
Made in and from Nature (The Greenest),
for Humans and Nature (Multi-Beneficial Functions)
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II. 2,3-Butanediol from Nature
There is a reason for everything that exists in universe



2,3-BDO has been found in humans, animals, and insects. 
It also exists in foods, animal feedstocks, and soil.

2,3-Butanediol from Nature

• Human

• Animals

• Insects

μ

μ

• Foods &
Beverages

ü

• Soil

Human Body

Soil

Foods

Bees, honey 
& propolis

Beverages

Livestock
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For Humans

Controlling Inflammation
2,3-butanediol ameliorates 
endotoxin-induced lung injury

Boosting Immune System
2,3-butanediol enhances immunity 
by activating innate immunity cells

Channeling Metabolism
2,3-butanediol serves as a 
detoxifying product in liver

2,3-BDO has positive effects on human body.
Detoxifying agent in liver, Boosting immunity, Treating inflammation.
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For Humans

Preventing obesity, 
insulin resistance & diabetes

Decreasing cholesterol & fat

02 2,3-Butanediol from Nature : Humans

Improving biocompatibility 
& durability of transplants

A patent about the usage of 2,3-BDO in treatment or prevention of
obesity, insulin resistance, and diabetes and in the reduction of
metabolic ageing has been issued (’21).
2,3-BDO treatment has shown good biocompatibility and durability.

Reasons for 2,3-BDO in our body!



III. 2,3-BDO manufactured
by GS Caltex

GS Caltex is the 1st & only bio-2,3-BDO mass producing company



2,3-BDO Production Process

GS Caltex is the first and only company enabling the mass production of high quality 
2,3-BDO through microbial fermentation of eco-friendly biomasses.

Microorganisms & Fermentation Separation & Purification

Decolorization & Deodorization Customized 2,3-BDO

(2R,3S)-Butanediol

(2R,3R)-Butanediol 

(2S,3S)-Butanediol
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cf. Chemical process for 2,3-BDO production



Microbes

GS Caltex isolated 2,3-BDO-generating microbes from nature and has developed 
the most effective 2,3-BDO producer through eco-friendly ways.

2,3-BDO-generating Microbes

GS Caltex has tried to isolate 2,3-BDO-
producing microbes from nature since 
2009.

In 2012, GS Caltex isolated numerous 
2,3-BDO producers from on the plain 
land of Daeduk precinct, South Korea.

Among them, GS Caltex screened 
microbes that are greener than the 
others.

Best 2,3-BDO Producer

GS Caltex has sequenced the genome 
and characterized their 
physicochemical properties.

Then, the most effective and eco-
friendly 2,3-BDO producers were 
selected for mass production.

These bacteria were registered to 
Korean Culture Type Collection (KCTC) 
as properties of GS Caltex.
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Technologies

GS Caltex has developed all core technologies making a breakthrough for 
the production and recovery of 2,3-BDO through microbial fermentation.

2,3-BDO Fermentation

GS Caltex has developed 2,3-BDO 
fermentation process using various 
biomasses, including non-GMO 
starch- and sugar-based carbon 
sources.

The fermentation process developed 
by GS Caltex enables high-level 
production of 2,3-BDO with minimum 
amounts of byproducts at a commercial 
scale.

2,3-BDO Recovery

GS Caltex has developed core 
technologies for the cost-effective and 
eco-friendly 2,3-BDO recovery from 
fermentation broth.

The recovery process developed by GS 
Caltex never uses any toxic chemicals 
and enables to obtain exceedingly high 
quality of 2,3-BDO.
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GS Caltex GreenDiol process reduces 18-26% of CO2 emissions compared to fossil-based 
diols (e.g. DPG, PG) according to the method of ISO 14040/14044

Life Cycle Assessment

03 2,3-Butanediol from GS Caltex : LCA
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The excellence of technologies, processes, & 2,3-BDO has been officially recognized. 
The sustainability of 2,3-BDO has been certified by many global organizations.

GS Caltex successfully registered 2,3-BDO to EU REACH.

