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ABSTRACT

Yeast isolated from waste olive pulp obtained from a local olive oil mill was identified and determined to be a
Candida tropicalis strain. Lipase production optimization of C. tropicalis strain has been completed. The lipase
produced according to the optimization parameters was partially purified by ammonium sulfate precipitation
and dialysis. Crude enzyme, partially purified lipase, and cells of the C. torpicalis strain were separately
immobilized into sodium alginate, k-Carrageenan, and Agar-Agar, respectively, and their lipase activities were
investigated. The highest lipase activity was determined as 10.83 U/ml in the partially purified sample that was
not immobilized.
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0oz

Yerel bir zeytin yagi imalathanesinden elde edilen atik zeytin kiispesinden izole edilen maya tanimlanmis ve
Candida tropicalis susu oldugu saptanmistir. C. tropicalis susunun lipaz tretim optimizasyonu tamamlanmistir.
Optimizasyon parametrelerine gore Uretilen lipaz amonyum sulfat ¢oktiirmesi ve diyaliz ile kismi olarak
saflastiriimistir. Kaba enzim, kismen saflastirilmis lipaz ve C. torpicalis susunun hticreleri ayri ayri sirasiyla sodyum
aljinata, k-Karragenana ve Agar-Agar’a tutuklanarak lipaz aktiviteleri arastirilmistir. En yuksek lipaz aktivitesi
immobilize edilmeyen kismi saflastirilmis 6rnekte 10,83 U/ml olarak saptanmustir.
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Introduction

The olive oil production industry, a traditional and
important agricultural industry in Mediterranean
countries, accounts for approximately 97% of the world’s
olive oil production (Rharrabti and Yamani, 2018; Dias et
al., 2021). According to 2023-2024 data, one of the top
three olive oil producers worldwide is Turkey and it’s olive
oil production was 210 thousand tons. Three processes
such as traditional press system, the three-phase
centrifuge system and the two-phase centrifuge system
are used to extract olive oil. As a result of these systems,
two types of waste/residue are formed: liquid and solid.
The seeds, skins and pulp remaining after the olives are
pressed constitute the olive pomace (olive pulp). These
wastes are of great importance in obtaining new microbial
strains for lipase production.

Lipases, triacylglycerol ester hydrolases (E.C. 3.1.1.3),
are serine hydrolases that carry out the hydrolysis and
synthesis of esters of glycerol and long-chain fatty acids.
Industrial lipases are generally esterase enzymes that
hydrolyze fats and oils to diglycerides, monoglycerides,
and finally glycerol and free fatty acids, respectively
(Meghwanshi and Vashishtha, 2018). In an aqueous or
nonagqueous system, lipases catalyze many reactions such
as hydrolysis, ester synthesis, transesterification, and
enantioresolution of esters (Hou, 2002). Lipases from
different sources show significant differences in their
enzyme specificity, which allows them for different
industrial uses. In the energy industry, lipases attract
attention as a non-toxic, biodegradable and renewable
alternative fuel (such as biodiesel production) and energy
source (Matuoog and Yunjun, 2017). Apart from the
energy sector, lipases also have applications especially in
the food, pharmaceutical and detergent industries.
Lipases are used to obtain polyunsaturated fatty acids
from solid or liquid oils. For this reason, it is used as a food
additive and supplement in the medical sector. Lipases
can also be used in the production of various chemicals,
including food, pesticides and drugs. Dyeing of wool is
enriched with reactive dyes using lipase (Ulbrich-
Hofmann, 2012). Another area of use of lipases is
bioremediation. For instance, it can be used in the
treatment of wastewater from the meat industry. It is
applied in the treatment of oily wastes containing solid
and liquid oils discharged by the dairy industry,
restaurants, slaughterhouses, hospitals or health centers
(Basheer et al., 2011). Lipases can synthesize a chiral
intermediate for the production of Polixatel, which is
applied as an anticancer drug, especially in ovarian cancer
(Fukaya et al.,, 2016). Lipases are also included in
biosensor applications (Melani et al., 2019).

