to that in the chrornaio9rarn of the Standard 
solution obtained In the Assay (betow). 

ASSAY 

Change to read: 
• Pnocsourre 

Mobile phase: Twice-distilled water 
Standard solution: A5.0 mgrPmL erythritiol arsdard' 

the dried b.asis, 0.5 migiml. glycerol, 0.5 rngirnt of:111ot 
in Mobitie ptictseusc. 
(NOTE: Save this preparation. for the test for Alaska and 

Glycerol' (below).] 
Sample :elution: 'Transfer 40904 sample into a 25- 

ml. volumetric flask, dissolve in and dilute to volume 
with A40Mo phoso ancl mi14-40cos Pass through a OAS -p rn 
llltl befOre injecting into the chroznatograph. 
[NOTC: Save this propration lor the test for RAW anti 

G /word (beienu)1 
Chromatograpfic system, Appendix !IA 

Mode High.perforrnance liquid chromatography with 
a constant.flow, pulseless pump 

Detector: Differential refractive index 
Column: Strong cation e.xcharsge resin in the hydro-

lonn consisting of a moCrOtetkular %Allocated 
polystyrene clivinytenzene and an 11% =Oinked co-
polymer, such as MCI-C O*55h or Mode x ta:8 1 1 (Mit-
subishi Chemical Corp. and 5hrO kkra Den1,9, 1.1-0.), 
equiValent. 

Flow rate: About 0.6 ml.,frnin and rmaximum pressure 
system is about 15.00 psi 

.--AvaLolle Iran Como , Et 1lt0Ord NO Detre, Centre of Up erti!-e Fer 
rntnlisten, Ftnenanat 11 ,1, USN VIvacree, fisigt.rrit	the-ittsa cor-
poration. Prricu rnince Pr adios	Fool iv/wed tens Department 1 5-1,

2 . chmane, aNnaedAu, Tokyo 1 0,5-091 5, lam,

Injection volume: About 10 Lit 
Analysis: Separately inject the Standard .s uka ipn 101' 

lowed by the S rn ripfc sokitiort, into the ch FOrtiattAilaph 
and record the peak responses ryi:er a period ol tift rutin. 
The relative relent.-on tirnes are 1.0 for erythritol. 1.1 
tor glycerol, and 0.4 for ribitol. Cakulate the prn rnt-
age of ery-thritol in the sample using the following 

lorrnu la.

2.5(C/W) (n.	s) 

C Cone esitrat ion, in nig/mt_ of erythritol in ttse Ston 
dord servo:in 
W = Weight, in g, cit arnple taken to prepare she Soak 
pie soiution 
r,, Peak response for erythritol horn the Sample 
_5orution 
r, Peak ropy-Ise for erythritol frOM the Stonikud 
satutkilt 

Acceptance criteria; NLT 9*.S% and NWT 100_5% of 
calculateci on the -dried basis 

114PURFISES 
Inorgank len purit les 
• Lug', Loci Limit Test, AI 0117-k Abscrirworr Speettophotcovrk 

Gr•tiptlitf fv rngte ki fi rg Mettrocl ApptrIsliA Nip 
sample:, 5 9 
Acceptance criterion NEAT 1 rngrag 

Change Co read: 
Organic Impurities 
• Minot APO GLYCEROL 

Analysts: Determine as dir cted in the Assay. Identify 
the peals area responses fur glycerol and ribitoi in the 
chromatogram of the Sonlote satution by comparison 
with the chrorn.atogram of the S ‘randord solution, and 
calculate the percentage of glycerol and ribitol by the 
'formula:

1.5(Ci'Ve)(rtt 

= concentration, in rrig/m1.,„ of glycerol or ribitOl in 
the Standar d salutiam 

= VI/eight, in 9, of sample taken to prepare the Sorn. 
pi • so ?titian 

es, = Peak response of glycerol or ribitol obtained from 
the Sant& soeanon 

vs = Peak response of glycerol or ribitoJ obtained from 
the Strandord wJuriOnjc6 

Acceptance criterion: 'file sum of olycerol arid ribkol is 
NMT lEts,. 

SPECIFK it $T 
a Lass CON Dawroc, /Appendix IIC C10,5" tor I h) 

Acceptance criterion: NMT 0.2% 
• Ribucim SUGARS (AS GLUCOSE) 

Sample solution: Dissolve 500 mg of sample in Z mt. ol 
water in a 211 . rnl. flask, a nd mix. 

Control solution: Transfer 2 frill of a gklCase ScrtitiOn 
containing 0 .75 mg/nit into a 20-rrst flask. 

Analysis: Add 1 mt. each of feliltng's Soluton A and of
Fehlinip S-olurrorj ji (see cupnc tartrate TS, alkaline,

000102 
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296 &WOW Monographs
	

FCC 6 

urirlor Soith4is and inclicarnic) rn hnth IN?	M i. 

fbn and the C3rittel sokition, heat to beiling, and cool. 
Accaptance citturlol: The re;ultin9 Sample :alution 
fess	than the resuting Control sootiort which 
icorm a rtd . brown prrcka.itnte_ (titAT 

• ItspInt ON 1041110N (StIlliMP ASH), Appendix IIC 
!ample: y 
Acceptance criterion: NOT 0.1% 

Enthrosinei 
CI F5od fted 14 
CI 4543C 
Class. Xanthene 

COLN	 formul3 wt 379.E6 

INS: 127	 CAS: [' 6421-68-0J 

DESCRIPT1ON 
Erythroiine occurs as a kown powder or yzinolEs. It 6 prin-
cipaily tie Malkin salt of die rnonohydrare of 
9-(3-canoxyphen4) -6-hydroxy.2,4,5,7 -tetraiodc-3H-
xanthen-S -one. It disSciveS in welter tc Tve a SdutiOn red 
at neutrality, with a ye low-brown prcipitate in acid, and 
WO a rd precipitate in base. Wien rilssolved In Corcen-
traled sulfuric aclo, It yields a brownletioi v solLtion that 
evcives iodine ano a precipitate cif the free acid when 
herted. It is hsoluble i ethanol. 

Function Cclor 
Packanho arid Storage Store in mil-closed containers. 

