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Abstract
Surfactants are amphiphatic compounds containing both hydrophilic and hydrophobic groups,

which are capable of lowering surface or interfacial tension. Considering the advantages of using
biosurfactants produced by microorganisms, the aim of this study was to develop and characterise
a biosurfactant produced by Trichoderma sp. MK116452 isolated from Seri Chermin filling
station, Brunei Darussalam, and to examine its potential application in microbial enhanced oil
recovery (MEOR). The microorganism was cultured in a minimal salt medium containing 1%
crude oil as a carbon source and a cell-free culture broth was used to screen its efficiency in
producing biosurfactants. Characterisation of the biosurfactant showed the presence of glycosides
and fatty acids, suggesting its glycolipidic nature. The isolated biosurfactant showed no toxicity to
the micro-crustacean Artemia salina or to red bean (Vigna angularis). The extracted biosurfactant
was effective at recovering up to 60% of crude oil from sand using the sand pack column method,
which is similar to the recovery rate for a chemical surfactant (SDS) (65%). These findings

highlight the potential use of Trichoderma sp. MK116452 biosurfactant in the oil industry.
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1. Introduction

Rapid urbanization and industrialization are the results of increase in global consumption of crude
oil. Naturally, only 30-40% of oil that could be retrieved by conventional recovery techniques
whereas the remaining 60-70% of oil are still trapped in the reservoirs. (Qazi et al. 2013; Ashish
and Debnath (Das) 2018). Due to the fluctuation of oil prices in recent years have cause imbalances
in market supply and demand, though the prices are estimated to maintain within $30-60/bbl for
long period of time. Therefore, countries and petroleum industries that are highly reliant on oil-
based income are needed to come with upgraded technologies for more economical and effective
outcomes.(Geetha et al. 2018; Camara et al. 2019). These technologies were developed to improve

oil extraction and recovery yields including enhanced oil recovery (EOR).

Low permeability of rocks in the reservoirs and high viscosity of crude oil play roles in inhibiting
oil recovery by conventional methods. Hence, the use of chemicals to enhance oil recovery are
applied to increase oil production by altering the interfacial tension, fluid properties, and the
permeability of oil zones (Qazi et al. 2013; de Araujo et al. 2019). However, chemicals can be
expensive and harmful to environment. Other alternative such as microbial enhanced oil recovery
has obtained attention because of its environmentally friendly nature, applicability, and cost

effectiveness (Ali et al. 2019).

MEOR is the involvement of microorganisms or their metabolic products in a biological process
to amend reservoir conditions and discharge trapped oil. Biosurfactant-mediated MEOR is the use
of biosurfactant produced by specific microorganisms to enhance oil recovery (Luna et al. 2016;
Kanna 2017; de Araujo et al. 2019). Biosurfactants have several advantages over chemical
surfactants such as low critical micelle concentration, high biodegradability, greater stability under
extreme conditions, and low toxicity which make them a better choice for oil recovery (Ashish
and Debnath (Das) 2018; Astuti et al. 2019; Maia et al. 2019). In oil recovery, biosurfactant indorse
the formation of micelles and lower the interfacial tension between oil and water, which gives a
physical mechanism for mobilizing oil with a moving aqueous phase, thereby the trapped residual

oil from reservoirs are released (Kanna 2017; Maia et al. 2019).



In this study, Trichoderma sp. MK116452 was used to produce a biosurfactant, which was assessed
for its characterisation, toxicity, and potential for enhanced oil recovery using the sand pack

column method.

