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ABSTRACT

Biosurfactants are surface-active molecules made by bacteria, yeasts and fungi, and their cost

of production remains the main obstacle to wider use. Because the growth substrate is often

cited as a large share of that cost, waste frying oil, a lipid-rich residue that kitchens and food

processors must dispose of anyway, has attracted attention as a cheap carbon source. This

narrative review asks how far the published literature supports that idea. It draws on work

about the chemistry of used frying oil, the main producer organisms and product classes,

fermentation and recovery practice, and the assays used to detect and compare biosurfactants,

and it reports no new experimental data. Used oil is a workable but variable substrate: it is

rich in fatty acids, yet its composition depends on the oil, the frying history and the

pretreatment. Rhamnolipid production by Pseudomonas species is the best documented route,

although the opportunistic pathogenicity of the usual producers complicates scale-up. Yields,

assays and units differ so widely between reports that direct comparison is rarely safe, and

few papers count the cost of collecting, cleaning and processing the oil. The review concludes

that waste frying oil is a plausible low-cost substrate, that the size of any saving is not

established, and it lists the reporting items that would let studies be compared fairly.
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1. Introduction

Bacteria, yeasts and some fungi release

amphiphilic molecules that lower surface

and interfacial tension, help the producer

reach hydrophobic food and, in some

cases, protect it from competitors (1, 2).

Collectively these molecules are called

biosurfactants, and they have drawn

interest as milder, more biodegradable

alternatives to petrochemical surfactants in

cleaning, oil recovery, soil remediation,

food and cosmetic formulation (3, 4, 5, 6,
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7, 8, 9).

Interest has not turned into widespread use,

and the reason given most often is cost.

Fermentation, recovery and purification

are expensive compared with synthetic

chemistry, and the raw materials for

growth are repeatedly named as a large

part of the bill (10, 11). Searching for

cheap, abundant substrates has therefore

become a field of its own, covering

agricultural residues, industrial

by-products and used oils (12, 13).

Used frying oil is an obvious candidate.

Restaurants, snack makers and households

generate it in large quantities, it has to be

disposed of or reprocessed, and it is rich in

the fatty acids that many producer

organisms like to eat (14, 15). But cheap is

not the same as easy, because heat alters

the oil and its composition varies from one

source to the next. This review looks at

what the published literature says about

producing microbial biosurfactant from

waste frying oil, and how firmly it says it.

The article reports no new experimental

data and no local measurements of any

kind. The aim is to separate what has been

shown from what is routinely repeated.

2. Literature Review

2.1 Biosurfactants and Their Producers

Biosurfactants are usually grouped by

chemistry. Low-molecular-mass products,

mainly glycolipids and lipopeptides, are

strong surface-tension reducers, while

high-molecular-mass polymers tend to be

better at stabilising emulsions (16, 17, 18).

Table 1 lists the classes met most often in

the production literature. Rhamnolipids

from Pseudomonas aeruginosa are the

best-studied glycolipids, with biosynthesis,

diversity and regulation reviewed at length

(19, 20, 21). Mono- and di-rhamnolipid

forms with different chain lengths are

often made together.

2.2 The Cost Problem

Several reviews make the same point from

different angles. A biosurfactant that

works well in the laboratory is not

necessarily one that can be sold at a

competitive price, because the price

depends on yield, on how the product is

recovered, and on what the producer was

fed (10, 11, 26). Downstream processing is

often an afterthought in laboratory studies,

yet foaming, dilution and solvent or acid

steps make it a substantial share of the

effort (10, 27).

Table 1. Principal biosurfactant classes and
typical producers.

Class
Typical

producers
Notable features

Rhamnolipids

Pseudomonas

aeruginosa and

relatives (19,

21)

Glycolipids, strong

surface activity,

regulated by

nitrogen supply

(20)

Surfactin and

other

lipopeptides

Bacillus

subtilis and

relatives (22,

23)

Cyclic peptides

with a fatty acid

tail (24)

Sophorolipids

and other

yeast

glycolipids

Candida and

related yeasts

(17)

Often made from

oils and sugars

together (25)

Polymeric

bioemulsifiers

Acinetobacter

and others (16)

High molecular

mass, good

emulsion

stabilisers

Note: Qualitative summary; classes overlap and many

strains make mixtures of congeners.

Cheap substrates are one answer, and the

literature on them is large. Strains have

been grown on cassava wastewater (28),

potato substrates (29), cheaper sources for

a glycolipid-producing Bacillus (30),

refinery soapstock (31) and other low-cost

raw materials for rhamnolipids (32).

2.3 What Frying Does to Oil

Oil that has been used for frying is no

longer the oil that went into the pan. Heat,

water and air drive hydrolysis, oxidation

and polymerisation, leaving free fatty
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acids, oxidised and polar compounds and

larger polymeric material alongside the

original triacylglycerols (14). Table 2 sets

out which of these features matter for a

fermentation. Free fatty acids are easier for

cells to take up than intact triglycerides,

but oxidised material can inhibit growth.

