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Surface-active agents are a group of 
amphipathic chemicals that have both 
hydrophobic and hydrophilic groups and 
are thus distinguished for their ability 
to interact between both aqueous and 
non-aqueous phases or substances. 
These chemicals form an indispensable 
component in almost every sector of 
modern industry. A major limitation in 
their use, however, derives from the 
fact that most of these compounds are 
either synthetically manufactured from 
petrochemicals or sourced from non-
sustainable biological sources, thus raising 
concerns over their environmental impact 
and potential health effects. On the other 
hand, those that are derived from natural 
or biological sources (i.e. bio-surfactants 
and bio-emulsifiers) have gained increasing 
interest in recent years because of their 
associated lower levels of toxicity and 
higher biodegradability.

The scope of the MARISURF project is 
to discover novel and sustainable bio-
surfactants and bio-emulsifiers and to 
develop them for commercial exploitation 
by starting with a unique collection of 
bacterial strains isolated from marine 
environments around the world. To address 
this, MARISURF has been designed to put 
the industrial end-users in the driver’s seat 
to help guide the search for these types 
of biochemicals. The close engagement 
between the academic and industrial 
partners, with an all-encompassing ‘open 
innovative’ perspective, has been one of 
the hallmarks of this project.

From discovery to 
commercialisation

Largely driven by consumer demand, 
industry is looking to replace many of its 
synthetic surface-active agents, including 
some which are derived from non-
renewable or non-sustainable sources 
(e.g. from animals and plants), with more 
sustainable, natural and eco-friendly 
alternatives. Bio-surfactants and bio-
emulsifiers produced by microorganisms are 
a commercially promising and sustainable 
alternative, with the potential for improved 
performance under industrial-relevant 
conditions (e.g. extremes of temperature, 
pH and salinity). They are also a more 
attractive substitute for their chemically-
synthesised counterparts due to lower 

Figure 1: Coastal and open ocean sites (red dots) from where the bacterial strains were isolated for the 
discovery of novel bio-surfactants and bio-emulsifiers in the MARISURF project.

toxicities, higher bio-degradability, and 
perceived consumer-friendliness. Microbial 
bio-surfactants and bio-emulsifiers can also 
be produced from renewable feedstocks 
or even waste streams and by natural 
fermentation processes. However, many 
of these biochemicals that have been 
discovered and produced by microorganisms 
have never reached a commercial endpoint, 
and this may be attributed to one or both 
of the following reasons. The first relates 
to insufficient production and, thus, also 
high costs as, quite often, production from 
microbial cells falls short of satisfying 
industrial demand. The second relates to 
pinpointing an industrial end-use for any 
newly discovered bio-surfactant or bio-
emulsifier. With respect to bio-surfactants, 
their commercialisation today is only just 
beginning with three pioneering compounds 
produced by microorganisms that are simple 
and low cost in their biotechnological 
production. These are sophorose lipids, 
mannosylerythritol lipids and rhamnolipids. 
To expand upon this limited repertoire, 
marine microbial sources have proven to 
yield highly novel bio-surfactant and bio-
emulsifier structures and a wide spectrum 
of functionality in recent years.

Starting with a goldmine

From the start, MARISURF has been 
endowed with a unique collection of marine 
bacterial strains that were isolated from 
marine environments around the world. 
These environments included the sea 
surface and deep sea, coastal and offshore 
waters and sediment, tropical, temperate 
and polar regions, and pristine and polluted 
sites (Figure 1). A novelty of the collection 

is that all the strains were isolated based 
on their ability to utilise hydrocarbons as a 
source of carbon and energy. This is highly 
relevant in bio-surfactant/bio-emulsifier 
discovery because microorganisms with this 
metabolic trait are recognised for being able 
to produce these types of biomolecules. 
This bacterial strain library comprises the 
largest collection of hydrocarbon-degrading 
bacteria isolated from sea surface oil slicks 
and subsurface oil plume waters from the 
Gulf of Mexico during the active phase of 
the Deepwater Horizon oil spill. Another 
novelty of the collection is that many of the 
strains were isolated from the cell surface 
of eukaryotic phytoplankton (micro-
algae), which in recent years has emerged 
as a largely untapped source of bacterial 
diversity and discovery of natural products.

