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Abstract. This study investigates the efficiency of enzymatic
degumming of crude soybean, rapeseed, and sunflower oils
using Purifine® phospholipase C (PLC), phospholipase Al
(PLA:), a lipase-modified component (LM), and the
multienzyme complex Purifine® 3G (combining PLC,
PLA;, and Pl-specific phospholipase C), as well as their
combinations. The primary objective is to achieve low
residual phosphorus content (<5 ppm), which is essential for
subsequent catalytic hydrotreatment in the production of
hydrotreated vegetable oil (HVO) and for improving the
efficiency of transesterification in the production of fatty acid
methyl and ethyl esters (FAME/FAE). The degumming
performance was evaluated based on the levels of
phosphorus, sulfur, free fatty acids (FFA), and the dry mass
of the gum phase. The highest efficiency was demonstrated
by the Purifine® 3G system and the combination of PLC +
PLAL1 + LM, which provided deep purification, minimal loss
of neutral oil, and stable FFA levels. Importantly, these
enzymatic systems not only enabled residual phosphorus
levels to be reduced below 5ppm, but also significantly
decreased sulfur content — from initial values of 60—100 ppm
to final concentrations of 9—27 ppm, depending on the oil
type. This sulfur reduction is particularly important for
protecting hydrotreating catalysts and ensuring compliance
with fuel standards such as EN 15940 and ASTM D975. The
findings support the feasibility of enzymatic systems as a
sustainable technology for the pretreatment of feedstocks for
both second-generation (HVO) and first-generation (FAME)
biofuel production, offering benefits in catalyst life, product
purity, and process efficiency.

Keywords: enzymatic degumming, phospholipases,
Purifine 3G, hydrotreated vegetable oil, fatty acid methyl
and ethyl esters, phospholipids, vegetable oil, phosphorus,
biofuel, multienzyme system.

1. Introduction

The purpose of the degumming process for
vegetable oils is to remove phospholipids and other polar
impurities that negatively affect the quality of the final
product by reducing its stability, clarity, shelf life, and
technological performance during further processing.
Achieving a low phosphorus content — below 5 mg/kg — is
especially important, as this is a critical threshold for the
successful use of the oil in the production of hydrotreated
vegetable oil (HVO).! Furthermore, effective degumming
significantly reduces costs in subsequent refining stages,
lowers emulsion formation, and minimizes oil losses,
which is particularly relevant in the production of high-
purity food-grade and technical oils.>!!

Traditionally, degumming is carried out using
physical (water) or chemical (acid or acid-enzymatic)
methods.> Water degumming is effective only for
hydrated phospholipids, while acid degumming requires
neutralization and results in oil losses and waste
formation. As a biotechnological alternative, enzymatic
degumming has gained attention in recent decades,
offering deeper purification with reduced losses and lower
environmental impact.>~°

Various enzymatic degumming processes have
been investigated at laboratory and pilot scales.*'
Commercially available oil-processing enzymes differ in
their mechanisms of action. Phospholipase Al
(PLA1)® 13 and A2 (PLA2)'" 12 hydrolyse fatty acids at
the sn-1 and sn-2 positions of glycerol, respectively.
Phospholipase C (PLC)''"13 catalyses the hydrolysis of the
phosphate-glycerol bond in phosphatidylcholine (PC) and
phosphatidylethanolamine (PE), while lipid
acyltransferase (LAT) transfers fatty acid residues. All
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these enzymes contribute to reducing oil losses caused by
binding to gums, thereby improving yield.?-'6

Enzymatic degumming relies on the action of
phospholipases — enzymes that hydrolyse ester bonds
within phospholipid molecules, generating
lysophospholipids and free fatty acids. PLA1 and PLA2
are most frequently used, as they convert both hydrated
and non-hydrated phospholipids into more polar forms
that can be readily removed by centrifugation.!' In some
cases, PLC and Phospholipase D (PLD) are additionally
applied, targeting different parts of the phospholipid
molecule and enabling deeper purification — particularly
for pharmaceutical or cosmetic-grade oils.!?

