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Abstract:
The objective of this study was to evaluate the hydrolytic activity of a lipase extracted from a
vegetable source and more precisely, that found in oilseeds. The first step was chosen the
vegetable source which gave a maximum lipase activity. After screening, the crude enzyme extract
underwent partial purification. In the second step, the effects of certain physico-chemicals
parameters on the lipase activity have been studied. The analysis of the influence of the operating
conditions (pH, temperature, the concentration of the substrate “triglycerides” and the
concentration of enzyme) on the initial rate of the lipase enzymatic reaction is an essential step in
any enzymatic study. Among four vegetable sources analyzed quantitatively by an enzymatic
assay, castor seeds "Ricinus communis L", have a significant catalytic power compared to other
sources and a stability of activity. These seeds are well adapted to our study. The effects of
physico-chemical agents on the hydrolysis of olive oil using partially purified enzyme fractions of
ricin lipase "Ricinus communis L" show that the neutral pH 7.0+0.055 and the temperature 40
+0.056 °C were the most favorable to catalyze 3.8 102 M of the substrate using 0.6 g of enzyme.
Enzymatic hydrolysis using Ricinus communis L lipase gave a hydrolysis yield of 58% for a period of
30 min. The Kw and Vu values of the partially purified lipase for triglycerides hydrolysis were found
to be 0.016 M and 90.9 umol/min.
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I. Introduction

Fats or lipids are very energetic compounds, consisting mainly of triglycerides (TG). They are
not only a source of energy but an important raw material for the industry in the preparation of
fatty acids [1]. There are many types of methods to release free fatty acids out of triglyceride

structure such as acidic hydrolysis, alkaline hydrolysis, or enzymatic hydrolysis [2,3].
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The application of enzymatic catalysis to chemical processes decreases the use of harmful
products in the environment and thus reduces the cost of treatment. Enzymes offer a distinct
advantage due to their high catalytic turn-over power, specificity, biodegradability and limited

by-product formation

The transformation of triglycerides to fatty acids and glycerol is done by enzymes called
hydrolases. Among the hydrolases that can catalyze the transformation reaction of triglycerides,

lipases [6].

Lipases or triacylglycerol ester hydrolase (EC 3.1.1.3) are widely distributed in nature [7], are
generally found in animals, plants and microorganisms. They have an important physiological
role in fat metabolism in the presence of water. The hydrolysis reactions of the ester bonds of
hydrophobic substrates take place at the lipid / water interface [8,9]. Depending on the reaction
conditions in which they are found, in particular the water content of the medium, lipases can
also carry out esterification (reaction between an acid and an alcohol), transesterification
(between an ester and an alcohol) or interesterification reactions (reaction between two esters)
[10,11,12]. According to the works of some authors, plants or plant biomass represent a very
abundant source for extracting lipases [13,14]. Which are extracted from oilseeds are simple to
perform at low cost, easily exploitable and has high specificity [15]. Fernanda et 4/ found that the

high hydrolysis conversions can be achieved under mild conditions and low times using vegetable

lipases [16].

Our study aims to explore the catalytic potential of a vegetable lipase extracted from plant seeds.
For this purpose, the hydrolysis reaction of lipids has been studied. Focus will be given to the
determination and implementation of the best conditions to enhance the implementation of
lipase in order to conduct the reactions in the most favorable conditions to achieve optimal speed

and yield.
I1. Materials and Methods
I1.1. Chemicals and materials

Acetone (essay 2 99.9%) was purchased from Sigma-Aldrich. Buffer solutions were from Fluka.
Ethanol, NaOH and calcium chloride (CaCl,) were from Riedel-de Haén. Castor seeds, Lin

seeds, Ngella Sativa seeds and Back Nigella seeds were purchased from a local market.
I1.2. Preparation of the crude lipase extract