Stretching the limits to meet 
product demand

Despite the potential advantages of 
microbial-derived bio-surfactants and 
bio-emulsifiers, commercial production 
is often hindered because of typically low 
quantities produced and the associated high 
production costs. To resolve this bottleneck, 
optimisation of the culture conditions 
used to grow the producing microbes is 
an important initial step. The influence of 
abiotic parameters (e.g. pH, temperature, 
agitation, salinity) and different nutritional 
conditions have been shown to influence 
production yields, as well as also affect the 
physico-chemical/functional characteristics 
of the compounds. However, as has been 
reported for many bio-surfactant/bio-
emulsifier-producing microbial strains, the 
manipulation of culture conditions may not 
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be enough. As such, the MARISURF project 
dedicated not only different approaches to 
improving productivity by manipulation of 
cultivation conditions and optimisation by 
fermentation but also explored molecular 
biological approaches and also informed 
through the availability of whole-genome 
sequence data. 

The MARISURF approach

With a unique bacterial collection of nearly 
one thousand strains, the MARISURF 
project screened about five hundred of 
these to identify those producing novel bio-
surfactants and bio-emulsifiers. To begin, 
the strains were sequenced to identify 
those with non-redundant diversity based 
on 16S rRNA gene sequence similarity 
within the collection and to sequences 
of isolated organisms in public sequence 
databases such as GenBank. 

Putative novel strains were selected and 
taken through a pipeline of tests and 
characterisation that commenced with 
evaluating their functional characteristics 
led by Heriot-Watt in collaboration with 
the University of Northumbria, Democritus 
University of Thrace and Leitat, and the 
industrial and other R&D partners involved 

on the project. Strains found to produce 
highly-active bio-surfactants and/or bio-
emulsifiers were used to produce small-
scale extracts of these compounds and 
analysed using a battery of chemical, 
physical, analytical and biological (in vivo 
and in vitro) methods to assay for a range 
of properties. 

Firstly, the extracts were evaluated for 
properties relating to their surface-
active properties, such as based on their 
emulsification and emulsion stability, 
surface rheology, surface tension reduction, 
foaming and gelation. These evaluations 
were conducted under different conditions 
(pH, temperature, ionic strength etc.) as 
relevant to specific applications of the 
commercial partners. For their potential 
efficacy in niche commercial applications, 
the extracts, and subsequently purified 
biomolecules, were also evaluated to 
determine nutrient drug interactions, 
bacterial dysbiosis, anti-ageing and 
moisturising effects. The information 
gained from this was subsequently related 
to the molecular/structural features of 
the bio-surfactants and bio-emulsifiers 
that were subsequently purified. For this, 
partners Patras, Heriot-Watt and Ulster 
have been working in collaboration using 

a wide range of state-of-the-art analytical 
equipment to determine the chemical 
composition and structure of the surface-
active biomolecules. This was not only 
key to identifying their novelty, but the 
information gained from this was used 
to guide establishing protocols for their 
efficient isolation, purification and recovery 
from fermentation media. In a collaboration 
between Heriot-Watt, the University of 
Northumbria, Democritus University of 
Thrace, Leitat and EcoTechSystems, a range 
of biological assays (in vitro and in vivo) were 
used to evaluate the anti-microbial, anti-
oxidant, anti-inflammatory, anti-ageing, 
anti-cancer, mutagenic/anti-mutagenic, 
anti-immunosuppressive, toxicity and 
ecotoxicity profiles of the extracts. These 
approaches allow for the determination 
of safety levels and potential health-
promoting properties—qualities which are 
important to define the industrial sector(s) 
and applications of the greatest value for 
the bio-surfactants and bio-emulsifiers. 

