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Results

O Table 1 shows KE from various sources and culture conditions and their corresponding chemical composition.
O Table 2 depicts the chemical constifuents with highest concentrations from the various KEs with their Cramer Toxicity Class and default dermal penetration values.

— KE from different sources have varying chemical composition. The highest level of a particular constifuent was chosen for safety evaluation to be most conservative.
O Table 3 provides the Margin of Safety when KE is used at 3% in a face cream and constituents compared to their respective TTC limits.

— Some of the chemical constituents in KE can be justified for use based on TIC.
O Table 4 presents the Margin of Safety for constitfuents that exceeded their TTC exposure limits when compared to reference exposure values.

— For the constituents of KE that exceeded their TTC limits of exposure, their levels were justitied using NOEL, NOAEL and ADI values.

) ) | O Table 5 shows the results of the in vifro and in vivo evaluation of a face cream with 3% Kombucha Exfract.

\T/SgTT;erebo[?TEﬁlchErE ggre?fﬁg(e:xrgln?jlexgt;nsdoISSIES (Tf(r)c?rlwrtw) OE);’I(SfSIrTEge\?vﬁ;wdTchrgsirzolee\/c?uLIJSrh\?vnesigvkvmfr\?veegrf&rgje% 2;:&2?'6' — The estimation for skin irritation was evaluated using the validated EpiSkin model. The viability of 79.8 £ 9.2% indicates the face cream formulation containing Kk at 3% is potentially non-irritating 1o the skin.
dermal penetration. An exposure calculation for each KE constituent was done for a face cream at a use level of — The estimation for ocular irrifation was evaluated using the validated BCOP model. The score of 1.0 £ 1.1 implies the formulation is potentially mildly irritating to the eyes.

3%. The exposure was then compared to allowable levels of systemic exposure for each constituent. Results from in T e : : : ETRTR ] .
siico analysis verified some of the KE consfituents were af a safe Use level. An in vifro EPISKIN assay with the 3% KE ne HRIPT was utilized to confirm the tolerance of the face cream to the skin. Based on the results the product is expected to be non-irritating and non-sensitizing when launched on the market.

face cream demonstrated it would not be a skin irritant. A clinical study revealed the face cream was neither o
skin irmtant nor sensitizer. Therefore, WoE approach is very useful in confirming the safety of a cosmetic ingredient in
a product prior to market launch.

ABSTRACT

Kombucha Extract (KE) is derived from the fermentation of yeasts and bacteria with black tea, sugar, etc. It is used
IN a variety of cosmetic products. As Kombucha Teaq, it is consumed as a beverage in many parts of the world and
thought to exert a number of therapeutic benefits In metabolic diseases, arthritis, psoriasis, constipation, indigestion,
nypertension, etc., although there is no strong scientific evidence to support such claims. It is considered beneficial
to the skin, helping to maintain moisture and elasticity so It appears more even in tfone and texture. The KE
components vary with the species of bacteria and yeasts, fermentation time, quantity of substrates in culture and
exposure conditions. Being a complex mixture, safety data is not readily available, so we utilized a weight-of-
evidence (WoE) approach to support its safe use in personal care products. This evaluation entails an initial in silico
screening, read-across review, in vitro skin irritation estimation, establishing allowable exposure values based on TTC,
and a clinical study to confirm skin tolerance. A literature review on KE indicated 10 principal constituents with small
variations in composition due to source of the extracts. The toxicity class was established by the Cramer rules using

Table 1: Levels of Major Chemical Constituents in Kombucha Extracts from Various Sources