Lipase sources can be plant, animal or microbial
(Gupta et al., 2004). Microbial lipases are generally more
stable than animal or plant lipases (Hou, 2002).
Extracellular lipase production is higher than intracellular
lipase production, and extracellular lipases are produced
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by bacteria, yeasts, and molds. Yeasts have some
advantages over bacteria and molds. For instance, they
are more resistant to high substrate concentrations. They
also have greater tolerance to metal ions. For these
reasons, they allow for ease of growth and processing and
the use of less refined and cheaper substrates such as
agricultural industrial by-products (Rane and Sims, 1993;
Rehman et al., 2014). Many yeasts have been studied in
the production of lipase. Among these, Candida species
are the most prominent (Sakpuntoon et al., 2020).
Candida species that produce lipase include C. curvata, C.
tropicalis, C. valida, C. rugosa, C. utilis, C. pellioculosa, C.
antarctica, C. cylindraceae, C. deformans, and C.
parapsilosis (Ghosh et al, 1996; Tokak et al, 2019; Baskan
and Acikel, 2023). The yeast most commonly used in
commercial lipase production is Candida rugosa
(Sakpuntoon et al, 2020). However, other species that
produce lipase should not be ignored. Among the lipase-
producing species other than Candida, Yarrowia lipolytica
(formerly Candida lipolytica) stands out. Additionally,
Saccharomyces cerevisiae, Saccharomycopsis fibuligera,
Geotrichum species (such as G. candidum, G. asteroids,
Geotrichum  sp. FO401B), Kluyveromyces lactis,
Trichosporon species (such as T. asteroides, T. cutaneum,
T. fermentans) are also taken place in the literature as
lipase producing species (Vakhlu and Kour, 2006).

Enzyme immobilization refers to an enzyme that is
physically or chemically confined or localized to a specific
area or region and retains abundant catalytic activity over
several subsequent cycles (Kumar et al., 2023). Free
enzymes have many disadvantages as well as advantages.
The most important of these is that free enzymes are
easily broken down and inactivated. Another is that free
enzymes cannot be recovered and reused (Matuoog and
Yunjun, 2017). Therefore, immobilization of enzymes is
required, especially in industrial application areas.
Immobilization increases the recyclability of enzymes and
also increases enzyme stability and activity (Mehta et al.,
2017). There are various methods or techniques for
immobilization of enzymes using different supports, such
as physical adsorption, covalent binding, membrane
confinement, encapsulation, entrapment and cross-
linking (Thangaraj and Solomon, 2019%). While physical
adsorption is reversible, the others are irreversible. The
carriers used in lipase immobilization are very important
because their interactions with enzyme molecules can
affect the activity and stability of immobilized lipases
(Thangaraj and Solomon, 2019P). These carriers can be a
synthetic organic polymer, a biopolymer, or an inorganic
polymer. There are various enzyme immobilization carrier
materials, including glass beads, macroporous resin,
mesoporous silica, sol-gel material, magnetic particles and
carbon nanotube (Matuoog and Yunjun, 2017).

In this study, a yeast strain obtained from olive pulp
taken from a local olive oil mill was identified as Candida
tropicalis and after lipase enzyme optimization, it was
partially purified by ammonium sulfate precipitation and
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dialysis and both yeast and crude enzyme extract were
immobilized on sodium-alginate, k-Carrageenan and agar-
agar carriers and enzyme stability was investigated.

Material and Methods

Isolation and Identification of The Microorganism

Waste olive pulp obtained from a local olive oil mill
located in the Tarsus/Mersin region was taken under
sterile conditions. 1 g of olive pulp was taken and
transferred to a tube containing 10 ml of 0.9% NacCl, and
homogenization was ensured. 0.1 ml of this solution was
taken and inoculated into Yeast Medium Agar (YMA)
prepared in a petri plate and incubated at 30°C for 72
hours. The yeast strain with lipolytic activity obtained
after incubation was purified by streak-plate technique.
The purified strain was identified by 18S rRNA (Kebabci
and Cihangir, 2022).