IDENTIFICATION 
• PP.00EtunE 

Sarni:de solution: 2 8 tigfrni. 
Analysis: Adjust the pH of twl aliquots of the Sari& 
sofution to pH 7 and pH 13. Measure tre abiorbaice 
intersities (A) and wavelength maiima 31 these solu-
tioru with a sutable UV-Asible spe:trophotoiwte.. 

Acceptance criteria: In neutral and alkaline sofutians, 
A	1117 At 577 nrr will- a 4.1-nulrirr at 490 nm 11 arid 
soluGon, a yellow-brown precipitate forrns. 

	

lobe Lard or s31d tot uSe 4 ;	hand Dm wtkattid in he LIrdoti Sintec
this coin( aicrldsvo mud ta ircen hawtt U 71m Woo cettee.d By ihn U 
Fond mud 0-Jg Admioteltzdtco I IlA) II d isnot tram an rclA.cutifiedbatm 
i$

 
ViDtd penniord color zdditiv lig food. U5! Us Sh! United SbYtes, esibn if it s 

(OPID>1.1bDtiatlf equivaleAt 11.: ;Muir FDIxt Pett ai, 3 on be appieJ tory lb 
ruA .rizAKill *pubes a n.i co— to Oho to s.t.sforrisol ;ton 't yirorroq 
to tIN nee:edified raft/tail Stn .. Iii . otatinajcirth amead mac il'41,1 HA 7 lry 
rismortrsm	 r•nriur-rtgin Clii	 olohosrE b—s;rh

ASSAY 
• TOTAL Caton, Cdcrs, 1.(ethods f art4 Acpencx111C 

'Rath methods /lust be u:rd.) 
Method I (Spectrophatometri:) 
54m1jte: 75 lu 100 nisi 
Analysis: Transfer the Somp/e into a 1 , 1 volurnetnc 

flasr, dissolve in ard dlijte to volume With water UP-
terrnine as directed at 527 rim using 0110 11(m9 cm: 
tor the absorptivity (a) sor kr/throsine. 

Method III (Cravirnetric) 
Anal/sh: Determine as direeed u:ing • .074 as tke 
gralimetric convenion factor (F) Ir ErythroJine. 

Acceptance crterlcn: Ihe average of results obtained 
from Methods and llf is NIT 87.C% total colorirq 
matters. 

1M PURI1 
Inovganle impurities 
• Anemic, Aisenk limit Fest, Appeidix 111B 

Sample solutlau Prepare as directed fcr organie 
corrpounds. 

Acceptance criterion: NOT 2 mo, 
• LIAD, lead limit fest Appendix 11B 

Sample soluticn; P-rpare as directed for oroanic 
compounds. 

Control: 10 ug Pb 110 nit of Diluted Standar/ toad 
Solution) 

Arco:Tramp rriterinn . CZAT 10 mg1103 
organic impurities 
▪ U4COPADINUI Furman) ATCS AND PTIODLICTS o Six 

ittACitoras, Cobs, Method f, Arpendix IBC 
Sample olutkm 30 mg,Ont 
Analysis: Calculate the concentratiaris cf 2-(4 -dhy-
dra›r3 ,diobenzoyfibeninic acid, bdine, 
acid, sodurn iodde, and triiodorematinol, wing the 
rut kink ly 
2-(44-Dihydroity-1,5-d1odober8.zoyl)benzcic add: 

0,047 Ving .(m) al 1 .0 rim (a Ilcd 111e salutton) 
o • 0.013211(mg .cm) at?45	 (an& 

soutior) 
Phthalic acid. a = 0.045 11(mg . cm) ar. 228 rini 
(acidic iolutipn) 

Socium Iodide: a. 0 091 Li(mg .cm) at 20 run 
(acidic iplutbn). 

Trilodoresortinol: a = 0.079 Lf(mg .cm) at 223 im 
(addic solutbn) 

Acceptance criteria 
2-(2.4-Dihydroxy-3,5-diodobenioyl)benzcic add: 

NMT 0 2% 
Socium iodide; NMT 0.4% 
Trii/rInrAvurinnI- NMI' 0 7% 
UnhalocenatR1 intermediates: Total NMT 0.1% 
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Appendix G. Comparison with Erythritol Standard 

• ;k 4 in 

SI*Mi**1r	4flf1 -tih 0.26232 i'•-•	sonil -44 

fi", di: AL 0.0245g fi ik	 '0.0339g.0 .̀,	 4 

- 

MSNUI44-:	 ,1; 01 1,1:: VI if	3 3.9893g, 1 111:# N 25m1. 

(4-Y	MI*1.:, 311 0.45 .0;1,',	PSI	 !IL 

4:	 gl 't,,J 4 a At	 1051,11.1K,IT.. 4 

intZ (Of Waters2410 4.J.1r	 : shodex RSpak KC-811 

8rnu x 	 0.6mUmin; ff:;11: 40 1.; 1413: 011-1 ;;;.; 10 0 :i 11: 1 k	 300p31.- 

Littil	 10 tJf,	 60min 

El	 ;:sfl	 -134	 .4i	 .n.ffi :44 f 	 R,t.
	

fit 0.9. t...hiii:4-13.(1.!iPi 

tit M 1,	 i 2 

Matt* 
• ;.#4 Kt	 i• 117 A•12	 4V itt "Yitt: IA Priv: -§1 

lit L.- 23 (CAY) (RA) 

C	 ifc .`lik 4; 4V 

W =	 er	 ,.Y1 rf. 

R„ = Ft . 	 M.'. 

R, = 4	 a 4i AV 41',t. :1111.1 

• t1j fit N	 : ?Al 'A 2 541	 R fl pi +0 •N	 jA 

1 rJ ct i	 J ) '1'1.101f.!

iJ jjj tIY;- 11: i VI If 	 i; 4; P,1%.j 9994%. 

61+14	 IJc fiS. a % 

1. Fr?1,:,v	r calla Polyohl-Lc. tit 3; J. 1000418P952, tit COA WJ Ii. 
2. 4 . vstil fij tTr'	Signu Corparation.. 

3. 4,Arr IV?ti	 n	 ,	 10121773	 HP;! COA

000104 
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10	T	 20 25	 XI	 51	40	4 
lime WIL) 

25	34	3	43	45	50 5‘$ 
Time *kV 

Analysi3 Reault 

Peak No. Peak Name Retention Time Penk Height Peak Arca Content 
: IS to:it..): 1. 0C 3 r M, MI 213379. 74 12 r t.754) 

2 arrthrital . 741 :0597-213 297693. 430 32 6695 
1 gt yotycl :4, lif? 2O19 t16 le.060. 34R 4517 

Total 2225.2..C.?/ -!.,G.O.n.E135 5 0.1 ROO

411. :a '1!?	 ttt	 .f I ITA IP, ;( f j. 
Fig,.1 Chromatogram of Ribitol, Erythritol and Clycerol Standards. 