2. Materials and methods

The fungal isolate Trichoderma sp. (NCBI GenBank: MK116452), previously isolated from Seri
Chermin filling station, Brunei Darussalam (4°55'59.4"N, 115°01'06.1"E) was used in this study.
This strain was maintained in Sabouraud dextrose agar for repetitive usage. Sabouraud dextrose
broth was used to activate the fungus, which was incubated at 30 °C for seven days and shaken at
120 rpm (Shaker 10-500 rpm, Incubating Bench top, capacity 53 L, lab companion™). This
inoculum was used to produce a biosurfactant in minimal salt medium (MSM). The MSM
contained sucrose 40 g/L; yeast extract 18.8 g/L; sodium acetate 0.5 g/L; sodium benzoate 0.1 g/L;
MgS04.7H20 0.5 g/L; (NH4)2S04 3 g/L; KH2PO4 2 g/L; NaCl 0.9 g/L; and 2% crude oil was used
as an additional carbon source. First, 1% of 48-72 h seed culture of the fungal strain was inoculated
into the production medium (MSM). The cultivation was achieved in a 500 mL Erlenmeyer flask
at 30 °C and 120 rpm for seven days in an incubator shaker. The production medium was
centrifuged at 10,000 rpm at 4 °C for 20 min and filtered through Whatman filter paper No. 1
under vacuum conditions where the cell free supernatant was accumulated and analysed for

biosurfactant production.

2.1 Biosurfactant screening

For screening of biosurfactants, three different tests were performed, following the protocol of

(Morikawa et al. 1993; Bodour and Miller-Maier 1998; Walter et al. 2010; Parthipan et al. 2017a).

2.1.1 Drop-collapse assay

In a drop-collapse assay, 2 uL of crude oil was injected into 12 well plates and 5 pL of cell-free
culture broth was added onto the surface of the oil. The drop size was observed after 1 min with
the aid of a magnifying glass. A negative control was maintained using distilled water (without
surfactant) and the chemical surfactant sodium dodecyl sulphate (SDS) was used as a positive
control. Positive results for biosurfactant production resulted in a drop diameter that was at least 1

mm larger than that produced by distilled water.



2.1.2 Oil displacement assay

An empty petri dish was filled with 50 mL of distilled water and 100 puL of crude oil was added
on the water surface. Then, on the crude oil surface, 10 uL of culture filtrate was dropped and with
the present of surfactant, the crude oil was displaced and gave a diameter of clear zone.
Furthermore, distilled water was used as negative control where no displacement and clear zone

was observed whereas SDS was used as positive control.

2.1.3 Emulsification activity

For this assay, 3 mL of crude oil was dispensed into a test tube which comprised of 3 mL
biosurfactant solution. The test tube was maintained for 24 h after being vigorously vortexed for
2 min and the emulsion height, oil and aqueous zones were measured. The emulsion index (E24)
was determined as the percentage of height of the emulsified layer (mm) divided by the total height

of the liquid column (mm).

2.2 Biosurfactant extraction

For extraction of the biosurfactant, the cell-free supernatant served as the source of the crude
biosurfactant and this supernatant was acidified to pH 2 using 6 N HCI and left overnight at 4 °C
for precipitation. The precipitated biosurfactant was pooled by centrifugation (Sigma 13k) at
10,000 rpm at 4 °C for 20 min and the precipitate was suspended in double-deionised water and
pH was adjusted to pH 7. The biosurfactant solution was then extracted three times using
chloroform:methanol (2:1) for further purification, where only the organic phase was collected.
The organic phase was dried in the oven at 40 °C for a few days until the weight of the product
stabilised. The surfactant assembled after the extraction was believed to be a partially purified

biosurfactant and was applied for characterisation purposes.

2.3 Dry biomass estimation

Dry biomass was obtained by centrifugation at 10,000 rpm and the supernatant was removed and
the pellet was retained. To acquire a complete separated fungal biomass, the centrifugation was
made twice under the same conditions. The pellet was then washed with distilled water and

weighed on filter paper after drying at 80 °C for an hour.



2.4 Characterization of the biosurfactant

2.4.1 Thin layer chromatography (TLC)
For thin layer chromatography (TLC), 0.1 g of partially purified biosurfactant was dissolved in 1
mL of water for analysis, with a chloroform:methanol:water ratio of 65:25:4 (v/v/v) solution as

the developing solvent (Zhang et al. 2012).