Lipase Production Medium and Determination of
Lipase Activity

Lipase production medium was prepared as grams per
liter; 1 peptone, 12 NaH2POas, 2 KH2PO4, 0.3 MgS04.7H20,
0.25 CaClz, 0.005 FeS04.7H20, 0.015 MnS04.7H.0, 0.03
ZnS04.7H20 (Hatzinikolaou et al., 1996). The pH of the
medium was adjusted to 4.5 and sterilized at 121°C under
1 atm pressure for 15 minutes. After sterilization, 1% olive
oil was added when the ambient temperature dropped
below 65°C. When the medium reached room
temperature, 1 ml of the stock culture was taken and
inoculated into the medium and left for incubation at 30°C
and 100 rpm for 72 hours. After incubation, the medium
was first filtered through Whatman No:1 filter paper and
then centrifuged at 7200 rpm for 10 minutes to obtain the
supernatant (CFS). The supernatant obtained was used for
the measurement of the lipase activity.

The supernatant obtained after incubation in lipase
production medium was used in the determination of
lipase activity. 1 ml of supernatant (enzyme source), 1 ml
of olive oil, 4.5 ml of 50 mM pH 5.6 acetate buffer and 0.5
ml of 0.1 M CaCl2 were mixed and incubated at 200 rpm
for 30 minutes. After incubation, 20 ml of 97% ethyl
alcohol solution was added to stop the reaction. Lipase
activity was determined by titrating the released fatty
acids with 50 mM potassium hydroxide up to pH 10.5
(Sugihara et al., 1991; Kamzolova et al., 2005). One unit of
lipase activity was defined as the activity that released 1
pumol of fatty acid under the conditions given above.

Ammonium Sulfate Precipitation and Dialysis

A modified method was used for ammonium sulfate
precipitation (Kebabci and Cihangir, 2011). Ammonium
sulfate was added to 100 ml of supernatant to bring it to
40% saturation and the process was carried out for 24
hours at +4°C with continuous stirring. At the end of the
period, the precipitate was collected by centrifugation.
Lipase activities in the precipitate and supernatant were
determined. Then, the same procedure was applied for
60% and 80% ammonium sulfate saturation. At each

stage, precipitates were collected and lipase activity and
total protein were determined. After ammonium sulfate
precipitation, the sediment was placed in a dialysis bag for
further purification and dialyzed against water for 48
hours, after which lipase activity and total protein
amounts were determined by the Lowry method (Lowry
et al., 1951). The standard protein curve prepared with
bovine serum albumin was used to calculate the protein
amount.

Immobilization

Sodium-alginate, k-carrageenan and agar-agar were
used as carrier materials for immobilization. These carrier
materials were formed into beads to immobilize Candida
tropicalis biomass, crude lipase and partially purified
lipase and investigated for lipase activity.

Results

As a result of optimization of the lipase production
medium of the newly isolated and identified Candida
tropicalis strain, the enzyme activity was increased from
~5 U/ml to 10.33 U/ml. In the optimization, parameters
such as pH of the production environment, temperature,
carbon source, nitrogen source were investigated. It was
determined that 1% ammonium sulphate added to the
lipase production medium as a nitrogen source increased
enzyme production. Addition of 1% ammonium sulphate
plus 1% olive oil increased lipase production from 10.33
U/ml to 10.67 U/ml in the same medium (Kebabci and
Cihangir, 2022).

Lipase production was carried out by inoculating 1 ml
of Candida tropicalis from the stock culture into modified
lipase production medium to which 1% ammonium sulfate
and 1% olive oil were added, at 30°C and 100 rpm for 72
hours. At the end of incubation, the medium was filtered
through Whatman No:1 filter paper. The resulting blend
was centrifuged at 7200 rpm for 10 minutes to obtain cell-
free medium (CFS). Ammonium sulfate precipitation and
dialysis processes were carried out using this cell-free
medium. 100 ml CFS was used for ammonium sulfate
precipitation and the highest purification obtained from
the crude enzyme was 4.72-fold at 80% saturation (Table
1). The medium obtained after ammonium sulfate
precipitation was subjected to dialysis at +4°C overnight.
Protein and lipase activity were determined in enzymatic
fractions for all processes. At the end of the purification,
7.25-fold partial purification was achieved (Table 2).