Analysis Result 
Peak Flo.	 Peak name	Retention Time Peak Height	Peak Area	Content 

1	Errthrlt:rt	 l2_ To?	 SarT45. :t24	 55t..e:14.5.•	 500. 5tf>1 

Total	 5:Iff4,6...	 W6t0 31N. OX.:
	

WO. WC° 

2. f 	 14t 

Fig. 2 C hromalogram of BLB Erythritol Sample
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/All%
t wadi Po*- !.ei IL( 

amyl/	lnnor,,l Pan Orise 

!ma	14011% 

	

IA%	5 ; 5 1 Y1-1 

TO I SA 1$77M54-Ttlifl 

Cmiticate of Analy sis 

?INA uti
	

icrowr4 orythrko e." 
1.ot Nurnher	IKA)4 BF"452 

PARAMETER RF.SULT 
on Drring 

	

I i?.1 11rt!..1	1/14.i 
R tba.ot LAseercol

51.0 

Data of' nataultaclure;	1,14 
Best Before Date;	thrte Year. frean Daw fMani) fiKtuat
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-11 list	 BADUNGBAD BIOLOGY CO., LTD. 
MID() " sq, ffi NO.iD ONGWAIHUAN ROADMI-TECH DEV ELOPMENT ZONE ,YUCHENQSHANCONq CH INA 

TEL: +815-54-8918695 FAX: +36- 5)4-2126095 

CERTIFICATE 0 F ANALY SIS 

Commodity Erythritol Batch Number 10121773 

Manufacturing 
date

Dec.1712010 Quantity (kg) Sample 

Expiry date Dec.1612011 Test date Dec.17,2010 

Test According As OBJT 2985-2008 

Test Result 
Serial 

Number Test Item Standard Result 

1 Appearance White crystalline powder Eligible 

2 Odor Odorless Eligible 

3 Taste
Sweet and produces 

pooling sensation upon 
consumption

EHgible 

4 pH 5.0-7.0 5.7 

5 Metting point 119-	-123 120.6- 

G Assay % 99.5-100.5 99.94 

7 Loss on drying, % -7.0.2 0.08G 

8 Lead ppm -.- 1.0 Eng e 

9 Reducing sugar % -:. 0.3 Eligible 

10 Residue on ignition	% -7.0.1 0.0035 

11 Ribitol and Glycerol % ...-:._ 0.1 Eligible 

12 Cori of bacteria, of ufg -:_500 150 

13 Yeast & Mold cfu/g ...- 50 10 

14 Coliforms MPNig -:- 10 Eligible 

15 E.coll MPWg -. 3 Eligible 

Checker 02 Assessor 01

NOTE: At the time of the analysis, the specification for lead was 1 ppm; the specification was 
subsequently revised to <0.1 ppm.

000107 
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High Performance Liquid Chromatography of 

Baolingbao Erythritol 

Field thaw Double distilled waer 

Standani solution prepamtkn: Vieigh out 0.2623 g of erythrtol standard indict s and transfer 

the entire amouni into a 50 ml flask treasure 0.0245 g of ri,itoi stardard product and C.0331 g of 

glycerol staadard products ani transfes into the same flask. Dissolve thoroughly with doubb 

dimmed watac. Set a constantvolume co the marked scale% 

Sample solution preparation: 	 our 3.9893 g of erytritol same ?roduce anti transfer de 

entire ancont into a 25 ml flask Disolve thuoughly with doube distilled water and set a 

coattail votine on tre marked scale. Filter with a 0.45 p. membrane and ret asbk. 

Notes: Tie erythitol used above has been dried over a stove at 105*C for 4 ht 

Chromatographic system: High ?erformance chromatograpler is joined 'with a Waer 2410 

differectial 313fractive index de:ector. Chromatographk colimm Snolex RSpak KC 811 (8 ran < 

Jou Inn); tow :ate 1.1.6 tnliinin; column temperature: 	 feed =cunt: 1 .0 td; pesstre: LID

greater than 300 osi. 

Determination: After the chromatographic sysem has stabilized, pur 10 iii each of tie standari 

sontiors and sample solution prepared above and mord the chmmatogra-n for 60 mia Tie 

rrinv.sp-mrting wentirin times fnr erythritnl. glrirnl, anti ralitol are 1 11 11. nnr1 di 9. resper-ivit 

Th; staadard product chosmategnun and the mmple prodtxt chrornrcogram am shown in Figure 1 

awl Figure 2, resnecttiely. 

Calcula tion of results: 

• Erithrimi: Use the following formal to calculate the erythritol ratio in de sampe ppoduct 

Result. 23 (CW)Iltill,) 

C .R12411111 calntinn mythrinl cnwpattnt.nn meal, 

W — gampb wzight () of tho propaood sample solution 

Ku= Elythrdol Feat lesponse value cithe sampte mutton 

L Erytaritol standard pcoduct: fosm Caen MOB LLC- bitch =lbw 10G0d1RP952. we attachment for 
corespoadianCOA. 
1 Ribbol end glycerol standard product ere from Sigma Corporstiar 
3. Rtytrritol ameba mcduct .8 from Badinebao Cc. bent number 14121773 see attachment for coussrondina 
COk

000108 
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11.1 = Etythritil limb. =spume v due uf Lti staatimil minim 

• Ribitci and glycercl: As showL in Figtre Z the sibital ard gbret01 do not haw, a ?eak 

resposse untbr tivse ciucalogrrphic conditicns. Ttkir content ia the sample prodrct is ICES 

than can be measured by this nEtiod. 

Conclusions: Baolingbro goducts aid Cargil staidatd sampks are the sane. Tte mttritoi 

contact in the fangie product as caktdated by the i'ormula 9 1).91%, and the ribi:ol glycerol 

cornea is less than 0.1%. 