2.4.1.1 Glycolipids
The TLC plate was spurted with phenol-sulphuric acid reagent and desiccated at 100-110 °C for

10-15 min. The phenol sulphuric acid reagent contained 3 g of phenol and 5 mL of sulphuric acid
in 95 mL of ethanol. Brown dots were observed on the TLC plate indicate the presence of
glycolipids.

2.4.1.2 Lipids

The plate was placed vertically in a chamber saturated with iodine vapour. Iodine binds to the

unsaturated carbon bonds of lipid molecules, resulting in dark bands along the TLC plates.

2.4.1.3 Proteins
The TLC plate was sprayed using ninhydrin solution (0.2 g of ninhydrin dissolved in 12 mL of

95% ethanol). After spraying, it was dried at 100—-100 °C for 10—15 min and the presence of protein

was recorded based on the appearance of colour on the TLC plate.

2.4.2 Fourier-transform infrared spectrum (FTIR)

To examine the functionalities associated with biosurfactant, FTIR (Alpha T Bruker) was used.
The purified biosurfactant was dried in an oven at 120 °C for 2 h before it was ground with
potassium bromide (KBr) at a ratio of 1:100 (0.002 g of partially purified biosurfactant was ground
with 0.2 g of KBr). The pellet was secured in the sample container and analysed in IR region (400-

4500 cm™') at room temperature.

2.4.3 Gas chromatography- mass spectrometry

The gas chromatography mass spectrum was done by Professor Steven Yuan from National
University of Singapore. The column used was Agilent 12623, RTX-5ms (30 m x 250 pm x 0.25
um) where first 10 mg of biosurfactant was dissolved in methanol and 5 pl of the sample was
injected into a gas chromatograph under splitless condition. The carrier gas used was helium with

the flow rate of 1.5 mL/min and the working temperature of the GC injector was 260 °C. The
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gradient temperature was set at a speed of 5 °C per minute ranging from 60 to 260 °C and
maintained at 260 °C for 10 minutes at the end of analysis. The mass spectra were obtained with
a mass range of 30-500 amu. The identification of components was done in scan mode by using
NISTII and the target mass spectra obtained from samples were compared with mass spectra

obtained from the library.

2.4.4 SEM-EDS

Morphological studies of the biosurfactant were performed using field emission scanning electron
microscopy (FESEM, JSEM-7610F). The samples were dried and coated with carbon prior to the
measurement. The image was taken at 10,000x in high resolution and the elemental measurement

was carried out using EDS.
2.5 Toxicity test of biosurfactant

2.5.1 Cytotoxicity test

The cytotoxic effects of the biosurfactant were tested using a brine shrimp assay (Solis et al. 2006;
Qazi et al. 2013; High et al. 2016). Several concentrations of partially purified biosurfactant (100,
1000, and 10,000 ppm) were dissolved in water. For preparation of artificial sea water, 34 g of
commercial sea salt was dissolved in 1 L of distilled water. Four litres of the salt water were poured
into a shallow rectangular dish and this dish was divided into two unequal compartments by fitting
Styrofoam with several 5 mm holes as a divider. Three grams of brine shrimp eggs (Artemia salina)
was soaked in Chlorox® for 5 mins and then ground using filter paper. These eggs were sprinkled
onto a large portion of the dish. Aluminium foil was used to cover the larger portion of the dish to
provide darkness for the eggs to hatch, while the smaller portion was kept in light; the temperature
of the salt water was maintained at 30 °C. Brine shrimp began to hatch within 24 h and were left
for another 6 h to mature. The nauplii (brine shrimp larvae) were collected using a Pasteur pipette.
For the assay, 12 well plates were filled with 2 mL of salt water and ten shrimps were transferred
to the well plate by pipette and the volume of sea water was maximized to 5 mL. The 12 well
plates were placed under light at 25-30 °C. The number of surviving and dead shrimp were counted
with the aid of a magnifying glass after 24 h. The toxicity was measured by the LC50 dose, where

LC50 > 1000 indicates no toxicity of the surfactant for brine shrimp.