KSBB AwardNew Excellent 
Product

New Excellent 
Technology

Jang Young-sil Award

EWG Green gradeUSDA Certified 100% Bio

Excellence & Sustainability

03 2,3-Butanediol from GS Caltex : Achievements

ü COSMOS

ü USDA

ü NATRUE

ü VEGAN

ü EU REACH

ü ISO16128: 100% Natural & Natural Origin

ü EWG 1st Green Grade

ü New Excellent Technology Award

ü New Excellent Product Award

ü Jang Young-Sil Award

ü KSBB Award



IV. GS Caltex GreenDiol
GreenDiol is GS Caltex’s trade name for 2,3-BDO



GreenDiol: From Nature to Skin

Solubilization

Preservative boosting

Anti-
inflammation

Stabilization

Penetration

Unique texture

Moisturization

Based on 2,3-BDO’s beneficial effects in nature, GS Caltex has successfully developed 
GreenDiol as the greenest, multi-functional cosmetic ingredient.
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GreenDiol: The Greenest with Multi-functions

Solubilization

Unique texture

Anti-inflammation

Stabilization

Penetration

Preservative boosting

Moisturization

As expected, GreenDiol offers multi-layered functions, such as solubilization, unique 
texture, stabilization, etc., on skin and hair.

1. Solubilization
- High solubility for active ingredients
- Better solubilization of ceramides than 

1,3-BDO (10x) & DPG (2x)
- Better dispersion of dyes than 1,3-BG

2. Unique texture
- Initial body texture
- Quick absorption
- Silky & less sticky

3. Stabilization - Vitamin C stabilization
- Alleviation of vitamin C discoloration

4. Anti-
inflammation

- Reduction of redness
- Inhibition of pro-inflammatory substances 

(NF-κB pathway)

5. Penetration - More effective penetration than 1,3-BDO 
(4x amount & 2x depth)

6. Preservative 
boosting

- Superior preservative boosting than 
1,3-BDO & 1,3-PDO
(~20% more effective)

7. Moisturization
- Superior moisturizing capability than 

1,3-BDO (8x)
- Synergistic moisturizing effects with 

glycerin

04 GS Caltex GreenDiol : Introduction



RENE FURTERE
Detangling Hair Spray

Whoo 
Hwanyu 
Serum

PHÉNOTYP
Niacinamide (10%) 
& Polyphenols 
Serum

Physiogel 
Scienceuticals 
Serum

Givenchy 
Le soin noir 
Serum

Thanks to 2,3-BDO’s unique & distinguished properties, many global cosmetic 
companies have been adopting GreenDiol for their products.

1. Solubility of Ingredients

ISA KNOX
Vitamin 
Ampoule

GreenDiol in Cosmetics & Personal Care Products

2. Unique Texture

- creating unique initial body texture

- enabling quick absorption

- providing silky & less sticky texture

- suitable for serums with minimal oil content

3. Stability of Vitamin C

- stabilizing vitamin C

- alleviating discoloration of vitamin C

- dissolving poorly soluble active ingredients 
(e.g. ceramides, salicylic acid, TECA)

- preventing precipitation

- dispersing dyes more effectively
cf. 1,3-BG , DPG, 1,3-PDO, glycerin

Dr. Jart+
Ceramidin cream

CNP
IP-BHA
Ampoule

Dr. BangGiWon 
Color Shampoo 
w/ salicylic acid

04 GS Caltex GreenDiol : End Products



GreenDiol: The Greenest with Multi-functions

1. Solubilization
- High solubility for active ingredients
- Better solubilization of ceramides than 

1,3-BDO (10x) & DPG (2x)
- Better dispersion of dyes than 1,3-BDO

2. Unique texture
- Initial body texture
- Quick absorption
- Silky & less sticky

3. Stabilization - Vitamin C stabilization
- Alleviation of vitamin C discoloration

4. Anti-inflammation
- Reduction of redness
- Inhibition of pro-inflammatory substances 

(NF-κB pathway)

5. Penetration - More effective penetration than 1,3-BDO 
(4x amount & 2x depth)

6. Preservative 
boosting

- Superior preservative boosting than 
1,3-BDO & 1,3-PDO
(~20% more effective)

7. Moisturization
- Superior moisturizing capability than 

1,3-BDO (8x)
- Synergistic moisturizing effects with glycerin

Solubilization of GreenDiol

Solubilization

04 GS Caltex GreenDiol : Solubilization



GreenDiol: The Greenest with Multi-functions

GreenDiol shows a remarkable solubility
- GreenDiol solubilizes ceramides better than 1,3-BDO (10x) & DPG (2x)
- Less ceramides are crystalized (4x) in 2,3-BDO compared to 1,3-BDO
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GreenDiol: The Greenest with Multi-functions