In the present work, the lipase extracted from vegetable sources and in particular those contained

in the seeds of oil sources (castor seeds, Lin seeds, nigella sativa seeds and black nigella seeds).
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The seeds previously peeled were crushed in a mortar. After the addition distilled water, the
samples were vigorously vortexed until the ground material dissolved. The crude lipase extract
(CLE) thus obtained was filtered on a gauze. For each plant material, a crude lipase extract was

obtained.
I1.3. Preparation of olive oil emulsion

With stirring, 20 g of gum arabic were poured in rain in 1L of distilled water previously brought
to the boil. When the gum arabic was dispersing, the solution allowed stirring in an ice-filled
crystallizer until the solution clarified. Using a homogenizer, the olive oil emulsion was prepared
by adding olive oil (it all depends on the desired substrate concentration) in the gum arabic
solution, the mixture was stirred 4 times for 1 minute, stopping for 30 seconds between two

successive agitations to prevent the emulsion from heating up.
I1.4. Enzymatic activity essay

For each seed source, lipase assay was carried out under standard conditions (ambient
temperature, pH 7.0), the reaction medium used was prepared according to the following
procedure [17]: in two Erlenmeyer flasks: 5ml of olive oil emulsion, 3ml of buffer solution pH
7.0 and 0.5ml of CaCl, were introduced. The first Erlenmeyer flask was used as a control, and
3ml of the crude lipase extract (standard test) was added to the second Erlenmeyer flask. After 30
min, the reaction was stopped by adding 5 ml of the acetone-ethanol solution (1: 1, v/ v). Both
media was titrated with 0.05M NaOH solution. The hydrolytic activity of lipases defined as the
amount of enzyme required to produce 1mol of free fatty acid (ng). Thus, the hydrolysis yield is

estimated by the number of moles of acid released
I1.5. Partial purification of the crude lipase extract

The partial purification of the crude lipase extract was carried out according to this procedure
described in several works [18,19]. All the operations of the isolation of the enzyme were carried
out at 4 °C [20]. Three volumes of cold acetone solvent at 4°C were poured drop wise into one
volume of crude lipase extract placed under stirring in the crushed ice. Once the acetone was
poured completely, the mixture (crude extract-acetone) is left in the fridge for 2 hours and then a
white precipitate form. Its recovery was done by centrifugation at 3000 rpm for 5 minutes. The
pellet recovered was dried at room temperature; the powder obtained is the partially purified

lipase (PPL). Isolation was at 4 ° C, so this temperature is sufficient for its conservation.

II.7. Effect of the influence of the reaction conditions on the kinetics of triglyceride

hydrolysis
I1.7.1. Effect of pH

The reaction medium contains 5 ml of the prepared emulsion (contains 0.5 ml of olive oil), 0.5

ml of the CaCl; solution and 3 ml of the buffer solution varying from pH 4.0 to pH 9.0. At
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room temperature and with continuous stirring (1000 rpm), the reaction was started after the
addition of 0.1 g of the purified lipase. After 30 min, the reaction was stopped by the addition of
5 ml of the acetone-ethanol solution (1: 1, v / v). The media are titrated with 0.05M NaOH

solution.
I1.7.2. Effect of temperature

The operating procedure will be repeated, but this time the temperature of the reaction medium

was varied between 20-70 °C using a thermostatic bath.
I1.7.3. Effect of substrate concentration

One of the first measurements taken in any kinetic study was the determination of the reaction
rate as a function of the reactant concentration. Thus, to determine the rate of hydrolysis of olive
oil by lipase, it is first necessary to carry out a kinetic study by varying the concentration of

substrate in the medium.

Then, the operating protocol to be followed was the same as above, except that the concentration

of the substrate (olive oil) was varied between 0.02M and 0.23M.
I1.7.4. Effect of the enzyme concentration

The last parameter that remains to be studied was the enzyme concentration. The evolution of
the enzymatic reaction when the mass of the enzyme was reduced from 0.1 to 0.8 g was
examined under the optimal conditions (pH, T and [Substrate]). The same experimental

protocols are maintained.
I1.8. Hydrolysis yield

In order to evaluate the effect of the enzyme on triglycerides for the different reaction media, the
same reaction medium without enzyme extract, called: controls, was carried out in parallel. The
hydrolysis yield (Hy %) of triglycerides was determined by the semi-purified lipase according to
the following rule:

Hy (%) = ffa—itao) M “ffar;:f;:")*M 100 (1)

Hy: Hydrolysis yield.