1. Erithrits1 standard parduct is from Drell PoVols LLC. batch number 1OGC41111c62.	 sttactrann for 
ca1undk2 COA. 
2. Rand End *card standard ?rodrot am from Sigma Corportion. 
A llaythritril attrapiat In-Am i ftnrn Flanlinahan 	 . hatch iinnthar 1111,177k tata atttchavnt fn- crstravnniing
Oak

000169 
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31", a. IBS	gANclat.‘. D DO 
C977 M. 289	-)y-160it.

171. 0300 
I OD. 000. 

&it/4r ita 2
	

L. 707 

Total

Time tail

Artely5i3 ReSUlt 

Peak No. Peak Name Retention Ti me Peak Height Peak Area Content 
3 
2 
3

ribitat 
471.5r21.1 

ystx41

gi 
1.	nT 
Li, '07

I r in. 55.1 
LEW'. l3 
20L1-

1'831'9 szu 
1.17er,d2.. cis 
34 06$,

7.4754 
LT, USG 

Total L. M11 !2.. 3etir.4. &CS wo

Fig= 1. Cargill Erythritol Adckd to Glyceml and Ribitol Standard Products 
Figure 1 Chroma togram of RIbltol, Erythrttol and Glycerol Standards 

0	0	t)	15	2025	30	35	40	05	00	5 
Tuna Ito) 

Anatycle Remit 
Peak No.	Peak Name Retention Time Peak Height	Peak Area	Content 

Egure Z Baolingbao Erythritol 
Figure 2 Chromatogram of ELB Erythrltol Sample 
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carol-

Certificate of Analysis 

rru‘kal	/croiemerythruA 1 of 
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BAOIRIGBAO BIOLOGY CO., 110. 
0	 ji NO.1 DONEWNHUAN ROAD HFTEOH DENELOPMBYT ZONE,YUCHI4 E3-IAN}ONACHINA 
irok.  

1EL: +86.534-09B69d FAX: +86534-2125095 

CERTIFICATE OF ANALYSIS 

Consnotity 

Mantfacturing dat

Eryttritol 

Del 17. 2010

Bath Number 

Quainitv (10

:0121773 

Saawk 

Expiry clat Dec 16, 2011 Test daW Dec. 17, 2310 

Pest according to 011T 2?85-200/3 

• .0st Hesuu 

Serial 
Nurnkr

Test Item Standard Resin 

Appearanm White crystalline powder Eligih 

2 odor odorless Eligkle 

Tana,
Sgil Mdprolures cooling 
sensation won coasunption

lilighla 

4 pil 5.0-7.0 5.7 

3 Mehhig pint 119-123 120.5* 

6 Assay 90 99.5-100.5  

7 Lass :In drying, 46 < 0.2 1066 

8 Lead, ppan < 1.0 Eligi51e 

9 Reducing su	9;6 < 0.3 Eligibk 

IC Residue on igmties, % < 0.1 0.0035 

11 Ribited and glyeard, (X, <0.1 laigibIe 

12 Coat ol bacteria, clufg < 500 150 

12 Yesst and mold, efileg -- so 10 

14 Coliforms, WPM .:- :0 laigi) 

I 4 P cnli, AWN/g Pliginlz: 

Checkgi 02 Assessor 01
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Appendix H. Identification of Yarrowia lipolytica 

INSTITUTE OF MICROBIOLOGY 
CHINESE ACADEMY Of SCIENCES 

Identification Report Form
Nt .') 2( It 0. 

Pogt; 1 01 1 

"A:1:- L.1	4 
1:rorn:	Riiolinabao Rioloop C°11, 

1 4 I+	'A 

\ Lame ol sample: 	VL-ILA. CLII tun,  
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Amount &	CUM( (.." No. 1431 
As 0:1,y 

Identified by (sip)	

0111* t 119 -4i: (E%periotro t% pc rfiorroeill:

Morphological c ha rad crira lion: I . hc cult lift' is purc: colonic: arc crcant, hittyrous to 
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1314-11.{4I 
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INSTITUTE OF MICROBIOLOGY 
CHINESE ACADEMY OF SCIENCES 

Identification Report Form 

(2010) Weijianzi No. 073 (No. 2010- ) 
Pa I of 1 

Sent by;	 Baolingbao Biology Co., Ltd, 
Sample name: Yeast culture 
Sample quantity: 1 strain 

CGMCC No. 143 1	 Dat sent	 04.0011201 0 
antified by (sign): [signature: illegible] 	 Identification test performed by (sign): [signattne; 
illegible] 

Result of species identification: 

Colony and cell molphological observations and ribosome ITS atea quencing mere perforard 
on a strain of yeast sent by kaolingbao Biology Co., Ltd. The amilysis results sItowett that the 
morphological. characteristics of the strain are entirely consistent with the Candda lipolyika standard 
description, and tie base Equal ce rate of similarity of the ITS area with Candida lipoloka ATCC 9773 is 
100% (see Attachment / for comparison results). Based on this, type ideritification was carried out on the 

yeast strain sent. 

NiorphologicAl haract4rIi4tu1n I he whine pure; colonies are eream. hat:« roust tot 

mcmhranowc vegetathe ,Ccils are ellipsoidal to elongate and multilateral hudding:, psktudoir_k, phae-

and true tr2 phuc are present. 

rDNA ITS %raitiencr rompArion: I hr I l; .;I I S1 -5 8S-I IS21 Tvgiim	 qu i.- t -;11tint 

(INC(' No, 143 I determined k identical, I, 1.,1 that of tri ir i 'andider Ji, Ivu. a A It'U 4)771 

aux. n. Inc ni

[Seal: Chnrse Academy of Scknces, Institute of Ivlicrobiob3p, Identification Testing &al] 

Itbatification Testing Results: 

Candida Iipolytica (F. C. Harrison) Diddens & Lcdcbr 

Chirese Academy of Scencess, Institute of Microbiology, CAS 
(seal) 
[Seat Chinese Academy oi sctnces„, Institute of 
Microbiology, Identification Testing Seal] 

Date: 0423/2010

000115 
Prepared for Baolingbao Biology Co. Ltd

	 Page 113 of 127 
1002988.000 GOTO 0511 0001



Attachment 1 

rDNA ITS area sequence of strain CGMCC No. 1431 

g Igg1 gaitt" 

1.1 titcagegt 

cgal •aatt,:in 

lltgitaCgcd 

tcla.ggteg 

1 etec t (711.!

ctgc.4.c,;t1 112,;4, ;:t.1.tt t;til 1g	 tii1t	 111 gt;1	t	 Ix tt.til le T. 