Water GreenDiol 1,3-BDOGreenDiol PG 1,3-BDO 1,3-PDO GreenDiol PG 1,3-BDO 1,3-PDO

19% Salicylic acid in diols 21% Salicylic acid in diols

1 d
ay

7 d
ay

30 s
90 s

15
0

s
0.01% colorant in 5% diols

GreenDiol shows a remarkable solubility
- GreenDiol solubilizes salicylic acid better than other diols (PG, 1,3-BDO, 1,3-PDO)
- Furthermore, GreenDiol disperses colorants more effectively than 1,3-BDO

04 GS Caltex GreenDiol : Solubilization



GreenDiol: The Greenest with Multi-functions

The high solubilizing capability of GreenDiol is supported by molecular simulation.
- More 2,3-BDO tends to attach to the head area of ceramides with a vertical angle than 1,3-BDO
- It leads to give more space between ceramide molecules, avoiding stacking & crystalizing

1,3-BDO

2,3-BDO

04 GS Caltex GreenDiol : Solubilization



GreenDiol: The Greenest with Multi-functions

Unique texture

1. Solubilization
- High solubility for active ingredients
- Better solubilization of ceramides than 1,3-BDO 

(10x) & DPG (2x)
- Better dispersion of dyes than 1,3-BDO

2. Unique texture
- Initial body texture
- Quick absorption
- Silky & less sticky

3. Stabilization - Vitamin C stabilization
- Alleviation of vitamin C discoloration

4. Anti-inflammation
- Reduction of redness
- Inhibition of pro-inflammatory substances 

(NF-κB pathway)

5. Penetration - More effective penetration than 1,3-BDO 
(4x amount & 2x depth)

6. Preservative 
boosting

- Superior preservative boosting than 
1,3-BDO & 1,3-PDO
(~20% more effective)

7. Moisturization
- Superior moisturizing capability than 

1,3-BDO (8x)
- Synergistic moisturizing effects with glycerin

Unique Texture of GreenDiol

04 GS Caltex GreenDiol : Unique Texture



GreenDiol: The Greenest with Multi-functions

GreenDiol has unique texture
- Many chemists are trying to replace conventional polyols with GreenDiol due to its non-sticky finish
- Its non-sticky finish is supported by lower adsorption of pollutants/dusts on skin than other polyols

GreenDiol gives 
outstanding non-
sticky feels to my 
serum products.

04 GS Caltex GreenDiol : Unique Texture



GreenDiol: The Greenest with Multi-functions

Stabilization

1. Solubilization
- High solubility for active ingredients
- Better solubilization of ceramides than 1,3-BDO 

(10x) & DPG (2x)
- Better dispersion of dyes than 1,3-BDO

2. Unique texture
- Initial body texture
- Quick absorption
- Silky & less sticky

3. Stabilization - Vitamin C stabilization
- Alleviation of vitamin C discoloration

4. Anti-inflammation
- Reduction of redness
- Inhibition of pro-inflammatory substances 

(NF-κB pathway)

5. Penetration - More effective penetration than 1,3-BDO 
(4x amount & 2x depth)

6. Preservative 
boosting

- Superior preservative boosting than 
1,3-BDO & 1,3-PDO
(~20% more effective)

7. Moisturization
- Superior moisturizing capability than 

1,3-BDO (8x)
- Synergistic moisturizing effects with glycerin

Stabilization by GreenDiol

04 GS Caltex GreenDiol : Stabilization



GreenDiol: The Greenest with Multi-functions

GreenDiol stabilizes vitamin C in cosmetic products
- The distances within the –OH group pairs of 2,3-BDO and vitamin C are much more similar than 

those of 1,3-BDO and 1,3-PDO.

- It seems for 2,3-BDO to effectively repress discoloration of vitamin C in cosmetic products

1,3-BDO GreenDiol 1,3-PDOGlycerin

Glyceri 1,3-BG GreenDi Propaned
n ol iol1,3-BDO GreenDiol 1,3-PDOGlycerin

So, we are 
replacing DPG &
1,3-PDO with 
GreenDiol for 
vitamin C serum.