Nio: number of moles of initial free fatty acid (pmole).

Ng.: number of moles of free fatty acid after the reaction (pmole).

mrco: mass of initial triglycerides (g).

M: average molar mass of triglycerides (g / mole).
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ITI. Results and Discussions
III.1. Choice the source of lipase

Table 1 summarizes the results of lipase activities for different sources of plant seeds. The
difference in the number of moles between the two media (with lipase and without lipase)
determines the enzymatic activity for each source:

Table 1: Enzymatic activity for different plant sources of lipase

Sources of seeds ng, (pmol)  Enzymatic activity (U)
Castor 240 8
Nigella (black seeds arabia) 220 7.33
Lin 100 3.33
Black Nigella (Habba Sawda) 85 2.83
From this table, it

appears that the castor seed lipase (Ricinus communis L) has the highest hydrolytic activity
compared to that obtained by nigella seeds (NVigella sativa) and lin seeds (Linum usitatissimum L).
Castor seeds were easily peeled and ground. On the other hand, nigella and flax seeds were hard,
which maked it difficult to isolate the enzyme. This evaluation made it possible to assess the
effectiveness of these lipases before the implementation of the enzymatic reactions.

Much work has been carried out using plant lipases for lipid hydrolysis (triglycerides) and for
other applications [14,16,21,22].

Based on these results, castor seeds were chosen for further study.
I11.3. Effect of pH

The activity profile shown in figure 2, suggests that the performance of the hydrolysis of olive oil
by lipase was influenced by the nature of the environment (acid, neutral or alkaline), where it was
observed that the pH increase causes an increase in hydrolysis efficiency to some extent and then
decreases. In the neutral medium (pH = 7+0.055), the hydrolysis of olive oil yield is higher than
that recorded by the other pH values. The similar result was found by commercial lipase CRL
type VII from Candida rugosa (activity 2 700 units/mg solid) [23]. Serri et a/ showed that the
optimum pH for the hydrolysis of palm oil by CRL was 7.5 [24].

Based on these results, we can say that the amino acid residues of the active site of the enzyme
molecule which have ionizable groups (some will bind and positioning the substrate, the other
part in the reaction and used in most maintaining the conformation of the enzyme), are pH

sensitive (the same substrate) and have different ionization states depending on the pH value.
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Hy (%)

Figure 1: Effect of pH on the hydrolysis yield of triglycerides by lipase
([TG] = 0.2M; Tamb; mg = 0.1g; t = 30min).

I11.4. Effect of temperature

Figure 3 shows the hydrolysis yields calculated for each temperature. Effect of reaction
temperature on the hydrolysis yield of triglycerides by castor lipase (Ricinus communis L) has two
opposing effects: On the one hand, the increase in temperature causes the increase in the
molecules agitation which will then increase the frequency of collision between the triglyceride
and the lipase and consequently increase the hydrolysis yield, this stage is between 20 ° C and 40
° C. But on the other hand, above 40°C, the hydrolysis yield decreased with the increase in
temperature, this phenomenon was due to the denaturation of the lipase which alters the protein
structure and thus changes the active lipase conformation to the inactive lipase conformation.
The maximum yield is therefore recorded for an optimal temperature of 40 +0.056 °C. Ejedegba
et a/ found the maximum activity of lipase isolated from coconut (Cocos nucifera linn) seed was
obtained at 35 °C [25]. Nguyen et al. hydrolyzed Virgin Coconut Oil using Candida rugosa
lipase at 40 °C [26].

Maximum enzyme activity of lipase purified from a psychrotrophic bacterium was observed at

37°C using rice bran oil as substrate [27].

Hy (%)

20 30 40 50 60 70
Temperature (°C)

Figure 2: Effect of temperature on the hydrolysis yield of triglycerides by lipase
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([TG] = 0.2M; pH=7.0; mg = 0.1g; t = 30min).