Sodium-alginate, k-Carrageenan and agar-agar beads
were prepared as carriers for immobilization. The
prepared beads, 3-4 mm, were used in the study. Candida
tropicalis biomass and crude lipase and partially purified
lipase were trapped in carriers and stored at +4°C, and
then lipase activity determinations were carried out. Data
obtained as a result of immobilization showed that the
highest lipase activities were in the non-immobilized
samples. Partially purified lipase showed the highest
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lipase activity with 10.83 U/ml, despite being diluted 7.25-
fold (Figure 1).

10,83
9,83

6,33

Lipase Activity (U/ml)
(@)

4 u
2 _
0 B T T
Crude Enzyme Partially Purified Enzyme Candida tropicalis
Biomass

B Un-entrapped Ok-Carrageenan B Na-Alginate B Agar-Agar

Figure 1. Lipase activities of crude lipase, partially purified lipase and Candida tropicalis biomass trapped in
Sodium-Alginate, k-Carrageenan and Agar-Agar.

Table 1. Partial purification of lipase enzyme by ammonium sulfate precipitation.

Protein Enzyme
mg/ml  Total ml  Total Uni Total ifi . e
Fractions Total 4 (n:tga) i A(Z:ia:/itL\J/ t A:iavitsy?ec © " VYield Purification
Volume (ml) (%) Fold
(U/mg
protein)
Crude 100 0.252 25.20 523 533.0 21.15 100 1
Enzyme
e %40 10 0.620 6.20 15.17 151.7 24.47 28.46 1.16
42 E %60 10 0.456 4.56 26.33 263.3 57.74 49.40 2.73
YT %80 10 0.483 4383 48.17 481.7 99.73 90.38 4.72
Table 2. Purification of lipase enzyme after dialysis.
Protein Enzyme
mg/ml  Total U/ml  Total Unit  Total
Total . o . e
Fractions Volume (mg) Activity Spe.C|.f|c \geld Purification
(ml) Activity (%) Fold
(U/mg
protein)
Crude Enzyme 100 0.252  25.20 5,33 533.0 21.15 100 1
Ammonium 10 0.483 4.83 48.17 481.7 99.73 90.38 4.72

sulfate
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Precipitation
80%
Dialysis 5

0.578 3.89

Discussions

Enzyme biotechnology, one of the sub-branches of
biotechnology, has a significant share in the industrial field.
The size of the global enzyme market is estimated to be
approximately 6.4 billion USD in 2024. The lipase market is
thought to be approximately 760 million US dollars in 2024.
While molds have a 60% share in the production of industrial
enzymes, bacteria have a 24% share, yeasts have a 4% share
and plants and animals have a 10% share (Fasim et al., 2021).
Immobilization of lipases and the microorganisms that
produce them is gaining importance in the sustainable
enzyme market. It is observed that lipases used especially in
synthesis and biotransformation are immobilized. Because
recycling of expensive lipases is of industrial importance
(Sharma et al., 2001). Immobilization can also increase
enzyme stability and activity. Lipases are produced by many
Candida species, but C. rugosa is one of the most commonly
used for lipase production (Vakhlu and Kour, 2006). C
tropicalis, is also being studied for lipase production. There
are many studies in the literature on Candida tropicalis and
the lipase it produces. The majority of these are related to
biofuel production. Thangavelu et al. (2020) investigated
Candida tropicalis ASY2 strain to produce microbial lipids for
use as biodiesel feedstock. In a study carried out by Kutty et
al. (2012) the degradation of petroleum hydrocarbons by
immobilized Candida tropicalis (SD 302) strain was studied.
There are also studies on phenol degradation from
immobilized Candida tropicalis strains (Chen et al., 2002;
Varma and Gaikwad, 2010; Kumar et al., 2018; Silva et al.,
2019). Another degradation study was carried out by Tan et
al. (2014) on acid Orange G using Candida tropicalis TL-F1
strain. In a study carried out by Pothayi et al. (2022) the
production of lipase enzyme in C. tropicalis strains using
various parameters was investigated. In another study, C.
tropicalis strain was used in the production of flavor
compounds from olive mill waste (Guneser et al., 2017).
Scientific studies show that research on C. tropicalis and its
lipase is especially focused on biofuel and biodegradation.
Various carriers are used for the immobilization of Candida
tropicalis lipase and biomass. Immobilization of microbial
cells or their enzymes in gels such as calcium alginate, K-
carrageenan and chitosan is a well-known technique
(Fadnavis et al., 2003). In our study, lipase and biomass
produced by Candida tropicalis were immobilized on these
three carriers. Although loss of activity is observed after
immobilization, it is advantageous when it comes to the
stability of immobilized samples. It would be appropriate to
use the newly isolated Candida tropicalis strain especially in
biofuel and biodegradation studies.