2.5.2 Phytotoxicity test

Phytotoxic effects of different concentrations of partially purified biosurfactant (10, 30, and 60
mg/mL) were analysed using red bean (Vigna angularis) (Sobrinho et al. 2013; Rufino et al. 2014;
Sharma et al. 2014). Seed surfaces were sterilized using 5% sodium hypochlorite for 30 min and
rinsed with sterile distilled water. Sterile filter paper in the glass petri dish was wetted with 5 mL
of the samples before adding a total of 20 seeds into the petri dish. The seeds were incubated at 25
°C for three days under light and the mean number of germinated seeds was counted on day 3. For
the negative control, distilled water was used, whereas SDS was used as a positive control.

Experiments were performed in triplicate. The percentage seed germination was calculated as

C

A—B=
Total no of seeds

x 100

where A is the total number of seeds germinated in the negative control (distilled water) and B is

the total number of seeds germinated in the sample.

2.6 Sand pack column method for oil recovery

For oil recovery, the methods described by (Ashish and Debnath (Das) 2018; Sharma et al. 2018;
Ghazala et al. 2019; Maia et al. 2019) were used with slight modifications. The biosurfactant was
analysed using artificially contaminated sand, where 50 g of sand was mixed with 15 mL crude oil
in a 100 mL Erlenmeyer flask and was shaken for 24 h. The sand was put in the column and washed
with 5% brine water until no additional oil was discharged in the effluent, indicating that the crude
oil was trapped in the sand. The amount of oil washed off was measured. Next, 2 mL of
biosurfactant solution (1 g/L) was added to the column and incubated at room temperature for 24
h. After incubation, the sand was washed using 5% brine water and the oil discharged was

measured until no additional oil washed off. The percentage of oil recovery was calculated as

Amount of oil washed of f after adding surfactant (mL)

. o) —
Percentage of oil recovery (%) Amount of oil added to the sand — Amount of oil wasehd of f by brine solution



3. Results

3.1 Biosurfactant screening

At the end of frequent sub-culturing and screening methods, Trichoderma sp. MK116452 was
recognised as an outstanding biosurfactant producer. The strain applied in this experiment gave
positive results for all biosurfactant screening methods. In the drop-collapse assay, drop collapse
was up to 3.67 £ 0.29 mm (the value for distilled water is 2 + 0 mm), indicating a high amount of
biosurfactant present in the solution. The emulsification index was 17.82 + 1.34% for initial
screening. These results indicate that the biosurfactant produced by Trichoderma sp. MK116452
possesses low emulsifying activity. In the oil displacement assay, addition of the surfactant
solution to the crude oil layer gave a clear zone of 7.3 + 0.2 cm. This result proved the presence of

biosurfactant in the cell-free culture broth.

3.2 Biosurfactant yield

To determine the production of biosurfactant using different fungal strains, all factors were kept
constant: pH 5.6, incubation temperature of 30 °C for 7 d, 1% of two-day-old inoculum, crude oil
as the carbon source, and using the same media (MSM). Trichoderma sp. MK116452 produced a
biosurfactant yield of 6.33 £ 1.70 g/L after purification with chloroform and methanol with a

biomass of 1.08 + 0.005 g.

3.3 Characterization of biosurfactant

3.3.1 Thin layer chromatography (TLC)

Different tests were applied to determine the presence of proteins, sugars, and fatty acids in the
crude extracts of Trichoderma sp. MK116452. The ninhydrin reaction showed no changes in
colour, therefore, no compounds representing proteins were present in the biosurfactant produced
by Trichoderma sp. MK116452. The sulphuric acid-phenol reaction appeared saffron yellow,
indicating the presence of sugar. This suggests that glycolipids were produced by Trichoderma sp.
MK116452. Iodine vapour was used to check for the presence of lipids and the surfactants
produced by Trichoderma sp. MK116452 showed dark bands along the TLC plate.