Numerous  studies have  demonstrated the
effectiveness of enzymatic degumming for a wide range of
vegetable oils, including soybean, rapeseed, sunflower, rice
bran, and corn oils. Each oil type has a unique phospholipid
profile, necessitating an individual approach to enzyme
selection and process parameters.’>'® For example, the
combined use of PLA1 and LAT is often employed for
rapeseed and rice bran oils to enhance the yield and stability.

Optimization of the enzymatic process parame-
ters — temperature, pH, enzyme concentration, buffer-to-
substrate ratio, reaction duration, and hydration level — is
essential for minimizing phosphorus content and oil loss.
A typical laboratory experiment involves the treatment
with a buffer solution to adjust pH, controlling reaction
temperature, and adding the appropriate enzyme dosage.*
Different approaches to experimental design can be used.
While the “one-factor-at-a-time” method is simple, it does
not account for interactions between variables. In contrast,
other designs of experimental approaches allow
simultaneous assessment of multiple factors and their
interactions.!”  For  example, response  surface
methodology has proven to be a powerful tool for
degumming process optimization,?!3-14. 18-19

Initial enzymatic degumming studies focused
primarily on rapeseed,*?"?? soybean,?!!?1>? and rice bran
oils.!> 2022 Later work examined the impact of enzymatic
degumming on the physicochemical properties of
sunflower oil.!> 16

A critical success factor in enzymatic degumming
is the precise optimization of operating conditions —
temperature, pH, enzyme dosage, buffer / substrate ratio,
reaction time, and degree of hydration.>”%1719

Interest has been shown in phospholipase
immobilization on solid supports (e. g., chitosan, calcium
alginate, polymeric gels), which enables enzyme reuse,
improves thermal and pH stability, and simplifies product
purification from protein residues.?>?3 This opens new
perspectives for upscaling enzymatic degumming in
industrial ~ settings that require high levels of
environmental and economic sustainability.
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In summary, enzymatic degumming of vegetable
oils using various classes of phospholipases is a modern
and promising approach for improving the quality and
processability of vegetable fats. It allows tailored
purification based on the type of raw material and end-
product requirements, reduces processing losses, and
promotes the implementation of sustainable biotechnology
in the food and oil industries.

2. Experimental

2.1. Materials

Soybeans, rapeseed, and sunflowers were
cultivated in the Lviv region (Ukraine) in the fields of the
“Agrocenter” farming enterprise. The corresponding oils —
soybean (SBO), rapeseed (RO), and sunflower (SFO) —
were extracted using hexane on the production facilities of
LLC “D-MIX” (Zolochiv, Lviv region, Ukraine). After
extraction, the oils were stored in sealed polymer
containers at 4-6 °C until enzymatic treatment.

The physicochemical properties of the raw oils
were determined according to the analytical methods
summarized in Table 1.