Harmonic Harvest Diane Minden Natural Kombucha Farms Kombucha Manna Avalon Springs Kombucha Magic Laural Farms Paper Ships
Compound Ariana Estelle, Ph.D. Ed Laughlin Beverly Ferguson Lisa Bijit Mushroom Farms
Infroduction C D E F D E L M N P Q R S HH-1 HH-3 GG GG-1 PS
O Kombucha is a yeast and bacteria fungal symbiot. It is derived from the fermentation of yeasts G'“iosg”?'”e 8'?: g'i‘:’ 038 021 8?;’ 028 8 022 00.1]1 033 028 00'326 8'?: 022 oO S'Z; 8'(])2 8'29
and bacteria with black tea, sugar and other ingredients. The typical microorganisms used are the SXO 'E acid - . o g ; i . - s . -~ o n o o 0656 - 0'62 o.gj
Saccharomyces and Xylinium strains. The resulting filtrate is called Kombuch tea which is a popular ACChare aeie ' ' ‘ ‘ ' ' ' ' ' ‘ ‘ ‘ ‘
. . o Glucuronic acid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 N/A
beverage around the world and has been reported to have potential therapeutic benefits for —
arthritis, psoriasis, constipation, indigestion, hypertension, efc., although not scientifically 2-keto-gluconic acid 0 0.99 0.13 0.93 0.99 0.13 2 1.5 0 0.75 0.69 1.1 0.61 0.19 0.47 0.87 1.8 0.36
‘ bs’rorlm’ric o] Tﬁe Sreong| cére dust ,ses e feq als Kom”b cha Extract (KE) for its skin 5-keto-gluconic acid 0 0 0 0 0 0 0 1.1 2.3 0.69 0.34 0.46 0.79 0.51 0.23 0.92 1.8 0.2
v dition: ‘ ’r'p Jstry U v ac OF 115 5K Gluconic acid 2.82 3.6 2.71 4.81 3.6 2.71 7.84 7.8 18.03 7.6 7.5 14 12.08 3.4 3.35 6.64 7.21 2.21
conaiioning Properties. Fructose 6.3 24.02 25.09 44,02 24.02 25.09 21.06 21.03 9.07 40.06 3301 44 37.06 32,01 20.67 15.03 17.04 22.09
O From a nutritional perspective, KE consists of water, carbohydrates and proteins. However, Succinic acid 0.29 0.39 0.21 0.34 0.39 0.21 0.37 0.35 0.69 0.56 0.45 0.34 0.16 0.37 0.4 0.3 0.3 0.3
additional components are present and include glucosamine, oxalic acid, saccharic acid, taconic acid 0 0.14 0 0 0.14 0 0.38 0.53 0.46 0.47 0.31 0.68 0.65 0 0 0.49 0.24 0
glucuronic acid, gluconic acids, succinic acid, itaconic acid, acetic acid, efc. The chemicadl Acetic acid 3.2 4.6] 3.83 2.72 4.6] 3.83 2.1 1.7 12.1 4.5 5.5 1.5 3.9 2.8]1 5 8.61 3.4 4.4
composition of KE can vary with the microorganisms used as well as culture conditions. . .y .
Letters indicate ferment sample ID in mg/ml
O Adequate safety data is not always available on extracts or their various chemical components. Highest level per chemicall
Proper characterization of the extract and its numerous chemical constituents allows the safety
Qssessor to estimate ’rh.e toxicity clqgs and dermal penetration .of each active che.n.nlcol and/or Its Table 3: Margin of Safety using TIC for Kombucha Extract Constituents
class. Since the chemical composition of KE can vary depending on culture conditions, the safety Table 2: Cramer Classification and Physicochemical Properties of the Major Constituents in Kombucha Extract when used at 3% in a Face Cream
evaluation of the extract must take into account all of the differences in the levels of the various
active constituents. Compound CAS Number | Level (mg/ml) Level (%) Cramer Molecular Log Kow Water Solubility Default Compound Cramer Cramer Exposure Exposure MOS
. . . o . Class Weight (mg/m?) % Absorption Class (mg/day) (3%, mg/day)
O For this .pos’rer an extensive literature search was done to .035|m|lo’re. qg’ro on the chemical Glucosamine 3416-04-8 0.7 0.071 " 179 1707 40 1000 A0 Glucosamine m 018 006816 X
Ccomposifion and safety of KE. There was one 90-day sub—chrc?plc orc:l foxicity sfudy In rats reppr’red Oxalic acid 1 44-60-7 055 0055 | 90.0338 599 590 40 Oxalic acid | 1.8 0.0528 341
in the literature, but the chemical composition of the KE utilized in the study was not provided. Saccharic acid 87-73-0 0.87 0.087 | 210.137 2.5 1000 40 Saccharic acid | 1.8 0.08352 21.5
Therefore, the data cannot be reliably used to substantiate the safety of KE from other sources 2-keto-gluconic acid D0D48-07-5 5 0.2 T 194138 305 1000 40 2-keto-gluconic acid l 0.18 0.192 0.9
whose chemical composition can vary widely. 5-keto-gluconic acid 815-89-4 2.3 0.023 I 194.138 -3.05 1000 40 5-keto-gluconic acid I 0.18 0.02208 815.2
Gluconic acid 526-95-4 18.03 1.803 1l 196.154 -1.87 316 40 Gluconic acid Il 0.18 1.73088 0.1
Methods Fructose 30237-26-4 44.02 4.402 | 180.155 -1.46 976.9 80 Fructose | 1.8 8.452 0.2
o . L. Succinic acid 110-15-6 0.69 0.069 | 118.0874 -0.59 83.2 80 Succinic acid | 1.8 0.1325 13.5
1. An extensive literature search was done to accumulate data on the chemical composition of KE. — —
he f o th ~stituents that ) i ot the highest ~centration ltaconic acid 97-65-4 0.48 0.048 | 130.098 -0.34 76.8 80 ltaconic acid | 1.8 0.1306 13.7
€ TOCUS WOs © € ConsTIUEnTS ThAt Were present at Ine Righest concentrations. Acetic acid 64-19-7 12.1 1.21 | 60.0516 -0.17 1000 80 Acetic acid | 1.8 2.3232 0.7