3.3.2 Fourier-transform infrared (FTIR) spectrum
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Figure 1 Fourier-transform infrared (FTIR) spectrum for a biosurfactant from Trichoderma sp.
MK116452

The FTIR spectrum of the purified biosurfactant powder showed a peak at 3550-3200 cm
indicating the presence of O-H bonds. The peak at 1648-1638 cm’! indicates the existence of
alkenes (C=C) and the strong peak at 1408—1400 cm™' was likely due to the presence of sulphur
(S=0). The absorption band at 2960-2930 cm™! verified the amount of C-H stretching vibrations
of hydrocarbon chains of alkyl (CH2-CH3) groups. FTIR spectrum showed the occurrence of
glycosidic bonds (C-O-C) in the molecules at the absorption band of 1098-1052 cm™!. In summary,
the biosurfactant produced by Trichoderma sp. belongs to the glycolipid group.

3.3.3 Gas chromatography-mass spectrometry

Biosurfactant extracted from Trichoderma sp. MK116452 further revealed the existence of
glycolipid after it was run on gas chromatography-mass spectrometry as the majority of fatty acid
chains in the surfactant was hexadecanoic acid. The surfactant consists of six compounds including
benzaldehyde, 4-methyl; 2,4 di-tert-butyl phenol, methyl ester; hexadecenoic acid, methyl ester;
9-hexadecenoic acid, methyl ester; hexadecenoic acid, methyl ester; 9-octadecenoic acid, methyl

ester and, heptadecanoic acid, 16-methyl, methyl ester as shown in Table 1.



Table 1 GC-MS result for surfactant from Trichoderma sp. MK116452

No. | Retention | Quality/% | Molecular | Peak Structure
Time/Min weight | area/%
1 7.188 97 120 14.51 Benzaldehyde, 4-methyl
HC ‘ N
o
-
0
2 17.565 96 206 1.07 2.4 di-tert-butyl phenol
OH CH,
HaC
CH,
CHs
H4C CH,
3 26.440 99 268 1.48 9-Hexadecenoic acid, methyl ester
4 26.727 99 270 11.01 Hexadecanoic acid, methyl ester
5 30.270 99 296 1.25 9-Octadecenoic acid, methyl ester

O—CHs
oi\x\—\x_\i
CHa,

10




6 30.762 95 298 3.57 Heptadecanoic acid, 16-methyl,
methyl ester

HLC

HLC

O—CHs

3.3.4 SEM-EDS

Figure 2 SEM EDS images for biosurfactant produced by Trichoderma sp. MK116452

SEM-EDS is when electron microscope in fact be equipped with an energy dispersive X-ray
detector and this device can provide the accurate chemical composition of the sample being
analyzed. From Figure 2, the purified biosurfactant in the SEM-EDS analysis showed the presence
of oxygen, sodium, phosphorus, chlorine and potassium in a ratio of 62.20, 14.33, 11.60, 4.70 and
2.21 for surfactant produced by Trichoderma sp. MK116452.

3.4 Toxicity test

3.4.1 Cytotoxicity test
LC50 values were used to determine the toxicity of the surfactant where, according to Mayer’s
toxicity index, LCso 1000 pg/mL was categorised as toxic, while extracts with LCso values > 1000

were considered non-toxic (Santos et al. 2017). The biosurfactant from Trichoderma sp.

MK116452 resulted in LC50 values > 1000, indicating low toxicity.
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Table 2 Cytotoxicity test of surfactant from Trichoderma sp. MK116452

Percentage of
brine shrimp | LC50
alive/%
100 ppm 100
1000 ppm 100 >1000
10,000 ppm 93.33 £5.78
3.4.2 Phytotoxicity test

The germination index (GI) was employed to assess the toxicity of biosurfactant to plant by
combining measures of relative seed germination and relative root elongation. GI values < 80%
were used as an indicator of phytotoxicity (Rufino et al. 2014). The results showed that there were
no inhibitory effects observed on seed germination or root elongation of red bean by the solutions
tested, and GI values > 80% were found for biosurfactant solutions of 10, 30, and 60 mg/mL. SDS
was also tested for phytotoxicity and GI values were < 6% for 10, 30, and 60 mg/mL

concentrations, indicating that SDS was highly toxic to the plant.