References

Basheer SM, Chellappan S, Beena PS, Sukumaran RK, Elyas KK,
Chandrasekaran M. 2011. Lipase from marine Aspergillus
awamori BTMFWO032: production, partial purification and

29.83

596.6 153.37 111.93 7.25

application in oil effluent treatment. New Biotechnology,
28(6): 627-638. doi: 10.1016/j.nbt.2011.04.007

Baskan G, and Agikel U. 2023. The Effects of Heavy Metals and
Molasses on Enzyme Activity of Candida Yeast. Cumhuriyet
Science Journal, 44(3): 497-503. doi: 10.17776/csj.1127921

Chen K-C, Lin Y-H, Chen W-H, Liu Y-C. 2002. Degradation of
phenol by PAA-immobilized Candida tropicalis. Enzyme and
Microbial Technology, 31(4): 490-497. doi: 10.1016/50141-
0229(02)00148-5

Dias B, Lopes M, Raméda R, Pereira AS, Belo I. 2021. Candida
tropicalis as a Promising Oleaginous Yeast for Olive Mill
Wastewater Bioconversion. Energies, 14(3): 640. doi:
10.3390/en14030640

Fadnavis NW, Sheelu G, Kumar BM, Bhalerao MU, Deshpande
AA. 2003. Gelatin blends with alginate: gels for lipase
immobilization and purification. Biotechnology Progress,
19(2): 557-564. doi: 10.1021/bp010172f

Fasim A, More VS, More SS. (2021). Large-scale production of
enzymes for biotechnology uses. Current Opinion in
Biotechnology, 69: 68-76. doi: 10.1016/j.copbio.2020.12. 002

Fukaya K, Yamaguchi Y, Watanabe A, Yamamoto H, Sugai T, Sugai
T, Sato T, Chida N. 2016. Practical synthesis of the C-ring
precursor of paclitaxel from 3-methoxytoluene. The Journal
of Antibiotics, 69: 273-279. doi: 10.1038/ja.2016.6

Ghosh PK, Saxena RK, Gupta R, Yaday RP, Davidson S. 1996.
Microbial lipases: production and applications. Science
Progress, 79(Pt 2): 119-157.