Four enzymatic preparations from the Purifine® line
developed by DSM-Firmenich (DSM Food Specialties,
Netherlands) were used in the study. Purifine® PLC is a
preparation based on phospholipase C derived from Pichia
pastoris, ~ which  catalyses the  hydrolysis  of
phosphatidylcholine (PC) and phosphatidylinositol (PI),
forming diacylglycerols (DAG) and phosphorus-containing
residues. Optimal conditions: pH 5.5-6.0, temperature 55—
60°C, reaction time 1-2 hours, dosage 50-100 ppm.
Purifine® PLA1 contains phospholipase Al from
Aspergillus oryzae, active toward glycerophospholipids at
the sn-1 position. It produces lysophospholipids (LPL) and
free fatty acids (FFA). Optimal conditions: pH 5.5-6.5,
temperature 50-60 °C, reaction time 1-3 hours, dosage 50—
150 ppm. Purifine® LM is a thermostable
lysophospholipase that catalytically converts residual
lysophospholipids into glycerophosphates. It is derived
from microorganisms capable of high-temperature
enzymatic hydrolysis. Optimal conditions: pH 5.5-6.0,
temperature 75—-85 °C, reaction time 30—60 minutes, dosage
50-100 ppm. Purifine® 3G is a complex enzymatic
cocktail containing three enzymes: phospholipase C (PLC)
from Pichia pastoris, phospholipase A2 (PLA2) from
Aspergillus niger, and Pl-specific phospholipase C from
Pseudomonas fluorescens. The formulation targets
phospholipids and enables effective formation of DAG,
phosphates, FFA, and LPL. Optimal conditions: pH 6.5—
7.5, temperature 50-60 °C, reaction time 1-3 hours, dosage
50-200 ppm.
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Table 1. Physicochemical properties of the tested oils
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Property Unit SFO SBO RO
Density*’ at 15 °C kg/m? 918 922 910
Kinematic viscosity®® at 40 °C mm?/s 32.6 30.7 31.8
Flash point® °C 320 345 315
Sulfur content ppm 60 90 100
Phosphorus content®! ppm 7.5 9.0 5.9
Water content’ ppm 180 200 160

Copper strip corrosion®® (3 h at 50 °C) - Class 1 Class 1 Class 1
Acid value* mg KOH/g 2.30 0.70 1.90
Iodine value® g/100 g 125 133 110

2.2. Methods

2.2.1. Enzymatic reaction

Enzymatic degumming of soybean, rapeseed, and
sunflower oils was carried out using the developed
protocols based on manufacturer recommendations and
research data for each of the four enzymes (Purifine® PLC,
PLA:, LM, 3G).2!!-1626 For combined treatment variants,
technological schemes and parameters were developed
within the framework of this study. All procedures were
standardized for 1 kg of oil, ensuring a valid comparison of
the efficiency of individual enzymes and their combinations
under identical process conditions. Aqueous enzyme
solutions were prepared immediately before application by
dissolving the enzyme in 2030 mL of distilled water (2—
3 % of the oil mass), to which 20 mM phosphate buffer was
added to stabilize pH within the target range (5.5-7.5,
depending on the enzyme). Before adding the enzyme
solution, the oil was preheated to the required temperature,
depending on the enzyme specificity and type of raw
material. The reaction mixture was stirred at 500 rpm using
a laboratory overhead stirrer. The enzyme dosage in
enzymatic degumming is determined by their specificity,

mechanism of action, and the phospholipid content of the
feedstock.  Phospholipase C  (Purifine® PLC)!> "3
hydrolyzes phosphatidylcholine (PC) and
phosphatidylethanolamine (PE) into diacylglycerols and
phosphates, ensuring consistently high efficiency for any
type of oil; therefore, it is used at a dosage of 100 ppm.
Phospholipase A1 (Purifine® PLA:)%!13 cleaves the bond
at the sn 1 position of glycerophospholipids to produce
lysophospholipids and free fatty acids; its universal activity
allows the application of 125 ppm for all oil types. The
lipase-modified enzyme (Purifine® LM) acts as a
lysophospholipase, removing residual lysophospholipids,
and is applied at 75 ppm regardless of the feedstock. In the
multi-enzyme complex Purifine® 3G (PLC, PLA,,
LM),!-26 dosages are adjusted according to the type of oil:
100 ppm for soybean oil with a high phospholipid content,
75 ppm for rapeseed oil with a lower phospholipid content
and better hydration, and 60 ppm for sunflower oil with
minimal phospholipid load. In combined schemes (PLC
with LM, PLC with PLA: and LM), the dosage of each
enzyme is selected based on its function: PLC performs
primary phospholipid hydrolysis, PLA: cleaves at the sn 1
position, and LM ensures final removal of
lysophospholipids, achieving maximum degumming in a
single process cycle.