Table 3 Phytotoxicity test of surfactant from Trichoderma sp. MK116452

Percentage Mean length of roots | Germination  index
germination (%) (mm) (%)

10 mg/mL 106.25 £ 0.58 17.33 +5.86 204.63

30 mg/mL 87.5+£0.58 9+1 100

60 mg/mL 87.5+0.58 8.33£0.58 81.02

3.5 Sand pack column for oil recovery

To study the efficacy and applicability of crude biosurfacant extracted from the cell free culture
broth of Trichoderma sp. MK116462 for enhanced oil recovery, the biosurfactant solution was
inserted into the column at room temperature. The total oil recovered using the surfactant was
63.33 £5.77%, which is slightly lower than that of the positive control (SDS: 65%), whereas water
could only recover 16% of the oil. This result shows that the surfactant from Trichoderma sp.

MK116452 can help to enhance oil recovery.
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4. Discussion

Many studies have demonstrated the efficiency of fungi in biosurfactant production and these
biosurfactants were employed in many applications such as oil degradation and recovery to
improve their success rate. For screening, drop-collapse assay is one of the easiest methods for
detection of biosurfactants as it can detect the presence of surfactants even at low concentrations
(Dhiman et al. 2016; Ndlovu and Rautenbach 2017). Moreover, the diameter of the sample drop
also increases as the surfactant concentration increases (Varjani and Upasani 2017). The oil
spreading method is another effective technique to detect the presence of biosurfactants. In this
method, if the biosurfactant is present in the supernatant, the oil is displaced and a clearing zone
is formed (Liu et al. 2013). The diameter of this clearing zone on the oil surface correlates with
surfactant activity, also called oil displacement activity. For pure biosurfactants, there is a linear
association between the quantity of surfactant and clearing zone diameter (Walter et al. 2010); the
larger the diameter of the clear zone, the higher the surface activity of the test solution (Zhang et
al. 2012). The oil spreading area or clear zone in this assay was directly proportional to the
concentration of the biosurfactant in the solution (Parthipan et al. 2017b). Trichoderma can
produce large amounts of biosurfactant in a short period of time. Maheswari and Parveen (2012)
reported that Trichoderma viride produced a diameter of 47 mm in an oil spreading assay and was

capable of degrading toluene (Maheswari and Parveen 2012).

Emulsification assay is an indirect method to screen biosurfactant production (Thavasi et al. 2013).
This assay determines the productivity of bioemulsifiers. Emulsifier production is induced by the
growth of surfactants on hydrocarbons, thus, microorganisms that do not produce the emulsifier,
do not produce biosurfactants (Ron and Rosenberg 2002; Satpute et al. 2010). However, surface
activity and emulsification capacity do not always correlate, as shown in our results (Raza et al.

2007).

Maximum biosurfactant production by Trichoderma viride was recorded at a mass of 1.2 +0.86 g
in 100 mL of media with diesel as a carbon source, when compared with production for other oils
such as kerosene, petrol, and vegetable oil (Maheswari and Parveen 2012). However, there are no
records of biosurfactants produced by Trichoderma sp. using crude oil as a carbon source that
could support the findings in this research. Carbon is one of the factors that could affect the