I11.5. Effect of substrate concentration

Figure 4 shows the product development kinetics.
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Figure 3: Kinetics of formation of free fatty acid for each substrate concentration

(pH=7.0,T =40°C; mg = 0.1g, t = 30min).

The optimization criteria are:
* Lipase activity (number of moles of acid released / min).
* Hydrolysis yield ([acid] / [substrate] * 100).

So, to determine the optimal substrate concentration; the initial velocity and the hydrolysis yield

are plotted as a function of the substrate concentration

100 =

80 4 \ -/

60 = \m

40

20

V, (Lmol/min)
Hy (%)

20 = E—

0,00 0,05 0.:!.0 0.:!.5 0,20 0,25
[TG], (M)

Figure 4: Variation of the initial reaction velocity and the hydrolysis yield as a function of

substrate concentration (pH=7.0; T=40°C; mg=0.1g; t=30min).
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The results shown in figure 5 prove that for the more reagents, more the reaction velocity is high
(V). But V no longer increases proportionally when the substrate concentration increases, then
ceases to increase beyond 0.15M. This behavior results from a saturation effect: when V no
longer varies even if the mass of the substrate increases, the system is saturated by the substrate.
The physical interpretation is that each enzyme molecule in the reaction mixture has its substrate

binding site occupied by the substrate.

The intersection of the two curves gives the optimum of the substrate (3.8 102°M), because it

gives better activity and a good hydrolysis yield (35%).

Sibel F. et 4/ found the plotting of initial velocity versus substrate concentration indicated that
the lipase isolated from Candida rugosa was not inhibited up to the substrate concentration of

50% (v/v) [28].

The behavior of “Vy = f ([TG]o)” is similar to that of a classic Michaelis-Menten kinetics. The

initial reaction velocity is therefore given by the following relationship:

[TG]o

Vo=V Km+[TG]o

2)

Vu = Maximum velocity.

Vo = Initial velocity.

Ky = Michaelis-Menten constant.

[TG]o= initial concentration of triglycerides.

Then from this hyperbolic representation (figure 5), we can determine the kinetic parameters Vi

and Ky such that: Vy is the maximum reaction velocity and Ky is the Michaelis-Menten

constant which is the value of [TG], for V = Vu/2.

The graphical determination of Vi and Ky from Figure 5 is not always accurate, and other
methods have been proposed, they are based on a linearization of the Michaelis-Menten equation

(2), the best known is the double inverse representation according to Lineweaver-Burck [29].

The Lineweaver-Burk linearization allows us to confirm whether the kinetics are Michaelian or
not and to access the Vi and Ky parameters. So, we can determine the Viy and Ky parameters

using the double inverse graphic representation 1/V, =f(1/[TG]Jo) from Lineweaver-Burk.

So equation (2) becomes:

1_ 1 Km, 1 (3)

Vo Vm VM [TG]o
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Figure 5: Lineweaver-Burck double inverse representation

The values of kinetic constants obtained from the Lineweaver-Burck linearization illustrated in

Figure 5 are shown in the table 2

Table 2: kinetics constants determined by Lineweaver-Burck linearization.

Kinetics
Vum (pmol/min) | Ky (M)
constants
Model
Linear representation
) 90,9 + 3,71.10% | 0,0160 + 1,47.10°
(Lineweaver-Burck)

The Vi value obtained from the inverse of the intercept. The Michaelis -Menten constant (Ky)
reflects the affinity of the enzyme for its substrate, the lower value represents the high affinity of
the enzyme for the substrate enzyme. It’s also specific to each enzyme source and substrate, such
as the work of Lydia Toscano et a/ who reported the Michaelis-Menten parameters Ky and Vi of
extracellular lipase produced from Trichoderma harzianum by solid state to be 6,6 mmol/L and
7,5 U/mL [30]. However, Sherly Rusli et 2/ also reported that the Michaelis -Menten constant of
Commercial enzyme Lipomod 034P (L34P) from Candida rugosa using semi-refined sunflower

as source of triglycerides was 121,26 mol/L [31]. The R-squared (0,98) is a measure of how well
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a linear regression model fits a dataset, this value indicates that Lineweaver-Burke plot it almost
perfectly linear. Consequently, we can conclude that hydrolysis of the triglyceride from olive oil

source by the lipase extracted from castor beans followed Michaelis-Menten kinetics.
I11.6. Effect of enzyme concentration