Guneser O, Demirkol A, Yuceer YK, Togay SO, Hosoglu M, Elibol
M. 2017. Production of flavor compounds from olive mill
waste by Rhizopus oryzae and Candida tropicalis. Brazilian
Journal of Microbiology, 48 (2) 275-285. doi:
10.1016/j.bjm.2016.08.003

Gupta R, Gupta N, Rathi P. 2004. Bacterial lipases: An overview
of production, purification and biochemical properties.
Applied Microbiology and Biotechnology, 64(6): 763-781.
doi: 10.1007/s00253-004-1568-8

Hatzinikolaou D, Macris JB, Christakopoulos P, Kekos D, Kolisis
FN, Fountoukidis G. 1996. Production and Partial
Characterization of Extracellular Lipase from Aspergillus
niger. Biotechnology Letters, 18: 547-552. doi:
10.1007/BF00140201

Hou CT. 2002. Industrial Uses of Lipase. In: Kuo TM, Gardner HW
(editors). Lipid Biotechnology. New York, Basel: Marcel
Dekker, Inc. pp. 390-416. ISBN 0-8247-0619-6

Kamzolova SV, Morgunov |G, Aurich A, Perevoznikova OA,
Shishkanova NV, Stottmeister U, Finogenova TV. 2005.
Lipase Secretion and Citric Acid Production in Yarrowia
lipolytica Yeast Grown on Animal and Vegetable Fat. Food
Technology and Biotechnology, 43(2): 113-122.

Kebabci O, and Cihangir N. 2022. A Novel Yeast Isolated From
Olive Mill Waste Candida tropicalis; Optimization of Medium
Composition For Lipase Production. The Journal of Fungus,
13(1): 8-14. doi: 10.30708/mantar.992551

Kebabci O, and Cihangir N. 2011. Immobilization of Lipase and
Lipase Producing Yeast, Yarrowia lipolytica NBRC 1658.
Hacettepe Journal of Biology and Chemistry, 39(3): 283-288.

Kumar A, Verma V, Dubey VK, Srivastava A, Garg SK, Singh VP,
Arora PK. 2023. Industrial applications of fungal lipases: a
review. Frontiers in Microbiology, 14: 1142536. doi:
10.3389/fmicb.2023.1142536

59



Kebabci, O / Journal of Science and Technology, 3(2): 55-60, 2024

Kumar S, Neeraj, Mishra VK, Karn SKr. 2018. Biodegradation of
phenol by free and immobilized Candida tropicalis NPD1401.
African Journal of Biotechnology, 17(3): 57-64.
doi:10.5897/AJB2017.15906

Kutty SN, Damodaran R, Philip R. 2012. Degradation of
petroleum hydrocarbons by marine yeasts Candida tropicalis
SD 302 and Pichia guilliermondii SD 337. Blue Biotechnology,
1(3): 423-431.

Lowry OH, Rosebrough NJ, Farr AL, Randal RJ. 1951. Protein
mesurement with the folin reagent. Journal of Biological
Chemistry, 193: 265-275.

Matuoog N, and Yunjun Y. 2017. Review: Immobilization and
application of lipase. I0SR Journal of Pharmacy and
Biological Sciences, 12(5): 01-16. doi: 10.9790/3008-
1205010116

Meghwanshi GK, and Vashishtha A. 2018. Biotechnology of
Fungal Lipases. In: Gehlot P, Singh J (editors). Fungi and their
Role in Sustainable Development: Current Perspectives.
Singapore, Springer. pp. 383-412. ISBN 978-981-13-0392-0

Mehta A, Bodh U, Gupta R. 2017. Fungal lipases: a review.
Journal of Biotech Research, 8(1): 58-77.

Melani NB, Tambourgi EB, Silveira E. 2019. Lipases: From
Production to Applications. Separation & Purification
Reviews, 49(2): 143-158. doi:
10.1080/15422119.2018.1564328

Pothayi V, Kutty SN, Devasia SC. 2022. Effect of Physico-Chemical
Parameters in the Production of Hydrolytic Enzymes from
Yeast Candida tropicalis Isolated from the Mangrove
Sediments of North Kerala, India. Jordan Journal of Biological
Sciences, 15(2): 249-255. doi: 10.54319/jjbs/150212

Rane K, and Sims K. 1993. Production of citric acid by Candida
lipolytica Y 1095: Effect of glucose concentration on yield
and productivity. Enzyme and Microbial Technology, 15(8):
646-651. doi: 10.1016/0141-0229(93)90063-8