Table 2. Features of used frying oil that matter to
a fermentation.

Feature Why it matters
Practical

consequence

Free fatty

acids

Formed by

hydrolysis during

frying (14)

Easier uptake, but

can inhibit growth

Oxidation

products

Accumulate with

heating and reuse

(14)

Possible toxicity

to the producer

Polar and

polymeric

material

Raises viscosity

and polarity

Poorer dispersion

in the medium

Food

residues

and water

Carried over from

cooking

Filtering and

settling needed

Batch

variability

Different oils,

different histories

Results hard to

repeat

Note: Qualitative; the size of each effect depends on

the oil, the frying history and the pretreatment.

Which effect dominates depends on the oil,

how long it was heated, what was fried in

it and whether it was filtered. Production

studies rarely quantify this, so a sweeping

statement that waste frying oil supports

good yields is hard to defend. This

variability is one reason the same oil can

look excellent in one laboratory and

disappointing in the next. The practical

competition for the oil is also real: used

cooking oil is a feedstock for biodiesel,

and where that market is active the

nominal price of the oil may not be near

zero (33).

2.4 Pseudomonas and Rhamnolipids
from Frying Oil

Work in the early 2000s screened

Pseudomonas aeruginosa strains for

rhamnolipid production from waste frying

oils and selected a strain for further study

(15), and the rhamnolipids it made were

later characterised for their

physicochemical and antimicrobial

properties (34). Other groups have reused

waste frying oil with different strains (35),

and crude products from other P.

aeruginosa isolates have been described

structurally (36).

These reports are encouraging, but they

come with a built-in complication. P.

aeruginosa is an opportunistic human

pathogen, and an industrial process built

on it raises safety and regulatory questions

that a non-pathogenic host would not (27,

37), and a product made from an oil of

uncertain history would need further

testing before use in food (38). The

evidence for safer hosts on waste frying oil

specifically is much thinner.

3. Materials and Methods

3.1 Scope and Question

The review asks one question in two parts:

does the published literature support waste

frying oil as a practical carbon source for

microbial biosurfactant production, and

how well do reports allow the results to be

compared? The question was broken into

what a production study must state: the oil

and its treatment, the organism and its

safety, the medium and conditions, product

recovery, and how production was

measured. None of these questions is

exotic, but published studies often leave

them unanswered.

3.2 Literature Assembly

The review draws on peer-reviewed work

in four areas: the chemistry of heated

frying oil; producer organisms and product

classes; fermentation, recovery and

substrate studies; and methods of detection

and measurement. Sources were chosen for

relevance and clarity of method, and only

work published up to 2013 is cited.

We did not run a formal systematic search

and do not claim one. This is a narrative
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synthesis, and the choice of sources

reflects the authors� judgement. The

review is therefore a better guide to the

questions a production study should

answer than to the size of any yield, and it

avoids quoting figures that could not be

checked against the primary reports.

3.3 Appraisal Framework

To judge how far a production report can

be compared with another, we looked for

the items in Table 3. They were drawn

from the process and methods literature

(10, 20, 39) and from the safety discussion

around rhamnolipid producers (37).

Table 3. Items worth reporting so that
biosurfactant studies can be compared.

Item What to state Why it matters

Substrate
Oil type, frying

history, pretreatment

Composition

drives outcome

(14)

Strain
Identity, source,

safety class

Pathogenicity

and scale-up

(37)

Medium

and

conditions

Nitrogen source, pH,

aeration, time

Production is

regulated (20)

Assay
Method, controls,

replicates

Methods

disagree (39,

40)

Yield
Basis and units, crude

or purified

Crude mass is

not product

Recovery Method and losses
A large share of

cost (10)

Note: Items are those implied by the cited

methodological and process literature; no study is

singled out.

4. Results

4.1 Waste Frying Oil as a Substrate

Waste frying oil is treated as a

hydrophobic carbon source that cells

convert to biomass and, under suitable

conditions, to surface-active product. The

route from kitchen to product runs through

collection, removal of food particles and

water, sometimes a heat or filtration step,

sterilisation, fermentation, recovery and

characterisation, as sketched in Figure 1.

Each step offers a point at which the result

can change.

Figure 1. From used frying oil to a characterised

biosurfactant (schematic, not data).

Oil is insoluble, so the medium has to be

agitated and aerated well enough to

disperse it, which is also what makes foam

a nuisance. A substrate that arrives with

contaminants may bring microbes or

inhibitors with it, so pretreatment is part of

the process design (11, 14). Small

differences in medium or inoculum can

look trivial on paper and still change a

yield considerably.

4.2 Producer Organisms and Process
Variables

Pseudomonas aeruginosa remains the

best-documented producer of rhamnolipids

from oils, including waste frying oil (15,

35). Bacillus strains make lipopeptides and

glycolipids on many substrates (29, 30,

41), and yeasts have been grown on oils

and sugars together (25). All depend on

conditions. In rhamnolipid production,

limiting nitrogen is widely reported to

favour product formation, and the nitrogen

source, iron, pH and temperature all matter

(19, 20).