04 GS Caltex GreenDiol : Stabilization

2,3-BDO1,3-BDO



GreenDiol: The Greenest with Multi-functions

Anti-inflammation

1. Solubilization
- High solubility for active ingredients
- Better solubilization of ceramides than 

1,3-BDO (10x) & DPG (2x)
- Better dispersion of dyes than 1,3-BDO

2. Unique texture
- Initial body texture
- Quick absorption
- Silky & less sticky

3. Stabilization - Vitamin C stabilization
- Alleviation of vitamin C discoloration

4. Anti-inflammation
/soothing

- Reduction of redness
- Inhibition of pro-inflammatory substances 

(NF-κB pathway)

5. Penetration - More effective penetration than 1,3-BDO 
(4x amount & 2x depth)

6. Preservative boosting
- Superior preservative boosting than 

1,3-BDO & 1,3-PDO
(~20% more effective)

7. Moisturization
- Superior moisturizing capability than 

1,3-BDO (8x)
- Synergistic moisturizing effects with glycerin

Anti-inflammation by GreenDiol

04 GS Caltex GreenDiol : Anti-inflammation



Week 0 2 4

1,3-BDO

1,3-PDO

GreenDiol

GreenDiol: The Greenest with Multi-functions

GreenDiol represses inflammation on skin (soothing)
- 2,3-BDO has significantly superior anti-inflammatory effects than 1,3-BDO and 1,3-PDO
- GreenDiol can give higher anti-inflammatory effect with similar cost of active ingredient (D-panthenol)

INCI name
Formula (%)

Negative D-Panthenol GreenDiol
Water 95.21 94.21 89.66
Disodium EDTA 0.02 0.02 0.02
Carbomer 0.14 0.14 0.14
Glycerin 3.00 3.00 3.00
Hydroxyethylcellulose 0.02 0.02 0.02
Dexpanthenol - 1.00 -
GreenDiol - - 5.55
Tromethamine 0.11 0.11 0.11
1,2-Hexanediol 1.50 1.50 1.50

04 GS Caltex GreenDiol : Anti-inflammation/soothing

*SKI: skin redness improvement



GreenDiol represses inflammation on skin
- 5 factors participating in inflammation on skin have been observed with GreenDiol and dexamethasone
- GreenDiol has also served anti-inflammatory effects like dexamethasone

TLR4

NF-κB

P

LPS

TNF-α IL-6

iNOS

Nucleus

Inflammatory 
Response

IκB-α 2,3-BDO

2,3-BDO
2,3-BDO

NO 
2,3-BDO

Cytoplasm

Inflammatory proteins

P

IκB-α 
NF-κB 
iNOS 
TNF-α 
IL-6

: inhibitor of nuclear factor κB-α
: nuclear factor κ-light-chain-enhancer of activated B cells
: inducible nitric oxide synthase
: tumor necrosis factor-α
: interleukin-6

μ

04 GS Caltex GreenDiol : Anti-
inflammation/soothing

GreenDiol: The Greenest with Multi-functions



GreenDiol: The Greenest with Multi-functions

1. Solubilization
- High solubility for active ingredients
- Better solubilization of ceramides than 1,3-BDO 

(10x) & DPG (2x)
- Better dispersion of dyes than 1,3-BDO

2. Unique texture
- Initial body texture
- Quick absorption
- Silky & less sticky

3. Stabilization - Vitamin C stabilization
- Alleviation of vitamin C discoloration

4. Anti-inflammation
- Reduction of redness
- Inhibition of pro-inflammatory substances 

(NF-κB pathway)

5. Penetration - More effective penetration than 1,3-BDO 
(4x amount & 2x depth)

6. Preservative 
boosting

- Superior preservative boosting than 
1,3-BDO & 1,3-PDO
(~20% more effective)

7. Moisturization
- Superior moisturizing capability than 

1,3-BDO (8x)
- Synergistic moisturizing effects with glycerin

Penetration of GreenDiol

Penetration

04 GS Caltex GreenDiol : Penetration



GreenDiol: The Greenest with Multi-functions

GreenDiol more effectively penetrates dyes into skin and hairs than other diols
- The amounts of a dye in skin tissues that were treated with or immersed in GreenDiol have shown 

4x or 10x higher than those of 1,3-BDO, respectively.