Rehman A, Rasool S, Mukhtar H, ul Haq I. 2014. Production of an
extracellular lipase by Candida utilis NRRL-Y-900 using agro-
industrial by-products. Turkish Journal of Biochemistry,
39(2): 140-149. doi: 10.5505/tjb.2014.96977

Rharrabti Y, and El Yamani M. 2019. Olive mill wastewater:
Treatment and valorization technologies. In: Hussain CM
(editor). Handbook of  Environmental Materials
Management. Switzerland, Springer Nature. pp. 1659-1686.
ISBN 978-3-319-73644-0

Sakpuntoon V, Angchuan J, Boontham W, Khunnamwong P,
Boonmak C, Srisuk N. 2020. Grease Waste as a Reservoir of
Lipase-Producing Yeast and Description of Limtongella
siamensis gen. nov., sp. nov. Microorganisms, 8(1): 27. doi:
10.3390/microorganisms8010027

60

Sharma R, Chisti Y, Banerjee UC. 2001. Production, purification,
characterization, and applications of lipases. Biotechnology
Advances, 19(8): 627-662. doi: 10.1016/s0734-
9750(01)00086-6

Silva NCG, Macedo AC, Pinheiron ADT, Rocha MVP. 2019. Phenol
biodegradation by Candida tropicalis ATCC 750 immobilized
on cashew apple bagasse. Journal of Environmental
Chemical Engineering, 7(3): 103076. doi:
10.1016/j.jece.2019.103076

Sugihara A, Tani T, Tominaga Y. 1991. Purification and
characterization of a novel thermostable lipase from Bacillus
sp. The Journal of Biochemistry, 109(2): 211-216.

Tan L, Li H, Ning S, Hao J. 2014. Aerobic Decolorization and
Degradation of Acid Orange G (AOG) by Suspended Growing
Cells and Immobilized Cells of a Yeast Strain Candida
tropicalis TL-F1. Applied Biochemistry and Biotechnology,
174(4): 1651-1667. doi: 10.1007/s12010-014-1086-9

Thangaraj B, and Solomon PR. 20192. Immobilization of Lipases -
A Review Part I: Enzyme Immobilization. ChemBioEng
Reviews, 6(5): 157-166. doi: 10.1002/cben.201900016

Thangaraj B, and Solomon PR. 2019, Immobilization of Lipases -
A Review Part II: Carrier Materials. ChemBioEng Reviews,
6(5): 167-194. doi: 10.1002/cben.201900017

Thangavelu K, Sundararaju P, Srinivasan N, Muniraj |, Uthandi S.
2020. Simultaneous lipid production for biodiesel feedstock
and decontamination of sago processing wastewater using
Candida tropicalis ASY2. Biotechnology for Biofuels, 13(1):
35. doi: 10.1186/s13068-020-01676-1

Tokak S, Kilig iH, Yalgin HT, Duran T. 2019. Detection of
Extracellular Lipases and Genotypic ldentification from Yeast
Causing Spoilage of Some Dairy Products Produced in
Gaziantep. KSU Journal of Agriculture and Nature, 22 (1):
206-211. doi: 10.18016/ksutarimdoga.vi.555727

Ulbrich-Hofmann R. 2012. Methods in Molecular Biology,
Volume 861: Lipases and Phospholipases: Methods and
Protocols. In: Sandoval G (editor). Wiley Online Library.
ChemBioChem., 13(14). doi: 10.1002/cbic.201200542

Varma RJ, and Gaikwad BG. 2010. Continuous phenol
biodegradation in a simple packed bed bioreactor of calcium
alginate-immobilized Candida tropicalis (NCIM 3556). World
Journal of Microbiology and Biotechnology, 26(5): 805-809.
doi: 10.1007/s11274-009-0236-7

Vakhlu J, and Kour A. 2006. Yeast lipases: Enzyme purification,
biochemical properties and gene cloning. Electronic Journal
of Biotechnology, 9(1): 9. doi: 10.2225/vol9-issuel-fulltext-9



