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I. INTRODUCTION

Abstract

Fatty acid is an important intermediate substance in oleochemical industry. The demand of fatty acid is predicted
to increase significantly in the future due to increasing demand of oleochemical products, specifically biofuel pro-
duction through decarboxylation of fatty acids. For decades, fatty acid has been commercially produced via ther-
mal hydrolysis of triglyceride, which requires high temperature and high pressure. Technology of fatty acid pro-
duction in mild temperature and low energy consumption is currently developing through enzymatic triglyceride
hydrolysis, which is also known as lipolysis. The economic feasibility of this technology is enhanced by immobi-
lization of lipolytic enzymes, which frequently utilizes hydrophobic beads as immobilization supports. The aim
of this research is to investigate the effect of hydrophobic beads on non-enzymatic hydrolysis of triglyceride. Ex-
perimental data suggest that higher conversion of triglyceride hydrolysis was attained with the use of several
hydrophobic beads: polypropylene, polyethylene, and polystyrene. This phenomenon was not shown in utiliza-
tion of hydrophilic materials, such as silica gel, silica stone, and rice bran acetone powder. It is hypothesized that
the higher hydrolysis conversion is caused by mass transfer facilitated by hydrophobic beads, while in hydrophilic
materials, water substrate was adsorbed and lowered the hydrolysis conversion. Experimental data show that per-
formance of solids in triglyceride hydrolysis is not only affected by hydrophobicity, but also strongly affected by
pH and surface area. Utilization of hydrophobic beads provides a low-cost and low-energy consumption to initiate
triglyceride hydrolysis at room temperature, in the presence or the absence of lipolytic enzymes.

© 2018 The Author(s). Published by TAF Publishing.

known as ‘drop-in biofuel’, which is ready to be applied to

Sustainability is currently one of the most discussed in-
dustrial issues. As the global market shifts from unrenew-
able products to green products, oleochemical industry has
started to take place of conventional petrochemical indus-
try. Instead of processing fossil fuel, oleochemical industry
converts plant oils and fats into products, such as surfac-
tant, detergent, fuel, etc. The main component of plant oils
and fats is triglyceride, which is processed into intermedi-
ate substances, i.e., fatty acid and fatty acid methyl ester.

Fatty acid and fatty acid methyl ester are important com-
modities in plant oil producing countries, such as Indonesia,
Malaysia, Canada, China, etc. Recent development shows
that decarboxylation of fatty acid results in production of
hydrocarbon [1]. Hydrocarbon produced from plant oils is
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current technology of transportation. The research opened
novel potential of biofuel production technology. Follow-
ing this development, it is predicted that the demand of
fatty acid will increase dramatically. Fatty acid is produced
through hydrolysis reaction of triglyceride described be-
low:

Triglyceride + 3H2O = 3 FattyAcids + Glycerol (1)

This reaction begins with bonding of hydroxide ion from
H20 with carbon atom from electrophile carboxylic group,
conforming tetrahedral intermediate. The separating glyc-
erol results in free fatty acids products. The current tech-
nology of fatty acid production is non-catalytic thermal hy-
drolysis, which is also known as Colgate-Emery process.
This process operates at 250°C and 50 bar without catalyst,

© The Author(s). Published by TAF Publishing. This is an Open Access article distributed under a Creative Commons Attribution-NonCommercial-

NoDerivatives 4.0 International License


http://crossmark.crossref.org/dialog/?doi=10.20474/Jater-4.1.2&domain=pdf
anistyami@che.itb.ac.id
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

2018

and results in high product yield (more than 95%) [2]. Al-
though it requires huge amount of energy, this process is
currently the most preferable option compared to its prede-
cessor, such as Twitchell process, which requires organosul-
phate acid as catalyst [3], or soap acidification, which cre-
ates huge amount of waste. Colgate-Emery process requires
minimum separation step and waste processing compared
to both processes. Nevertheless, this technology depends
on high temperature, which causes several drawbacks, such
as thermal degradation, isomerization, dehydration, poly-
merization, and color darkening of product [4, 5, 6], es-
pecially on oils with high polyunsaturated fatty acids con-
tent. In the future, technology of triglyceride hydrolysis in
milder condition is necessary to produce fatty acids in more
economical, energy-efficient technology, and to avoid unde-
sired side reactions.