11,1;11 1 1. 1.1it	 7	it	I.	 ggoit,' 1 r 1{4 get et(NIC;it 

1 . • i.y. c;tg.1 - g4titc cgt.;1tk1tli. t t g 1.g1c	 gcugr t	 C

f,aatL4Crivgg taLgKcitttC cHt;tecgeiw iqgitt!!,gni.4g'd gcgtglIccc 

cut	 t g1i11 gga	 1 LI 

'll t)t..L1	 't	 t ill 1 ad,t41.-,11	 :tag(' 

Seqtencing comparison between sent strain and ATCC 9773 (GenBaak accession number: 07252544 

Wtir	 Nut.	 Lit, SI:jit:	 ,ITIX	 iirt,	 till hi 1• 13501 , I i i,c1	 .0 

1	nt t i	 2;111 11(10.11), i..; t p-;	 013 :0 (01') 

likri IC lc,110M ill ■i f ,111 RI 64) 

Art At	Arlin :V2t -1(1U LItitlit. •r:"AM 4.1,11,0.! ! I I'Wit 1i . it 4t'll 

YLicii	MI At 1.1,11.1( 1,1 1 1 ii"11 -RANI rxr:i...u,T 1.:1	 LL	 121i 

.1411 , ry	121
	

1'iV1i .u	 Alt	 'Arfit■I li MLR 

rt	 trA	 181) 

It.k,rA111.	LL1." ott.	 kit	2112 

;.1-..ict	s:t	TITGAACifkilit i A rkdtC	i Ii,fl .AH -411,141	 24(it 

211	ILTLit1ti 5t1r A	 At 11111. A.4 1.411 i rti1.1,11 T1:110.- it itd 	 L.Lx 

ht	 211	 ICNI.,1.1.ft l it iAriit ITD.1- 1 1.1.10L11(itit11111111A 1A4-1t1V.ViTr U 1 v..11 'di	14)11 

141.111,1' 151
	3111	1C .1.1 I	( -TWA rt .\c;1 1A L	11;00,1LAXI.Wit, 

1011i , u p; 1 1 IC.41 t	 V..".TIALLAi L t, 4, VICI it',IWATAR - xATAN,C ./A 

Chimse Academy of Scnces, Institute of Microbiology, Idernificatlon Testing Seal] 
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Fungi ,Yeasts and Yeast Genetic Stock 

ATCC® Number: 

Preceptrol® Culture 

Organism: 

Alternate State: 
Designations: 
Depositors: 
Biosafety Level:  

Shipped:

9773Tm	 Order this Item	 Price: 

Yarrowia lipolytica (Wickerham et al.) van der Walt et von 
Arx, teleornorph deposited as Mycoderma lipolytica 

Candida Iipolylica (Harrison) Diddens et Lodder, anamorph 
251 [CBS 2072, 1E0 1742, KCM-02321 
PR Burkholder 
1 
freeze-dried 
ATCC medium 200:  YM agar or YM broth Growth Conditions. ' Temperature: 24.0°C

$40.00 

Related Links P. 

NCB! Entrez  
&ugh 
Make a Deposit  
Frequently Asked 
Ouestions  

Material Transfer 
Agreement  
Technical  
Support 

Related Products  

In aldition to the MTA mentioned above, other ATCC 
and/or regulatory permits may be required for the transfer of 
this ATCC material. Anyone purchasing ATCC material is 
ultimately responsible for obtaining the permits. Please cIkk 
here for information regarding the specific requirements for 
shipment to your location. 
control strain for identification 1363201 
quality control strain [921801 
Growth factor UM 
Yeasts 
490: et al, Burkholder PR. Studies on some growth factors 
of rasts. J. Bacterial. 48: 385-391, 1944. 
363211 Espinel-Ingroff A, et al Comparison of RapID yeast 
plus system with API 20C system for identification of 
common, new, and emerging yeast pathogens. J. Clin. 
Microbiol 36: 883-886, 1998. PubMed: 9542903  
92180: VITEK YBC. :bioMerieux 
16173321: Knutsen AK, et al. Polyphasic re-examination of 
Yarrowia lipolytica strains and the description of three novel 
Candida species: Candida oslonensis sp. nov., Candida 
alimentaria sp. nov. and Candida hollandica sp. nov. Int J. 
Syst Evol. Microbiol. 57: 2426-2435, 2007. PubMed: 
17911320

Permits/Forms: 

Applications: 

Comments: 
Subcoliection: 

References:
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Appendix I. Safety Evaluation of Erythritol produced by Yarrowia lipolytica 
CGMCC No. 1431 Using the Pariza and Johnson (2001) Decision Tree 

The decision tree published by Pariza and Johnson was developed to evaluate the safety of 
microbial enzyme preparations. In this instance it is used to evaluate the safety of erythritol that 
was produced by Yarrowia lipolytica CGMCC No. 143. Steps that do not directly pertain to this 
evaluation are omitted. 

Step 1. Is the production strain genetically modified? 
Answer: NO (if no, go to 6) 

Step 6. Is the production strain derived from a safe lineage, as previously demonstrated by 
repeated assessment via this evaluation procedure? 

Answer: NO (if no, go to 7) 

Step 7. Is the organism nonpathogenic? 
Answer: YES (if yes, go to 8) 

Step 8. Is the test article free of antibiotics? 
Answer: YES (if yes, go to 9) 

Step 9. Is the test article free of oral toxins known to be produced by other members of the same 
species?

Answer: YES (if yes, go to 11) 

Step 11. Is the NOAEL for the test article in appropriate oral studies sufficiently high to ensure 
safety?