The numbers of moles of the product are noted in function of enzyme mass. The results are
illustrated in figure 6 suggest that:

For a given substrate mass, the study of variations of product moles number as a function of
enzyme mass shows that this variation is not linear. The curve has a hyperbolic shape
corresponding to the fact that beyond a certain enzyme mass, the entire substrate is in the form
of an enzyme-substrate complex; it follows that the product moles number in function of this
complex concentration remains constant.

Then the hydrolysis yield for pH = 7.0+0.055, T = 40+0.056 °C, [TG] = 3.8 10”°M and mg =
0.6+0.049g is 58%. The study of Florencia et 4/ using 0.05 g lipase powder (LP) extracted from
castor bean seed and 0.20 sunflower oil:aqueous phase (w/w) without gum arabic gave 20.47 +

7.19 mmolFFA/goil-gLP-h [32].

200 -

180 o

160 //-/—
140 /

120 /

100 <

80 -

n,, (mole)

60 -

40 4

20 -

o T T T T T T T T 1

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

m_ (9)

Figure 6: Variations of product moles number as a function of enzyme mass

(pH =7.0,T=40°C, [TG] = 3.8 10%M, t = 30min).
IV. Conclusion

The main objective of our work was originally to assess the hydrolysis yield of lipids by lipase
extracted from a plant source. Subsequently, the experimental strategy made it possible to
optimize the conditions under which one can have a maximum hydrolysis yield at an acceptable
speed.

Hydrolysis was carried out with castor lipase "Ricinus communis L". Tests show that this plant
source has maximum lipase activity compared to other sources. It was shown during this study

that the physicochemical factors (pH, temperature, the substrate concentration "olive 0il" and the
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enzyme concentration) had a direct influence on the speed of the process and on the hydrolysis
yield.

The results showed that the lipase extracted from the castor seeds gives its maximum activity
point in a neutral medium (pH 7.0) and at a temperature of 40 ° C. One enzymatic unit of lipase

can transform up to 3.8 micromoles of substrate into product per minute.

V. References

[1] Silva H. D., Mirian F., Djéssica R. and Camila D. S. Hydrolysis of macauba kernel oil: ultrasound
application in the substrates pre-emulsion step and effect of the process variables, An. Acad.
Bras. Cienc. 2022. 94: e20211267.

[2] Salimon J., Abdullah B.M. and Salih N. Hydrolysis optimization and characterization study of
preparing fatty acids from Jatropha curcas seed oil. Chem. Cent. J. 2011,5: 1-9.

[3] Alexandra K., Zso6fia T. F., Taméas K., Volford B., Déra A. P., Varga M., Thu H., Andras S.,
Tamas P., Vagvolgyi C., Mondal K. Ch., Kerekes E. B. and Takd M. Hydrolysis of Edible Oils
by Fungal Lipases: An Effective Tool to Produce Bioactive Extracts with Antioxidant and
Antimicrobial Potential, Foods. 2022. 11: 1711.

[4] Alloue W.A.M., Destain J., Ongena M., Blecker C.and Thonart P. Effect of monopropylene
glycol and gamma irradiation on Yarrowia lipolytica lipase, Prep. Biochem. Biotechnol. 2008b.
38: 217-228.

[5] HeY, LiJ., Kodali S., Balle T., Chen B. and Guo Z. Liquid lipases for enzymatic concentration
of n-3 polyunsaturated fatty acids in monoacylglycerols via ethanolysis: Catalytic specificity and
parameterization. Bioresour. Technol. 2017. 224 : 445-456.

[6] Fickers P., Destain J. and Thonart P. Les lipases sont des hydrolases atypiques : principales
caractéristiques et applications. Biotechnol. Agron. Soc. Environ. 2008. 12 : 119-130.