Whether product accumulates during

growth or mainly after growth has slowed

differs between organisms and conditions,

as sketched in Figure 2. A culture sampled
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early may look unproductive when product

only appears later, and one harvested late

may have lost product to degradation. A

culture that has been given time to adapt to

an oil behaves differently from one that

has not.

Figure 2. Conceptual time course of growth and

product accumulation (schematic of two possible

patterns, not data).

4.3 Recovery and Characterisation

Recovery usually begins with removing

cells, then separating product from residual

oil by acid precipitation or solvent

extraction (10, 27). With oil substrates,

residual oil is the main difficulty: it can be

confused with product when mass is

weighed, and it complicates any claim

about yield. Crude extracts are often

reported as if they were pure biosurfactant,

which makes comparison unsafe.

4.4 Measuring and Comparing
Production

No single assay answers every question.

Drop collapse, oil spreading and

emulsification tests are quick screens,

surface tension and critical micelle

concentration measure surface activity in a

more quantitative way, and chemical

analysis identifies the product. Figure 3

shows which kinds of question each assay

can inform. A comparison of detection

methods found blood agar lysis unreliable

as a screen (40), and reviews stress that

results from different assays are not

interchangeable (39).

A further difficulty is how yield is

expressed. Reports use grams per litre of

crude extract, of purified product, of

rhamnose equivalents or of emulsification

activity, and comparing them as if they

measured the same quantity is a mistake.

Without a stated basis, a number in an

abstract is hard to interpret. Read in this

light, a failure to find activity in a single

screening assay says little about the strain.

An uninoculated oil control belongs in

every report, since oils and their

breakdown products can lower surface

tension on their own. It is a habit worth

keeping even when the answer seems

obvious.

Figure 3. Which common assays inform which

question (qualitative matrix, not data).

5. Discussion

5.1 Interpretation

The central finding of this review is a

conditional one. Waste frying oil can serve

as a carbon source for biosurfactant

production, and the best-documented route

is rhamnolipid production by

Pseudomonas, but the strength of that

conclusion is limited by variable oil, mixed

assays and incomplete cost accounting.

The oil is cheap to buy and expensive to

standardise. That is a modest claim, but it

is the one the literature will currently carry.

The economic case is the weakest part of

the literature. Papers often call waste oil

low-cost without counting collection,

transport, filtering and treatment, or the

cost of recovering product from a medium

that still contains oil (10, 11). A saving that

DOI: https://doi.org/10.62644/iajlb.2013.v10.i3.pp1-8 Indo-Am. J. of Life Sc & Bt  |  Vol. 10, Issue 3, 2013  |  pp 1-8

https://iajlb.org
https://iajlb.org
https://doi.org/10.62644/iajlb.2013.v10.i3.pp1-8
https://doi.org/10.62644/iajlb.2013.v10.i3.pp1-8


Indo-Am. J. of Life Sc & Bt. 2013 ISSN 2347-2243  iajlb.org

Vol.10, Issue 3, 2013

6Santangelo, Santangelo and Brennan, 2013 | 10.62644/iajlb.2013.v10.i3.pp1-8

vanishes once collection, filtering and

downstream work are priced is not one a

factory would ever see.

5.2 Limitations

This review has the limits of any narrative

synthesis. The sources were chosen by

judgement, not by a documented search, so

important work may be missing and the

balance of what is cited reflects the

authors� choices. We have deliberately not

quoted yields from individual reports,

because their bases and units differ. A

reader who needs a number should consult

the original studies and apply Table 3. The

point is not that any single report is poor,

only that its numbers travel less far than its

abstract implies. Reviews are more useful

when they say where the evidence stops

than when they smooth the edges.

5.3 Future Work

Three needs stand out. First, studies that

characterise the oil used, including its

frying history and treatment, and report the

effect of that variation on the outcome.

Second, comparable reporting of yield,

with a stated basis, crude versus purified

product, and consistent assays and

controls. Third, honest economic analyses

that include collection, pretreatment and

recovery, and safety work on both

producer strains and products, including

non-pathogenic alternatives to the usual

rhamnolipid producers (27, 37). Nothing

here argues against valorising waste oil; it

argues for measuring what happens when

it is done. These cautions apply equally to

any waste-derived substrate, not only to

frying oil.

6. Conclusion

Waste frying oil is a plausible and widely

studied substrate for microbial

biosurfactant production, rich in fatty acids

and available where food is fried. Reports

of rhamnolipid production on such oil are

credible, yet they rest on a variable

substrate, unharmonised assays and, with

few exceptions, an incomplete account of

cost. How much money the oil really saves

is not established.

The practical message is short: describe

the oil, justify the organism, state the basis

of the yield, include the controls and count

every cost.
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