Table 2. Enzymatic process conditions for each enzyme preparation and oil type

Enzyme type pH T, °C Duration, h Enzyme dosage, ppm
Purifine® PLC 5.5-6.5 60 2.0 100 (all oil types)
Purifine® PLAI 5.5-6.5 60 2.0-2.5 125 (all oil types)
Purifine® LM 5.5-6.0 80 2.0 75 (all oil types)
Purifine® 3G 5.5-6.5 60 2.0 100 (soybean), 75 (rapeseed), 60 (sunflower)
Purifine® PLC + LM 5.5-6.5 60/80 3.0 PLC - 100, LM —-75
Purifine® PLC + PLA1 + LM 5.5-6.5 60/80 1.0 PLC-100, PLA1 —125,LM -75




764

The treatment duration ranged from 1 to 3 hours,
depending on the type of enzyme and the characteristics
of the feedstock. Upon completion of the reaction, all
samples were subjected to thermal enzyme inactivation by
heating to 80 °C and maintaining this temperature for 30
minutes. Afterward, the mixture was transferred to a
separatory funnel for phase separation of the gum layer
(hydrophilic hydrolysis products) from the purified oil.
The upper oil layer was collected for further analytical
evaluation.

In the combined enzymatic treatment variants
(PLC + LM, PLC + PLA1 + LM), phospholipases (PLC,
PLA1) were first added at a temperature of 60 °C, and the
reaction was maintained for the appropriate duration (1-2
hours), after which a lysophospholipase treatment stage
was conducted at 80 °C for 3045 minutes. Stirring was
continuous throughout the entire process.

Control samples of all three oil types were
subjected only to standard thermal treatment (60 °C,
1 hour) without enzyme addition — simulating
conventional water degumming.

2.2.2. Physicochemical properties
of raw materials and products

The physicochemical properties of the raw
materials and processed oils were determined according to
the methods described in references 27-35.

3. Results and Discussion

To evaluate the efficiency of enzymatic
degumming of vegetable oils for their preparation for the
production of hydrotreated vegetable oil (HVO), crude
soybean, rapeseed, and sunflower oils were treated using
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the enzymatic preparations Purifine® PLC, PLA1, LM,
and the multi-enzyme complex Purifine® 3G, as well as
their combinations. The efficiency of purification was
assessed by determining the residual phosphorus (P) and
sulfur (S) contents, which are key criteria for suitability
for catalytic hydrotreatment (since phospholipids cause
deactivation of hydrogenation catalysts-particularly those
based on Ni, Mo, Co, Pt, Pd-and contribute to deposit
formation), as well as free fatty acids (FFA) and the mass
fraction of gum phase (on a dry basis).

3.1. Features of the enzymatic regime
and degumming results for sunflower oil

The initial phosphorus content in crude sunflower oil
was 7.5 ppm, and the FFA content was 1.15 %. Water
degumming proved ineffective, reducing phosphorus only to
7.0 ppm. The use of Purifine® PLC, PLAl, and LM
individually provided only partial degradation of
phospholipids (final P: 4.7-5.2 ppm). The most effective
purification was achieved with Purifine® 3G (2.6 ppm)-a
ready-to-use multi-enzyme cocktail containing
phospholipase C, Pl-specific PLC, and PLA2-as well as with
the combination of PLC + PLA1 + LM (2.5 ppm) (see
Table 3).

A reduction in gum mass from 4.7 % to 3.54.1 %
is the result of a decrease in oil content within the gum
phase: the enzymes break down the phospholipid
structure, allowing the previously bound oil (which would
be lost during water degumming) to return to the neutral
fraction as DAG and FFA. This mechanism has been
confirmed by DSM laboratory studies, where the oil
content in the gum phase was reduced by almost half
following the action of Purifine® 3G (from ~45 % to
~20 %). The FFA levels remained in the range of 1.17—
1.35 %, which is acceptable for biofuel applications.