[7] Godoy C. A., Pardo-Tamayo J. S. and Barbosa O. Microbial Lipases and Their Potential in the
Production of Pharmaceutical Building Blocks. Int. J. Mol. Sci. 2022. 23: 9933.

[8] Javed S., Azeem F., Hussain S., Rasul 1., Siddique M. H., Riaz M., Afzal M., Kouser A. and
Nadeem H. Bacterial lipases: a review on purification and characterization. Prog. Biophys. Mol.
Biol. 2018. 132: 23-34.

[91 Zhang H., Liu T., Zhu Y., Hong L., Li T., Wang X. and Fu Y. Lipases immobilized on the
modified polyporous magnetic cellulose support as an efficient and recyclable catalyst for
biodiesel production from Yellow horn seed oil. Renew. Energ. 2020. 145: 1246-1254.

[10] Pereira A.D.S., de Souza A.H., Fraga J. L., Villeneuve P., Torres A.G. and Amaral P.F.F.,
Lipases as Effective Green Biocatalysts for Phytosterol Esters Production: A Review, Catalysts.
2022. 12: 88.

[11] Adlercreutz P. Immobilisation and application of lipases in organic media. Chem. Soc. Rev.
2013. 42: 6406-6436.

[12] Porcel M., Staudt J., Spohr G., Camila Silva C. and Borba C. Effect of the Temperature and
Molar Ratio of Water-Oil on the Enzymatic Hydrolysis Kinetics of the Soybean Oil:
Experimental and Mathematical Modeling. J. Braz. Chem. Soc. 2023. 00: 1-13.

[13] Rédéo Wilfried M. M. Enzymatic synthesis of ethyl esters vegetable oils for the production of
biodiesel using plant lipases from biomass African, thése de doctorat, Institut Internationale
d’Ingenierie, Centre international d’études supérieures en sciences agronomiques Montpellier .
2014

4129
Tob Regul Sci. ™ 2023;9(1): 4119-4131



Sefha Farida et. al
Biocatalytic Hydrolysis Of Triglycerides Using A Plant Lipase Extracted From Oil Seeds

[14] Machado S. A., Da Rés P. C.M., de Castro H. F. and Giordani D. S. Hydrolysis of vegetable and
microbial oils catalyzed by a solid preparation of castor bean lipase. Biocatal. Agric. Biotechnol.
2021. 37: 102188

[15] Savalas L. R. T., Sirodjudin S., Gunawan E. R., Aini R., Suhendra D., Basri N. H., Ardhuha J.
and Ningsih B. N. S. Biochemical Properties of Coconut (Cocos nucifera L.) Lipase. Philipp. j.
sci. 2021. 150 (5): 915-924.

[16] Tavares F., Sackser P.R., Borba C.E. and Silva E.A. Rapid enzymatic hydrolysis of crambe oil
catalyzed by castor seeds lipases. Ind. Crops Prod. 2021. 171:113890

[17] Bhagya Lakshmi L. and Raghu Ram M. Production, Purification and Characterization of
Extracellular Lipase from a Mutated Strain of Penicillium Citrinum KU613360. Int. j. sci. res.
sci. technol. 2021. 8 (1): 111-120.

[18] Ahmedi A., Abouseoud M., Abdeltif A. and Annabelle C. Effect of Diffusion on Discoloration
of Congo Red by Alginate Entrapped Turnip (Brassica rapa) Peroxidase, Enzyme Res. 2015.
2015(5): 575618.

[19] Sefha F.and Abouseoud M. Biocatalytic acylation of glucose by immobilized Ricinus Communis
lipase. Moroc. J. Chem. 2016. 4: 1084-1095.

[20] Ahmedi A., Abouseoud M., Annabelle C.and Abdeltif A. Enzymatic Degradation of Congo Red
by Turnip (Brassica rapa) Peroxidase. Z. Naturforsch. 2012. 67. 429 — 436.

[21] Corradini F. A.S., S& Alves E., Kopp W., Ribeiro M. P.A., Mendes A. A., Tardioli P. W.,
Giordano R. C., and Giordano R. L.C. Kinetic study of soybean oil hydrolysis catalyzed by
lipase from solid castor bean seeds. Chem. Eng. Res. Des.2019. 144: 115-122.