Answer: YES* (if yes, the test article is ACCEPTED) 

*The erythritol product is substantially equivalent to erythritol products already determined to be 
GRAS (filed as GRN 76 and GRN 208). Therefore, the erythritol "test article" meets the NOAEL 
requirement and is ACCEPTED.
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Exhibit 1. Report of the Expert Panel
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OPINION OF AN EXPERT PANEL ON THE GENERALLY 
RECOGNIZED AS SAFE STATUS (GRAS) 

OF ERYTHRITOL FROM YARROWIA LIPOLYTICA IN SELECT FOODS 

Introduction 

The undersigned, an independent panel of experts, qualified by their scientific training and 

relevant experience to evaluate the safety of food and food ingredients, was requested by 

Baolingbao Biology Co., Ltd., to determine the safety and Generally Recognized as Safe 

(GRAS) status of erythritol, produced via the fermentation of glucose by Yarrowia 1ipo1ytica, 1 in 

select foods. The intended uses of erythritol produced from Yarrowia lipolytica are identical to 

the existing GRAS uses of erythritol produced from Moniliella pollinis or Trichosporonoides 

megachiliensis and are up to the specified maximum levels in the following categories of foods: 

reduced- and low calorie carbonated and non-carbonated beverages (3 5%); dairy drinks 

(chocolate and flavored milks) (3.5%); frozen dairy desserts (regular ice cream, soft serve, 

sorbet) (10%); puddings (instant, phosphate set) (10%); yogurt (regular and frozen) (10%); 

bakery fillings (fruit, custard, cream, pudding) (15%); cakes and cookies (regular and dietetic) 

(15%); fat-based cream used in modified fat/calorie cookies, cakes and pastries (60%); chewing 

gum (60%); soft candies (non-chocolate, plain chocolate, chocolate coated) (60%); hard candies 

(including pressed candy, mints and cough drops) (99%); and sugar substitutes (carrier) (100%). 

The functions of erythritol in food include flavor enhancer, formulation aid, humectant, nutritive 

sweetener, stabilizer and thickener, sequestrant, and texturizer. Literature searches bearing on 

the safety of 1. lipolytica for use in the production of erythritol (through March 2011) were 

conducted by Exponent and these were summarized in a dossier "GRAS Determination for the 

Use of Erythritol from Yarrowia lipolytica in Select Foods". The safety information on erythritol 

reviewed in the previous determinations of GRAS status (filed as GRN 76 and GRN 208) was 

briefly summarized in the dossier. A search of PubMed for information related to the safety of 

crythritol published sincc 2006, thc year of the most recent Notification to FDA of the GRAS 

status of erythritol under its intended conditions of use, also was conducted by Exponent and 

findings arc summarized in the dossier. The Expert Panel members reviewed the safety 

The yeast Yarrowia lipolytica was previous classified as Candida hpolytica. 

1 
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assessment dossier prepared by Exponent and other information deemed appropriate and 

necessary and agreed to the decision described herein. 

Description 

Erythritol (C4H1004; CAS No. 149-32-6), or 1,2,3,4-Butanetetrol, is a naturally occurring 4- 

carbon sugar alcohol that has a sweetness of approximately 60 to 80% that of sucrose. It is 

found in commonly consumed fermented foods and some fruits such as watermelon, pears, and 

grapes. Erythritol has a history of use as a food ingredient in Japan and other countries around 

the world. It is used in foods primarily as a low calorie sweetener, though it also provides 

technical functions in foods including flavor enhancer, formulation aid, humectant, stabilizer and 

thickener, sequestrant, and texturizer. 

The safety of erythritol for use as an ingredient in food has been extensively reviewed and 

evaluated. The GRAS status of the uses of erythritol in a variety of foods, including uses 

identical to the uses proposed for erythritol produced from Y lipolytica, was previously 

established based on information available in the publicly available literature. These levels of 

erythritol in the U.S. food supply were determined to be safe and first recognized as GRAS by a 

Panel of Experts qualified by scientific training and experience in 2001, and again in 2006. The 

erythritol product that is the subject of this GRAS determination meets appropriate food-grade 

specifications, currently published in the in the Food Chemical Codex ("FCC") VI (FCC, 2008) 

monograph and is substantially equivalent to the erythritol that was the subject of GRN 76 and 

GRN 208, both acceptable to the USFDA. 

The yeast Yarrowia lipolytica was originally classified as Candida since no sexual state had been 

described. Following the identification of the perfect form (sexual stage), it was reclassified 

several times, and finally as Yarrowia lipolytica. The organism is referred to as both Candida 

lipolytica and Yarrowia lipolytica in the literature. Analysis of the genome sequence of Y. 

lipolytica revealed that it is very distantly related to other yeasts, and instead shares a number of 

common properties with filamentous fungi. 

Yarrowia lipolytica has a history of consumption as a naturally occurring organism in various 

foods. Y. lipolytica is isolated from foods and natural environments. Food products in which the 

2
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organism has been found typically include products with a high concentration of fat and protein 

such as dairy products (including cheese), shoyu (soy sauce), poultry products, sausage, and 

salads containing meat or shrimp. Yarrowia lipolytica is permitted as a secondary direct food 

additive for fermentation production of citric acid that may be used in food for human 

consumption (21 CFR 173.165). The use of eicosapentaenoic acid (EPA)-containing oil derived 

from modified 1'. lipolytica in select foods was recently determined to be GRAS by Du Pont 

Applied BioSciences (filed as GRN 355); FDA was notified of the determination and responded 

with a letter of no concern. The organism is used in the production of food flavors as well as 

numerous industrial applications. 

Manufacturing Process 

Erythritol is produced through fermentation of glucose catalyzed by the yeast Y. lipolytica. 

Following the fermentation, the resulting erythritol is purified through a series of filtration, 

concentration, and crystallization procedures. All materials used are documented as approved 

for food use. 

The fermentation step begins with sterilization of the fermentation tank by steam. Glucose, yeast 

extract, KI12PO4, a defoarner, magnesium sulfate, and ammonium citrate (aqueous ammonia + 

citrate) are transferred to the fermentation tank via continuous sterilization equipment and C. 

lipolytica is transferred into the tank under aseptic conditions. Conversion of glucose to 

erythritol by Y. lipolytica occurs through an aerobic fermentation process. Throughout the 

fermentation, the temperature in the tank is maintained between 25 and 37°C. 