Table 3. Enzymatic degumming conditions and results for sunflower oil

Sunflower oil with 7.5 ppm I;e?icr::tci)cl)ln/ Reaction / Final P Final S Fg;al l;lf_A Gums,
P, 60 ppm S, pH terr}; erature hydration degummed degummed me%iu oil
1.15 % FFA pOC > time, h oil, ppm oil, ppm o > basis, %
Water degumming, no N 60 1.0 7.0 50 122 47
enzymes used
Pu“ﬁge® LM enzyme N 80 2.0 5.0 12 131 55
egumming
Pu“ﬁge® PLC enzyme 55-6.5 60 2.0 47 1 1.19 43
egumming
P“rlﬁ“§® PLAL enzyme | 55 65 60 2.0 52 14 1.52 49
egumming
Purifine® PLC, Purifine® | 5 5 ¢ 5 60/30 3.0 35 10 1.43 53
LM enzyme degumming
Combination of Purifine®
LM, Purifine® PLC and
Purifine® PLAI onzyme | 3563 60 1.0 25 9 1.35 4.1
degumming
P‘mfgle® 3G enzyme 55-6.5 60 2.0 26 10 1.17 35
egumming
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3.2. Features of the enzymatic regime
and degumming results for rapeseed oil

The initial phosphorus content was 5.9 ppm, and
FFA was 0.70 %. The best results were again obtained
using Purifine® 3G and the PLC + PLAl + LM
combination, both achieving a residual phosphorus level
of 2.8 ppm. Other enzymes demonstrated only partial

765

effectiveness: PLC — 4.9 ppm, LM — 5.0 ppm, while water
degumming reduced phosphorus to 5.1 ppm (see Table 4).

A reduction in the gum dry matter content from
37% to 2.5-3.1 % is associated with a decrease in
phospholipid content and the corresponding amount of
bound oil in the gum phase. The FFA levels remained in
the range of 0.77-0.85 %, making such treatment suitable
for physical refining or further hydrotreating without
additional neutralization.

Table 4. Enzymatic degumming conditions and results for rapeseed oil

Rapeseed oil with Reaction / Reaction / Final P Final S Final FFA Gums,
5.9 ppm P, 100 ppm pH hydration hydration degummed | degummed | degummed | dry basis,
S, 0.70 % FFA temperature, °C time, h oil, ppm oil, ppm oil, % %
Water degumming, no N 60 1.0 5.1 70 0.92 3.7
enzymes used
P “r‘ﬁé‘e® LM enzyme | 80 2.0 5.0 54 1.11 3.5
egumming
Purifine® PLC 55-6.5 60 2.0 4.9 47 0.89 33
enzyme degumming
Purifine® PLAL 5565 60 2.0 5.1 51 1.12 2.9
enzyme degumming
Purifine® PLC,
Purifine® LM enzyme | 5.5-6.5 60/80 3.0 3.7 45 1.13 33
degumming
Combination of
Purifine® LM,
Purifine® PLC and 5.5-6.5 60 1.0 2.8 27 0.85 3.1
Purifine® PLA1
enzyme degumming
Purifine® 3G enzyme | 55 6.5 60 2.0 2.8 25 0.77 25
egumming

3.3. Features of the enzymatic regime
and degumming results for soybean oil

Soybean oil was characterized by the highest initial
phosphorus content (9.0 ppm) and FFA (1.90 %). Water
degumming only reduced phosphorus to 7.1 ppm. The
most effective options again were Purifine® 3G (3.4 ppm)
and the combination of PLC + PLA1 + LM (3.5 ppm) (see
Table 5).

The gum content decreased from 5.7 % to 3.5-
4.1 %. As in the previous cases, this reduction was due not
only to the removal of polar compounds but primarily to
the decrease in neutral oil content in the gum phase, which
typically remains lost during conventional water

degumming. After enzymatic treatment, FFA levels
slightly increased (1.97-2.05 %), which is acceptable for
biofuel production.