Based on their production of bio-surfactants 
and/or bio-emulsifiers with desirable 
properties for commercial exploitation, 
a handful of the strains screened were 
selected for further work to improve on 
the production of these biomolecules. Led 
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by Ulster, molecular biological techniques 
were used to enhance the production of 
the biomolecules from the strains, which for 
some this was informed by whole-genome 
sequencing. In addition to this, Ulster, 
Heriot-Watt, Patras, and in collaboration 
with the industrial/R&D partners BioBase 
and Leitat, have been working in driving 
the optimisation of fermentation and 
production of the bio-surfactants and bio-
emulsifiers. This was initially conducted 
using shake-flask cultures, then scaled-up 
and fine-tuned in small-scale fermenters (5-
10 L) and finally at pilot scale (up to 1,000 L) 
to supply sufficient product for in-house 
formulation and process testing by the three 
industrial end-users (Apivita, Marlow Foods, 
Nanoimmunotech); throughout this process, 
attention was given to the downstream 
processing relating to the recovery of the 
desired biomolecules. The stability, solubility 
and behaviour in various formulations for 
food, personal care and pharmaceutical 
applications were evaluated. Furthermore, 
to evaluate the process economics and 
environmental impact of the production 
processes, a Life Cycle Assessment was also 
performed by partner NIPOI.

Highlights

This five-year project has resulted in a number 
of significant milestones that are of both 
scientific and commercial interest. The first 
relates to establishing the marine bacterial 
collection as a ‘goldmine’ for the discovery 
of novel natural products, such as bio-
surfactants and bio-emulsifiers. Screening 
for these biomolecules led to the discovery 
of two novel rhamnolipid-producing 
bacterial species, namely Marinobacter sp. 
strain MCTG107b and Pseudomonas sp. 
strain MCTG214(3b1), the latter of which 
is not related to Pseudomonas aeruginosa. 
This is significant because large-scale 
production and exploitation of rhamnolipids 
are limited because these compounds 
are primarily sourced from P. aeruginosa 
which belongs to the Group II potential 
pathogenic bacteria. Thus, rhamnolipids 
from these novel marine bacterial strains 
can open new opportunities for the use of 
these compounds in applications otherwise 
deemed unsuitable when sourced from 
P. aeruginosa. This also reduces concerns 
associated with the disposal of large-scale 
fermentation waste, which can be costly 
when using potential pathogenic strains.

Two other strains, MCTG34d and 
MCTG35b1, produced polymeric 
surface-active agents that demonstrated 
exceptional properties in food and 
healthcare formulations. The polymer 
of 34d was produced in large scale and 
found to have strong gelling properties 
in food formulations tested at industrial 
scale by partner Marlow Foods. This is an 
extremely useful trait in food products, 
such as readymade meals, particular as a 
substitute for egg white that is commonly 
used as a binder but is quite expensive. 
The same polymer was also found highly 
effective as a co-emulsifier and thickener 
when tested in cosmetic emulsions by 
partner Apivita. This is desirable as most 
natural surface-active agents on the market 
are not very potent, and therefore higher 
concentrations than desired are required 
to be used in final product formulations to 
achieve the necessary characteristics. 

Furthermore, the most potent co-
emulsifiers and thickeners belong to the 
acrylate polymers category that has been 
linked with environmental issues. Partner 
Nanoimmunotech tested the polymeric 
surface-active agents and discovered 
that they acted as an excellent catalyst/
stabiliser for the synthesis of nanoparticles 
that can eventually be used for biomedical 
applications. The synthesis of so-called bio-
nanoparticles has gained increasing interest 
in recent years due to their attractive 
qualities compared to non-biologically 
produced nanoparticles. Current methods 
for nanoparticle synthesis employs 
chemicals, including surfactants, that are 
highly toxic, which is problematic when the 
nanoparticles are deemed for use in vivo 
applications. By using natural chemicals as 
substitutes for producing nanoparticles (aka 
using green chemistry), this could open up 
opportunities for using them in a wider range 
of applications, especially when in vivo.

Over the duration of the project, the 
MARISURF team has actively contributed 
and been involved in a number of national 
and international workshops, conferences 
and networking events. Now reaching the 
end of the project, the MARISURF team will 
look to keep the momentum in achieving the 
ultimate goal set out from the start; to bring 
to market new types of natural surface-
active agents. 
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