[22] Salaberria F., Delpino C., Camila A. P. and Maria E. C. Kinetic modeling of the production of
fatty acids using lipases from castor bean powder as biocatalyst. Chem. Eng. Res. Des. 2021.
174: 331-344

[23] Cakmak R., Topal G. and Cinar E. Covalent Immobilization of Candida rugosa Lipase on
Epichlorohydrin-Coated Magnetite Nanoparticles: Enantioselective Hydrolysis Studies of Some
Racemic Esters and HPLC Analysis. Appl. Biochem. Biotechnol. 2020. 4: 1411-1431.

[24] Serri N.A., Kamarudin A.H. and Abdul Rahaman S.N. Preliminary studies for production of fatty
acids from hydrolysis of cooking palm oil using C. rugosa lipase. J. Phys. Sci. 2008. 19: 79-88.

[25] Ejedegba B. O., Onyeneke E. C. and Oviasogie P. O. Characteristics of lipase isolated from
coconut (Cocos nucifera linn) seed under different nutrient treatments. Afr. J. Biotechnol. 2007.
6: 723-727.

[26] Nguyen T.A.V., Truong D.L., Phan H.N. and Tran L.B. Hydrolysis Activity of Virgin Coconut
Oil Using Lipase from Different Sources. scientifica. 2018. 2018: 1-6.

[27] Kumar A., Mukhia S., Kumar N., Acharya V., Kumar S. and Kumar R. A Broad Temperature
Active Lipase Purified From a Psychrotrophic Bacterium of Sikkim Himalaya With Potential
Application in Detergent Formulation. Front. Bioeng. Biotechnol. 2020. 8: 1-16.

[28] Faddogu S. and Séylemez Z. Kinetics of lipase-catalyzed hydrolysis of olive oil. Food Res. Int.
1997. 30: 171-175.

[29] Fabiano S. Immobilisation d’enzymes dans des films de polymere conducteur : Application a la
réalisation de biocapteurs ampérométriques pour le dosage du glucose et des composés
phénoliques. Université CLAUDE BENARD — Lyon I, 2002.

[30] Toscano L., Montero G., Cervantes L., Stoytcheva M., Gochev V. and Beltran M. Production and
partial characterization of extracellular lipase from Trichoderma harzianum by solid state.
Biotechnol. Biotechnol. Equip. 2013. 7(2):3776-3781.

4130
Tob Regul Sci. ™ 2023;9(1): 4119-4131


https://pubmed.ncbi.nlm.nih.gov/?term=Ahmedi%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Abouseoud%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Abdeltif%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Annabelle%20C%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ahmedi%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Abouseoud%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Annabelle%20C%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Abdeltif%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/32103473/
https://pubmed.ncbi.nlm.nih.gov/32103473/
https://pubmed.ncbi.nlm.nih.gov/32103473/
https://www.frontiersin.org/people/u/937026
https://www.frontiersin.org/people/u/971758
https://www.frontiersin.org/people/u/849100
https://www.frontiersin.org/people/u/245924
https://www.frontiersin.org/people/u/358734

Sefha Farida et. al
Biocatalytic Hydrolysis Of Triglycerides Using A Plant Lipase Extracted From Oil Seeds

[31] Rusli S., Grabowski J., Drews A. and Kraume M. A Multi-Scale Approach to Modeling the
Interfacial Reaction Kinetics of Lipases with Emphasis on Enzyme Adsorption at Water-Oil
Interfaces. Processes. 2020. 8 (9): 1082-1102.

[32] Florencia S., Camila A. P. and Maria C. Hydrolytic Activity of Castor Bean Powder: Effect of
Gum Arabic, Lipase and Oil Concentrations. J. Am. Qil. Chem. Soc. 2017. 94(5): 741-745.

4131
Tob Regul Sci. ™ 2023;9(1): 4119-4131


https://www.researchgate.net/profile/Florencia-Salaberria