The results of the enzymatic degumming of crude
soybean, rapeseed, and sunflower oils confirmed the high
efficiency of applying multi-enzyme systems, particularly
the Purifine® PLC, PLA1, LM enzymes, and the complex
formulation Purifine® 3G. The reduction of residual
phosphorus levels below 5 ppm in the degummed samples
allows these technologies to be considered suitable for the
pre-treatment of feedstocks for catalytic hydrotreatment in
the production of Hydrotreated Vegetable Oil (HVO) and
for improving the quality of feedstock used in the
production of Fatty Acid Methyl Esters (FAME) biofuel.!



766

Taras Havrak et al.

Table 5. Enzymatic degumming conditions and results for soybean oil

Soybean oil with Reaction / Reaction / Final P Final S Final FFA Gums,
9.0 ppm P, 90 ppm S, pH hydration hydration degummed | degummed | degummed dry
1.90 % FFA temperature, °C time, h oil, ppm oil, ppm oil, % basis, %
Water degumming, no | 60 1.0 7.1 40 1.92 5.7
enzymes used ’ ) ’ ’
Purifine® LM enzyme | 80 2.0 6.0 27 2.11 5.5
egumming
Purifine® PLC 5565 60 2.0 5.7 25 2.09 43
enzyme degumming
Purifine® PLAL | 5 5 ¢ 5 60 2.0 7.2 28 2.12 49
enzyme degumming
Purifine® PLC,
Purifine® LM enzyme | 5.5-6.5 60/80 3.0 4.7 19 2.13 43
degumming
Combination of
Purifine® LM,
Purifine® PLC and 5.5-6.5 60 3.5 12 2.05 4.1
Purifine® PLA1
enzyme degumming
Purifine® 3G enzyme | 5 5 ¢ 5 60 2.0 34 11 1.97 3.5
egumming
o be removed by water washing and centrifugation, non-
Phospholipase Al hydra.ted ones require a more specific approach - either
R, chemical (e. g., citric acid or EDTA) or enzymatic. The

e

Phospholipase C
\ _°

P
'0/ \

Fig. 1. Phospholipases mode of action. A generalized depiction
of a phospholipid, where X = H, choline, ethanolamine, inositol,
etc. The various sites of attack for hydrolytic cleavage of ester
bonds of the phospholipase types A1, A2, and C are shown with
Arrows 3,8,10,26

Phospholipids in vegetable oils can exist in hydrated
or non-hydrated forms. While hydrated phospholipids can

obtained results confirm that enzymatic degumming, based
on the action of phospholipases such as PLA1, PLA2, and
PLC, is an effective alternative to traditional methods.> 10 It
not only significantly reduces the phospholipid content but
also increases the yield of neutral oil by converting
phospholipids into diacylglycerols (DAG) and free fatty
acids (FFA) (see Fig. 1).

Purifine® 3G proved to be particularly effective, as
it contains phospholipase C, Pl-specific PLC, and PLA2,
enabling the simultaneous breakdown of major
phospholipids — PC, PE, and PI. Thanks to this multi-
enzyme composition, the lowest residual phosphorus
levels (2.6-3.4 ppm) were achieved across all types of
oils. Moreover, the use of Purifine® 3G or its functional
analogues led to a significant reduction in the mass
fraction of the gum phase — not due to mechanical
removal, but because of decreased neutral oil content in
the emulsified gums. This enzymatic action facilitates the
return of a substantial portion of the oil into the main
fraction in the form of DAG and FFA, thereby directly
increasing the total yield of purified product.
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Table 6. Summary of enzymatic treatment results for vegetable oils

Initial Residual Gums. dr
Type of oil phosphorus, phosphorus, Most effective systems bisizj (yy FFA, %

, /0

ppm ppm

Sunflower oil 7.5 2.5-2.6 Purifine® 3G, PLC + PLA1 + LM 3.54.1 1.17-1.35
Rapeseed oil 5.9 2.8 Purifine® 3G, PLC + PLAI + LM 2.5-3.1 0.77-0.85
Soybean oil 9.0 3435 Purifine® 3G, PLC + PLA1 + LM 3.54.1 1.97-2.05