Following the fermentation step, the fermentation solution is filtered through a membrane to 

completely remove microbial cells. The microorganisms captured in the membrane filtration are 

killed in a heat treatment step (80° C for 30 minutes). The resulting clear solution from the 

filtration step is concentrated under reduced pressure to a concentration of 40-60%. Through 

cooling the solution, the erythritol is crystallized_ The erythritol crystals are then separated from 

the crystal-containing slurry via centrifugation. Activated carbon is added to the redissolved 

solution for decolorization, and the solution is demineralized using ion-exchange resins. The 

resulting liquid is then concentrated via a second concentration step followed by vacuum 

concentration and recrystallization. Erythritol crystals are separated from the crystal-containing 

3
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slurry via centrifugation and solid erythritol is obtained. A vibrating fluidized bed dryer is then 

used to dry the crystals, and a mesh screen is used to obtain crystals of the desired particle size. 

A magnetic separator is employed to ensure that no metal fragments are present in the erythritol 

crystals. The final erythritol product is packaged in bags. The erythritol product meets 

appropriate food-grade specifications, currently published in the in the Food Chemical Codex 

("FCC") VI (FCC, 2008) monograph. 

Functionality 

The functions of erythritol in food included flavor enhancer, formulation aid, humectant, 

nutritive sweetener, stabilizer and thickener, sequestrant, and texturizer. The intended uses of 

erythritol produced from Yarrnwia lipolytica are identical to the existing GRAS uses of erythritol 

produced from M. pollinis or T. megachiliensis and are up to the specified maximum levels in the 

following categories of foods: reduced- and low calorie carbonated and non-carbonated 

beverages (3.5%); dairy drinks (chocolate and flavored milks) (3.5%); frozen dairy desserts 

(regular ice cream, soft serve, sorbet) (10%); puddings (instant, phosphate set) (10%); yogurt 

(regular and frozen) (10%); bakery fillings (fruit, custard, cream, pudding) (I5%); cakes and 

cookies (regular and dietetic) (15%); fat-based cream used in modified fat/calorie cookies, cakes 

and pastries (60%); chewing gum (60%); soft candies (non-chocolate, plain chocolate, chocolate 

coated) (60%); hard candies (including pressed candy, mints and cough drops) (99%); and sugar 

substitutes (carrier) (100%). 

Exposure 

Given that the intended uses of erythritol are identical across all sources of erythritol (i.e., 

produced by fermenting glucose using either C. lipolytica, M. pollinis, or T. megachiliensis), the 

previously calculated estimates of erythritol intake (2001 and 2006) provide valid estimates of 

potential intake of erythritol produced from C. lipolytica. The estimated average per user mean 

intake of all intended uses of erythritol is 13 g/day, and the per user 90th percentile intake is 30 

g/day.2 

2 As calculated by FDA and noted in the response letter to GRN 76. 

4
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The maximum proposed use of erythritol in beverages including reduced- and low-calorie 

carbonated or noncarbonated beverages and dairy drinks [chocolate and flavored milks] is 3.5%. 

Assuming young children age 2-6 years consume a 240 mL beverage serving during an eating 

occasion, the maximum erythritol intake is 8.4 g per occasion, which is equivalent to 0.56 mg/kg 

bw per occasion assuming a default body weight of 15 kg. Likewise, assuming a person in the 

U.S. population age 2 years and older consumes two beverage servings during a single eating 

occasion (480 mL), the maximum erythritol intake is 16.8 g per eating occasion, or 0.28 mg/kg 

bw per eating occasion assuming a default body weight of 60 kg. 

S afety Data 

The safety of erythritol has been reviewed by the FDA, the WHO/FAO Joint Expert Committee 

on Food Additives (JECFA) and the Scientific Committee on Food (SCF) of the European 

Union, and has been the subject of review by several GRAS Expert Panels. A comprehensive, 

critical review and summary of the biochemical, metabolic, toxicological, and clinical data was 

published by Munro et al (1998). The previous safety determinations of erythritol were based on 

published results of acute, subacute, and chronic oral toxicity studies in rats, mice, and dogs and 

studies conducted to assess the potential carcinogenicity, reproductive and developmental 

effects, genotoxicity, metabolic fate, and human tolerance. 

Results of studies in both animals and humans demonstrated that erythritol is quickly absorbed, 

is not metabolized systemically, and is excreted unchanged in the urine. Based on studies in 

humans, approximately 90% of the ingested erythritol is absorbed, leaving up to 10% of the 

ingested erythritol potentially available for fermentation by the colonic microflora. Results from 

in vitro incubation studies suggest that colonic fermentation of erythritol in humans is unlikely. 

Because the absorbed portion of erythritol is not systemically metabolized, it does not contribute 

to the caloric load. 

No adverse toxicological effects were reported in studies in which animals consumed up to 20% 

erythritol in the diet. Treatment of animals with high doses of erythritol was associated with 

some physiological changes including transient diarrhea, increased cecal and kidney weights, 

increased water consumption and urine output, and minor changes in some urinary parameters. 

No histopathological evidence of toxicity was observed, however, and the effects reversed after 
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cessation of exposure. The observed effects were considered to be physiological responses to 

high loads of poorly absorbed low molecular weight compounds and not toxicologically 

significant. Additionally, there was no evidence that erythritol has any carcinogenic, mutagenic, 

or teratogenic potential, and no effects on reproductive performance or fertility were reported. 

A laxation threshold for erythritol cannot be clearly identified in clinical studies. In clinical 

studies of erythritol, some minor, transient gastrointestinal effects were observed, though only 

after intake of a large acute bolus (liquid) dose and/or intake on an empty stomach. The 

available data suggest that the threshold for laxation may be approximately 1 g erythritol/kg 

bw/day or more in divided doses in foods and beverages. When consumed in a bolus dose, the 

available data suggest that the threshold for laxation of erythritol may be in excess of 0.6 to 0.8 g 

erythritol/kg bw per occasion. Intakes of up to 1 g erythritol/kg bw/day in divided doses also 

were not associated with meaningful adverse renal effects. An intake of 1 g erythritol/kg bw/day 

corresponds to a daily intake of 60 g erythritol for a 60 kg adult. 

The previous GRAS determinations also were supported by safety evaluations of erythritol 

conducted by JECFA and SCF. JECFA (2000) evaluated erythritol produced from glucose or 

sucrose by fermentation with either M. pollinis or T. megachiliensis and assigned it an 

Acceptable Daily Intake (ADI) "not specified" for use as a sweetening agent. An ADI "not 

specified" is applicable to a food substance of very low toxicity which, on the basis of the 

available data (e. g., chemical, biochemical, toxicological), the total dietary intake of the 

substance arising from its use at the levels necessary to achieve the desired effect and from its 

acceptable background in food does not, in the opinion of JECFA, represent a hazard to health. 

