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Introduction:
Market trends are moving towards biosurfactants. For widespread adoption, these 
surfactants must match or improve upon the properties of surfactants derived from 
petrochemical sources. A key feature of many cosmetic formulations is solubilization 
of essential oils and fragrances [1,2]. As such, the major thrust of our research was 
to identify optimal sophorolipid surfactant formulations for solubilization of essential 
oils. The performance of the sophorolipid surfactants was benchmarked against 
widely used ethoxylated, hydrogenated castor oil surfactants, which are currently 
ethoxylated using petrochemically derived ethylene oxide (EO) [3-6]. Below, we 
present the results of a study that utilized a high-throughput research (HTR) 
workflow to demonstrate that sophorolipids are promising alternatives to 
ethoxylated, hydrogenated vegetable oils for solubilization. 

Central Hypothesis : Complex microstructures accessible by sophorolipid surfactants 
(e.g., rodlike and tubular micelles) would promote increased micellar volume for 
essential oil solubilization relative to ethoxylated, hydrogenated castor oil 
surfactants. 

Results & Discussion:

Materials & Methods:

Conclusions:

In this study, an HTR workflow for characterizing essential oil solubilization by 
surfactants was developed and leveraged to demonstrate that sophorolipid 
surfactants are more efficient solubilizers than widely used ethoxylated, 
hydrogenated castor oil surfactants. Thus, sophorolipid surfactants represent a 
promising class of 100% bio-based, biodegradable alternatives to petrochemical 
surfactants for solubilization of essential oils and fragrances in cosmetic 
formulations. The results of this study can be readily applied to design of cosmetic 
products. For example, the results presented here suggest that access to both acid 
form-rich and lactone form-rich sophorolipids surfactants will allow cosmetic 
formulators to develop tailored blends of the forms to optimize solubilization of an 
essential oil or fragrance of interest.

Acknowledgements:

The authors would like to thank Micol Federica Tresoldi, Stephan Andersen, Shannon 
Golden, and Gregoire Cardoen for helpful conversations. The authors would also like to 
thank Niki Baccile for insightful conversations regarding the aqueous self-assembly of 
sophorolipid surfactants. 

References:
1. Rieger, M., Surfactants in cosmetics. Routledge: 2017.
2. Schueller, R.;  Romanowski, P.; Stream, C., Beginning Cosmetic Chemistry. Journal of Applied Cosmetology 2004, 22 (1), 45-50.
3. Dumanois, M.; Gueyne, N., Alcohol-free base for aqueous perfume composition, and alcohol-free aqueous perfume composition comprising same. Google Patents: 2003.
4. Sikora, E.;  Małgorzata, M.;  Wolinska Kennard, K.; Lason, E., Nanoemulsions as a Form of Perfumery Products. Cosmetics 2018, 5 (4), 63.
5. Sikora, E.;  Miastkowska, M.;  Lason, E.; Gut, K., Method of Making Non-Alcoholic Perfumes. Poland Patent Appl 2018, 426105.
6. Guenin, E. P.;  Trotzinka, K. A.;  Smith, L. C.;  Warren, C. B.;  Munteanu, M. A.;  Chung, S. L.; Tan, C.-T., Alcohol free perfume. Google Patents: 1995.

EcoSense™ GL-60 HL Surfactant

PEG-40 HCO

EcoSense™ GL-60 HA Surfactant

EcoSense™ GL-60 HL Surfactant

PEG-40 HCO

EcoSense™ GL-60 HA Surfactant

EcoSense™ GL-60 HL Surfactant

PEG-40 HCO

EcoSense™ GL-60 HA Surfactant

EcoSense™ GL-60 HL Surfactant

PEG-40 HCO

EcoSense™ GL-60 HA Surfactant

L
ave

n
d
e
r

O
il

R
o

se
m

ary
O

il
C

itro
n

e
lla

O
il

T
h

ym
e

O
il

0 5 10 15 20

Surfactant Concentration [wt%]

EcoSense™ GL-60 HL Surfactant

PEG-40 HCO

EcoSense™ GL-60 HA Surfactant

EcoSense™ GL-60 HL Surfactant

PEG-40 HCO

EcoSense™ GL-60 HA Surfactant

EcoSense™ GL-60 HL Surfactant

PEG-40 HCO

EcoSense™ GL-60 HA Surfactant

EcoSense™ GL-60 HL Surfactant

PEG-40 HCO

EcoSense™ GL-60 HA Surfactant

L
ave

n
d

e
r

O
il

R
o

se
m

ary
O

il
C

itro
n

e
lla

O
il

T
h

ym
e

O
il

0 2 4 6 8 10

Surfactant Concentration [wt%]

0.5 wt% Essential Oil 

1.0 wt% Essential Oil 

High-throughput Research (HTR) Workflow

Surfactants Studied 

PEG-40 HCO EcoSense™ GL-60 HA Surfactant (≥ 80 % acid; ≤ 20 % lactonic) 
EcoSense™ GL-60 HL Surfactant (≤ 47 % acid; ≥ 53% lactonic)

 Order of addition: water, surfactant stock, essential oil (30 minutes of mixing)
 Samples imaged after 24 hours of equilibration
 Surfactant concentration required for solubilization reported  

 EcoSense™ GL-60 HA 
Surfactant had a higher 
solubilization capacity 
than PEG-40 HCO 
surfactant for each of 
the essential oils 
studied at 0.5 wt% 
essential oil

 EcoSense™ GL-60 HL 
surfactant had a higher 
solubilization capacity 
than EcoSense™ GL-
60 HA Surfactant for 
citronellal oil 

 At 1 wt% essential oil, 
the solubilization 
capacity of the 
EcoSense™ GL-60 HL 
was higher than the 
capacities of both 
EcoSense™ GL-60 HA 
and the PEG-40 HCO 
surfactant for all four 
essential oils studied
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Experimental Design

Increasing Surfactant Concentration
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