Experimental data clearly demonstrate that multi-
enzyme systems allow achieving residual phosphorus
levels below 5 ppm, which meets the technical
requirements for feedstock intended for catalytic
hydrotreatment in HVO production' and in the production
of Fatty Acid Methyl Esters (FAME)' biofuel. At the
same time, the FFA levels remained within acceptable
limits, indicating a controlled hydrolysis process and the
absence of excessive degradation of the triglyceride
fraction (see Table 6).

Thus, enzymatic degumming using multi-enzyme
systems, such as Purifine® 3G or experimental
phospholipase cocktails, ensures not only the achievement
of target phosphorus levels but also a significant reduction
in neutral oil losses through the gum phase. These
advantages make such approaches economically viable

and environmentally safe for integration into the
production chain of next-generation biofuels.
4. Conclusions

Enzymatic degumming  using  Purifine®

preparations ensures the effective removal of both
hydrated and non-hydrated phospholipids, allowing
residual phosphorus levels below 5 ppm — a critical
threshold for subsequent catalytic hydrotreatment (HVO)
or efficient alkaline transesterification (FAME). The
highest efficiency was demonstrated by the multi-enzyme
preparation Purifine® 3G, which simultaneously acts on
PC, PE, and PI, converting phospholipids into DAG, FFA,
LPL, and phosphates, thereby increasing the yield of
neutral oil and reducing losses through the gum phase.
The PLC + PLA1 + LM enzyme combination showed
comparable performance to Purifine® 3G and is well-
suited for adaptation to various feedstocks and process
lines in both the food and energy sectors. The FFA levels
after the treatment remained within acceptable limits for
further use in biofuel technologies, and the degumming
degree met the requirements for feedstock used in both
HVO and FAME/FAE production. In addition to
phosphorus reduction, the enzymatic systems also
contributed to a substantial decrease in sulfur content —
from initial concentrations of 60—100 ppm to final values
ranging between 9 and 27 ppm, depending on the oil type.
This sulfur reduction is essential for prolonging catalyst

life during hydrotreatment and for ensuring compliance
with ultra-low sulfur fuel standards.

These findings confirm that enzymatic degumming
is a versatile, environmentally friendly, resource-efficient,
and technologically effective approach to preparing
vegetable oils for conversion into first- and second-
generation biofuels.
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Abbreviations

HVO Hydrotreated Vegetable Oil — second-
generation biofuel obtained via catalytic hydrotreatment

FAME Fatty Acid Methyl Ester — first-
generation biodiesel produced by transesterification

FFA Free Fatty Acids — byproducts of lipid
hydrolysis, affect oil quality and stability

DAG Diacylglycerol — a neutral lipid formed
by phospholipid hydrolysis, retained in the oil phase

LPL Lysophospholipids - partially
hydrolysed phospholipids, more polar and water-soluble
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PC Phosphatidylcholine =~ — a  major
phospholipid, often targeted during enzymatic degumming

PE Phosphatidylethanolamine — an amino
phospholipid presents in crude vegetable oils

PI Phosphatidylinositol — an  acidic
phospholipid, difficult to remove without specific enzymes

PLA1  Phospholipase A1 — hydrolyses the ester
bond at the sn-1 position of glycerophospholipids

PLA2  Phospholipase A2 — hydrolyses the ester
bond at the sn-2 position of glycerophospholipids

PLB Phospholipase B — has both PLA1 and
PLA2 activity; completely hydrolyses phospholipids

PLC Phospholipase C — cleaves the
phosphodiester bond, forming diacylglycerols and
phosphate esters

PLD Phospholipase D — cleaves the terminal

group, forming phosphatidic acid and alcohol

PL Phospholipids — a group of amphiphilic
lipids present in crude oils and gums

LAT Lipid Acyltransferase — transfers fatty
acid chains between lipid molecules, aids in oil recovery