2. Toxicity data on the individual components was assessed by conducting appropriate keyword
searches in Pubmed and ChemlD Plus.

3. The Cramer classification for each of the constifuents was defermined using ToxIree
(http://ecb.rc.ec.europa.eu/qgsar/gsar-tools/index.phpec=TOXTREE).

exceeds TTC

Table 4: Margin of Safety using safe reference values for Kombucha Extract constituents that exceeded TIC Table 5: In Vitro and In Vivo Evaluation of Face Cream Containing 3% Kombucha Extract

4. For each constituent, structural "alerts” for various relevant toxicity endpoints were evaluated using Compound Cramer Class Exposure (3%, mg/day) Allowable Exposure Data MOS Type of Evaluation Protocol Results Conclusion
the predictive software program DEREK (Deductive Estimation of Risk from Existing Knowledge). 2-keto-gluconic acid II 0.192 333 mg/kg/day NOAEL 1734 In Vitro EpiSkin 79.8 +9.2% Viability Potentially Non-Irritant
. oye . . . . : M . +
5. The availability of read-across toxicity information from structurally-related compounds was Gluconic acia . 1.73088 333 mg/kg/day NOAEL 192 In V'ffo B?QP _ 111 _ Acceptable ocular folerance
assessed with OECD Toolbox Fructose I 8.452 80 mg/kg/bw ADI 9 In Vivo Clinical Non-irritating, Non-sensitizing Acceptable local tolerance
Acetic acid | 2.3232 1600 mg/kg/day NOEL 688

(http://www.oecd.org/document/54/0,3746,en 2649 34379 42923638 1 1 1 1,00.html).

6. The octanol-water partition coefficient of the compounds was determined with EPISUITE
(http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm).

/. The percent dermal penetration for each constituent was estimated by the method of Kroes et dl
(2007).

8. An exposure calculafion was performed for each KE constituent in a face cream at a use level of 3%.

9. The Threshold of Toxicological Concern as well as published data on acceptable levels of
exposure was used to verity each KE constituent was at a safe use level.

10. To evaluate potential skin and ocular irritafion potential, the face cream was evaluated in the in
vitro EPISKIN and BCOP assays, respectively.

11. To confirm acceptable skin tolerance, the face cream was evaluated In healthy human
volunteers by conducting a Human Repeat Insult Patch Test.

Discussion and Conclusion
O KE from different sources and culture conditions have varying levels of chemical constituents.
O Using the TTC concept enabled us to determine and justify the "safe use level” iIn humans for most of the chemical constituents of KE.
O For chemical constituents that were present at exposure levels higher than their respective TIC limits, safe reference doses such as NOEL, NOAEL and ADI were used 1o justify their levels.
O A WoE approach utilizing predictive software tools (DEREK, OECD Toolbox and EPISUITE) and published sate reference doses on the chemical constituents of KE provided justification for its use.

O Confirmation of acceptable local tolerance of a cosmetic product containing 3% KE was accomplished by in vitro studies as well as a study in human volunteers. This allowed safety approval
for market launch.
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