- A commercial color shampoo containing GreenDiol have shown remarkable hair-dying performance

*CLSM image of fluorescent substances by skin depth
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Treated Immersed

0.5% 1% 2% 5%0%

Part Trade name INCI Name Content (%)

A Water Water Up to 100

Carbopol AQUA SF-1 Acrylates copolymer 8.00

NaOH Sodium hydroxide 0.45

B Mitain L Lauryl betain 21.50

Miconium CTAC-29 Cetrimonium chloride 8.50

Eumulgin LM23 Laureth-23 1.00

Micopol CIP Cocamide MIPA 5.00

C GreenDiol 2,3-Butanediol, Water 0.5~5

Colorant Colorant 0.70

D Preservative Preservative q.s.
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We could 
develop a color 
shampoo using 
GreenDiol for 
the first time.

We have successfully 
developed a lipstick 
that lasts for 24 hours.



GreenDiol: The Greenest with Multi-functions

Preservative boosting

1. Solubilization
- High solubility for active ingredients
- Better solubilization of ceramides than 1,3-BDO 

(10x) & DPG (2x)
- Better dispersion of dyes than 1,3-BDO

2. Unique texture
- Initial body texture
- Quick absorption
- Silky & less sticky

3. Stabilization - Vitamin C stabilization
- Alleviation of vitamin C discoloration

4. Anti-inflammation
- Reduction of redness
- Inhibition of pro-inflammatory substances 

(NF-κB pathway)

5. Penetration - More effective penetration than 1,3-BDO 
(4x amount & 2x depth)

6. Preservative
boosting

- Superior preservative boosting than 
1,3-BDO & 1,3-PDO
(~20% more effective)

7. Moisturization
- Superior moisturizing capability than 

1,3-BDO (8x)
- Synergistic moisturizing effects with glycerin

Preservative Boosting by GreenDiol

04 GS Caltex GreenDiol : Preservative Boosting



GreenDiol: The Greenest with Multi-functions

GreenDiol has a better preservative boosting effect compared with other polyols
- MIC test results show better preservative effect of GreenDiol than other diols
- In particular, GreenDiol boosts the effects of conventional preservatives (e.g. phenoxyethanol)
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Substance 15% 20% 25%

GreenDiol × ○ ○

1,3-BDO × × ○

1,3-PDO × × ○

* For Escherichia coli

* For bacteria: Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus
For fungi: Aspergillus niger, Candida albicans

* Standard bacteria: E. coli, P. aeruginosa, S. aureus
**Standard fungi: Aspergillus brasiliensis, Aureobasidium pullulans,

C. albicans, Penicilliumm citrinum

04 GS Caltex GreenDiol : Preservative Boosting



GreenDiol: The Greenest with Multi-functions

Moisturization

1. Solubilization
- High solubility for active ingredients
- Better solubilization of ceramides than 1,3-BDO 

(10x) & DPG (2x)
- Better dispersion of dyes than 1,3-BDO

2. Unique texture
- Initial body texture
- Quick absorption
- Silky & less sticky

3. Stabilization - Vitamin C stabilization
- Alleviation of vitamin C discoloration

4. Anti-inflammation
- Reduction of redness
- Inhibition of pro-inflammatory substances 

(NF-κB pathway)

5. Penetration - More effective penetration than 1,3-BDO 
(4x amount & 2x depth)

6. Preservative 
boosting

- Superior preservative boosting than 
1,3-BDO & 1,3-PDO
(~20% more effective)

7. Moisturization
- Superior moisturizing capability than 

1,3-BDO (8x)
- Synergistic moisturizing effects with glycerin

Moisturization by GreenDiol

04 GS Caltex GreenDiol : Moisturization



GreenDiol: The Greenest with Multi-functions

GreenDiol has higher water retention capability
- Higher polarities at the –OH groups of 2,3-BDO leads to higher water retention than other diols
- Unexpectedly, GreenDiol shows moisturization boosting effect with glycerin

2,3-BDO1,3-BDO

−4.4%

−8.6%

04 GS Caltex GreenDiol : Moisturization

*Reducing glycerin decreases skin irritation and 
improves the overall feel of the product.



If you would like to discuss this report, please contact 
GS Caltex Bio Solution Team

This report is the property of GS Caltex and should not be modified or distributed to the third party without the written approval of GS Caltex

sujinlee@gscaltex.com
choikr@gscaltex.com

Sujin Lee
Kyeong Rok Choi

mailto:sujinlee@gscaltex.com
mailto:choikr@gscaltex.com