SFO Sunflower oil

RO Rapeseed oil

SBO Soybean oil
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®EPMEHTATHUBHE JEIT'YMYBAHHS CO€BOI,
PINAKOBOI TA COHALIHUKOBOI OJIII
3 YKPAIHCHKUX KYJIBTYP
13 BUKOPUCTAHHSIM ®EPMEHTIB PURIFINE

Anomayin. Y 00cnioxceHHi NPOAHANI308AHO  eeKMUBHICb
Gepmenmamuenoi decymayii cupoi coegol, pinaxkoeoi ma COHAUWHUKOBOT
onii’ 3 suxopucmarnusim gocgoninasu C (PLC), gpocghonrinasu Ar (PLA:),
MOOupixosarnoeo ninasno2o komnonenma (LM) npenapamy Purifine®, a
maxkoodic mynvmupepmenmuozo komniexcy Purifine® 3G, sxuti noconye
axmuernocmi PLC, PLA; i LM, ma ixuix xom6inayiti. Ochoena mema —
Q0CACHEHHS HU3bKO20 3AMUWK08020 eémicmy gocghopy (<5 ppm), wo
KPUMUYHO 8AHCIUBO OJI1 NOOANbULOI KamanizamopHoi 2i0poo6pobku y
6UpoOHUYMEI 2iopoouuweroi pocaunnoi onii (HVO) ma 0ns nioguuyerms
eghexmusHocmi peaxyii nepeecmepuixayii' y eupooHUymei Memuiosux i
Odezymayii emunogux ecmepig socupnux xuciom (FAME/FAE). Oyinoganns
epexmusHoCmi IPYHMYBANOCL HA NOKA3HUKAX eémicmy ¢hocghopy, cipku,
sinvHux scuprux kucrom (FFA) ma cyxoi macu ¢hocgoninionoeo ocady.
Haileghexmuenivuumu euasunuce pepmenmna cucmema Purifine® 3G i
xkombinayis PLC + PLAl + LM, ski 3abe3neyunu 2auboxe OYulujeHHs,
MIHIMANbHI  @mpamu  HelumpaivbHoi onii ma cmabitvnuil pieens FFA.
Baoicnueo, wo yi gpepmenmui cucmemu He aumwie OAnU 3MO2Y 3HUIUMU
emicm pocghopy 00 pigns <5 ppm, a il iICMOMHO 3MEHWUIU 6MIC CIpKU —
i3 nouamxogux 3HaweHo 60—100 ppm 0o Kinyeux KoHyeHmpayit 9—
27 ppm 3anesicno 6i0 muny onii. Taxe 3meHwenns emicny cipku 0cooIugo
saxciuge OJisl 3aXUCMY KAMauizamopis 2iopoo6pobku ma OOmMpUMAHHS
6uMo2 00 namusa 32i0Ho 3i cmanoapmamu EN 15940 ma ASTM D975.
Pesynomamu  niomeepodcyloms  OOYinbHiCMb — GUKOpUCMANHS  hep-
MEHMAMUBHUX CUCMeEM SIK CMANoi mexHono2li nonepeoHboi nid2omosKu
cuposunu Ak 0ns Oionamusa Opyeozo noxoninus (HVO), max i ons
nepuioeo noxoninns (FAME), 3abe3neuyiouu niosuwents cmpoxy cycou
Kamanizamopis, Yucmomu npooykmy i eghekmueHocmi npoyecy.

Kniouoei cnosa: gepmenmamusna Oecymayis, Gocgoninasu,
Purifine® 3G, zidpoouuwena pociuHHa ONis, Memuniosi ma emunosi
ecmepu  JCUpHUX  Kuciom, ocgoniniou, pocaunna oxis, gocpop,
bionaneo, mynbmugepmenmna cucmemda.