In 2003, the Scientific Committee on Food (SCF) of the European Union reviewed available data 

on erythritol and concluded that the use of erythritol as a food additive is acceptable. Consistent 

with the Committee's earlier opinion on other polyols, it was determined inappropriate to 

establish a numerical ADI for erythritol. 

Information in the published literature since 2006 regarding the safety of intake of erythritol was 

identified. Additional tolerance studies of erythritol were identified, and findings from these 

studies continue to support the safe intake of erythritol under the GRAS conditions of use. 

6 

Prepared for Baolingbao Biology Co. Ltd
	 Page 124 of 127

	 000126 
1002988.000 GOTO 0511 0001



Yarrowia lipolytica is non-pathogenic in the generally healthy population, though recently the 

organism has been identified as an emerging opportunistic pathogen in compromised individuals. 

No reports implicating Y. hpolytica as a pathogen in healthy individuals were identified in 

searches of the literature. No evidence of toxicogenic or pathogenic potential from the use of Y. 

lipolytica in the production of food ingredients has been identified in the literature. Yarrowia 

lipolytica, strain CGMCC No. 1431, is not a GMO (Genetically Modified Organism). The 

specific strain of Y. hpolytica used in the production of erythritol is maintained using methods 

suitable for maintenance of yeasts used in the production of food ingredients. Following the 

fermentation step in the production of erythritol from Y. lipolytica, the fermentation solution is 

filtered through a membrane to remove microbial cells. The final product therefore does not 

contain any Y. lipolytica. 

An analysis of the production strain Y. lipolytica CGMCC No. 1431, employing guidelines 

established to evaluate the safety of microbial enzyme preparations for use in food processing, 

concluded that this strain is an appropriate production organism for the production of erythritol 

intended for use as a component in food, because the erythritol product produced using this strain 

is substantially equivalent to erythritol products already determined to be GRAS (filed as GRN 

76 and GRN 208) 

Summary 

Our summary resulting from this critical evaluation is presented below. 

• Identity. The substance that is the subject of this Generally Recognized as Safe (GRAS) 

determination is erythritol, produced via the fermentation of glucose by Yarrowia 

hpolytica. Appropriate product specifications have been established (Food Chemicals 

Codex (FCC) VI, 2008) and the proposed products meet FCC specifications for food use. 

• History of consumption. Erythritol has a long history of safe use as an approved flavor 

enhancer, formulation aid, humectant, nutritive sweetener, stabilizer and thickener, 

sequestrant, and texturizer. 

• Intended use. The intended uses of erythritol produced from Yarrowia hpolytica are

identical to the existing GRAS uses of erythritol produced from M. pollinis or 7'. 
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megachiliensis and are up to the specified maximum levels in the following categories of 

foods: bakery fillings (fruit, custard, cream, pudding) (15%); cakes and cookies (regular 

and dietetic) (15%); chewing gum (60%); dairy drinks (chocolate and flavored milks) 

(3.5%); fat-based cream used in modified fat/calorie cookies, cakes and pastries (60%); 

hard candies (including pressed candy, mints and cough drops) (99%); frozen dairy 

desserts (regular ice cream, soft serve, sorbet) (10%); puddings (instant, phosphate set) 

(lOA); reduced- and low calorie and non-carbonated beverages (3.5%); soft candies 

(non-chocolate, plain chocolate, chocolate coated) (60%); sugar substitutes (carrier) 

(100%); and yogurt (regular and frozen) (10%). 

• Estimated daily intake. The estimated average per user mean intake of all intended uses 

of erythritol is 13 g/day, and the per user 90th percentile intake is 30 giday. Estimated 

hypothetical maximum bolus dose intakes of erythritol from beverages are 0.56 g/kg bw 

per occasion for young children age 2-6 years, and 0.28 g/kg bw per occasion for the U.S. 

population age 2 years and older. 

• Safety. The safety of erythritol for use as an ingredient in food has been extensively 

reviewed and evaluated. The general recognition of safety for the uses of erythritol in 

foods was based on a critical review of data and information in the published literature. 

A comprehensive, critical review and summary of the biochemical, metabolic, 

toxicological, and clinical data was published by Munro et al (1998). The safety of 

erythritol for use in foods was established based on results of acute, subacute, chronic 

oral toxicity studies in rats, mice, and dogs; results of studies conducted to assess the 

potential carcinogenicity, genotoxicity, teratogenicity, and reproductive effects; 

absorption, distribution, metabolism, and excretion; and human tolerance. FDA was 

notified of the GRAS determinations for the above uses of erythritol, first in 2001 and 

again in 2006, and responded with no objection letters regarding the assessments. 

Comprehensive safety reviews of erythritol also were conducted by the Joint FAO/WHO 

Expert Committee on Food Additives (JECFA 2000) and the Scientific Committee on 

Food (SCF) of the European Union (SCF 2003). Findings from a review of the recently 

published literature continue to support the previous assessment of the safety of these 

uses of erythritol. The uses of erythritol remain GRAS and the intended uses of erythritol 

produced via the fermentation of glucose by Yarrowia lipolytica are therefore GRAS. 
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0 / 
Date

1A,A,43 .)_011 

Conclusion of the Expert Panel 

We, the undersigned members of the Expert Panel, have individually and collectively 

critically evaluated published and unpublished data and information pertinent to the safety of the 

intended uses of erythritol produced via the fermentation of glucose by Yarrowia lipolytica, and 

unanimously conclude that the intended uses in select foods of the proposed erythritol product, 

produced consistent with cGMP and meeting appropriate food-grade specifications described 

above, are safe. 

We further conclude that the intended uses in select foods of the proposed erythritol 

product from Yarrowia lipolytica produced consistent with cGMP and meeting appropriate food 

grade specifications described above, are Generally Recognized as Safe (GRAS) based on 

scientific procedures. 

It is our opinion that other qualified experts would concur with our conclusions. 

Signatures 

-J9seph Borzellec , Ph.D. joef 
Professor Emeritus of Pharmacology and Toxicology 

(---z Virginia Commonwealth University School of Medicine 
Richmond, Virginia

Michael W. Pariza, Ph.D. 
Professor Emeritus- Food Science 
University of Wisconsin 
Madison, Wisconsin
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