production of surfactants.
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Trichoderma sp. MK116452 was suspected to produce a glycolipid biosurfactant, as sugars and
lipids were observed in the TLC results. No previous studies have examined the structure and
functional groups of the biosurfactant produced by Trichoderma. FTIR analysis in Figure 1
showed the existence of seven peaks. These absorption peaks demonstrated the presence of fatty
acids, sulphonates, and glycosides (Patowary et al. 2017). From mass spectrometry, the discovered
compounds were mostly fatty acids in nature such as hexadecanoic acid and octadecenoic acid
(Bhawsar and Singh, 2016; Ibrahim et al., 2013; Parthipan et al., 2017). In various studies of
glycolipid, hexadecanoic acid was found as the main fatty acid chains similarly with the finding
in this research and it confirmed that the surfactant produced by Trichoderma sp. MK116452 was
glycolipid (Sharma et al. 2014, 2015; Santhappan and Pandian 2017). In glycolipid produced by
Pseudomonas and Rhodococcus species predominantly consist of 3, hydroxy fatty acid but could
not be found in the surfactant from Trichoderma species in this study and this could be due to
different substrates influence the structural formation of surfactant (Peng et al. 2008; Cortés-
Séanchez et al. 2013). There was no distinct group of glycolipids illustrated in the mass spectrum,
therefore further analysis such as NMR needed to further identify the structure of surfactant
produced by Trichoderma species. SEM imaging in Figure 2 showed the structural porous web of
biosurfactant similarly with the research that has been done by Bansal et al., 2019, where glycolipid
was observed under SEM (Bansal et al. 2019). The presence of oxygen in a relatively abundant
quantity designates the existence of carbohydrate and lipid complex moiety in the biosurfactant
samples (Patowary et al. 2017). The size of biosurfactant produced by Trichoderma sp. MK116452
was 3 nm with a total of 10,634 particles. The size of surfactant is important as smaller size of the
particles could improve adsorption ratio and rate of reaction which make them more favorable to

be used for enhancement of oil recovery (Geetha et al. 2018).

Due to environmental concerns, in this study the biosurfactant product was examined for cytotoxic
and phytotoxic potential. The results showed that the biosurfactant would not be cytotoxic to
indigenous microflora and it was found to be safe for environmental applications. However, the
biosurfactant did show phytotoxic effects when applied at high concentrations as the GI decreased
at a high concentration of surfactant applied to the beans. The inhibition of seed germination in
lettuce gradually increased when surfactant from Candida lipolytica was applied (Rufino et al.
2014; Santos et al. 2017). This finding indicates that this product could be used in agriculture as a

bio-pesticide to control weeds (Qazi et al. 2013).
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There were numerous articles emphasizing the achievement of ex sifu biosurfactant-mediated
MEOR at the laboratory scale, which highlights the comfort of application and huge success rate
(Qazi et al. 2013; Kanna 2017; Ashish and Debnath (Das) 2018; Santos et al. 2018; Ali et al. 2019;
Astuti et al. 2019; Camara et al. 2019; de Araujo et al. 2019; Ghazala et al. 2019; Maia et al. 2019).
Biosurfactants can recover around 10-85% of oil from sand pack columns or core floods. For
example, the biosurfactant produced by Fusarium sp. BS-8 recovered 45% of the oil in a sand pack
column (Qazi et al. 2013). There are several advantages for oil recovery using biosurfactants, such
as the use of cheap agro-industrial waste, faster production, and high success rates (Nayak et al.
2009; de Araujo et al. 2019). However, there are some major challenges associated with
biosurfactant-mediated oil recovery including the cost effectiveness of using chemical surfactants
compared with biosurfactants, capital expenditure to buy the industrial bioreactors needed for
scale-up, and, similarly to chemical surfactants, biosurfactant have issues with adsorption to rock

(Geetha et al. 2018).

5. Conclusion

In the present study, we demonstrated that Trichoderma sp. MK116452 is a potential source of
biosurfactant for oil recovery. The biosurfactant produced by this strain had the ability to recover
oil using the sand pack column method at similar rates to a synthetic surfactant. This biosurfactant
is a glycolipid and has low toxicity compared with that of chemical surfactants, making it

preferable for use in environmental applications.

Abbreviation
amu Atomic mass unit
Bbl Barrel
°C Degree Celsius

EOR Enhanced oil recovery

E24 Emulsion index

Gl Germination index
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g Gram

g/L Gram per litre

h Hour

uL Microlitre

mL Millilitre

min Minute

NCBI National Centre of Biotechnology

NMR Nuclear magnetic resonance
% Percentage
rpm Revolutions per minute
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Figure 1

Fourier-transform infrared (FTIR) spectrum for a biosurfactant from Trichoderma sp. MK116452

Figure 2

SEM EDS images for biosurfactant produced by Trichoderma sp. MK116452