The key of high conversion in non-catalytic thermal hydrol-
ysis is sufficient contact between triglyceride and water,
which is facilitated by high temperature and high pressure.
It is not thermodynamically feasible to reduce the temper-
ature in triglyceride hydrolysis reaction [7] unless in the
presence of catalyst. In this case, biocatalyst in the form of
enzyme lipase has been studied abundantly due to its spe-
cific performance. Lipase has a unique interfacial activa-
tion, where the lid of active site opens in the presence of
hydrophobic phase, facilitating contact of triglyceride and
water [8]. The utilization of microbial lipase has been es-
tablished for quite a long time, but in limited cases due to
its high production cost [9].

Immobilization of lipases has been introduced to increase
economic feasibility enzymatic process, especially when
high-cost microbial lipase is utilized [9]. It minimizes prod-
uct contamination by enzymes and allows lipase enzyme
to be recovered and reused after reaction. Common meth-
ods oflipase immobilization are physical adsorption on sup-
ports, covalent bonding on supports, entrapment with resin
matrix, and enzyme cross-linking. Among these methods,
adsorption is the most frequently used due to simple pro-
cedure. Unlike covalent bonding or cross-linking, interac-
tion of enzyme-support in physical adsorption method has
low risk of enzyme denaturation. It is also reversible, en-
abling regeneration of immobilized lipase [10]. Physical ad-
sorption immobilization involves van der Waals force, ionic
interaction, and hydrogen bonding [11, 12]. Supports com-
monly used in adsorption methods can be hydrophobic, e.g.,
polypropylene [13] and octyl agarose [14], or hydrophilic,
e.g, Celite [15], Kieselguhr, hydroxylapatite, alumina [16],
and silica [17]. Hydrophobic supports are reported to in-
crease lipolytic activity of immobilized lipase [18, 19] thus
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they are preferable than hydrophilic supports. Neverthe-
less, there has not been any single report concerning the
effect of unattached supports on the conversion of triglyc-
eride hydrolysis. To attain comprehensive understanding of
immobilized lipase, it is necessary to analyze the behavior
of supports in triglyceride hydrolysis process themselves.

In this manuscript, we report the utilization of several beads
and powder and their effects on triglyceride hydrolysis. We
hypothesize that solid particles in reaction mixture will in-
crease contact of triglyceride and water. The solid par-
ticles selected were beads and powder that is the poten-
tial for further application of enzymatic hydrolysis. Beads
of polypropylene, polyethylene, and polystyrene were se-
lected as representative of hydrophobic solids which has
been claimed as excellent immobilization support of li-
pase [13]. Rice bran acetone powder was selected because
rice bran has been reported to possess lipolytic activity
[20], which is enhanced when the rice bran is pretreated
with cold acetone [21].
also observed in comparison to hydrophobic beads. Solid

Silica gel and silica stone were

macroparticles are easy to be separated at the end of reac-
tion, making them a practical support of lipase immobiliza-
tion.

II. MATERIAL AND METHODS
A. Material

The hydrolysis was performed with commercial food grade
refined palm oil (Bimoli, produced by PT Salim Ivomas
Pratama Tbk). Commercial polypropylene beads, polyethy-
lene beads, and polystyrene beads were provided by PT
Chandra Asri, Tbk. Rice bran acetone powder was prepared
through immersion of rice bran in cold acetone, which was
then filtrated and dried at room temperature. Phosphate
buffer (pH 7.00) and ammonia-N H4C'! buffer (pH 8.25)
were made with 20 mM aqueous solution.

B. Hydrolysis Reaction

Hydrolysis reactions with solids were conducted by adding
0.50 g of solid beads or powder into 25.00 g of palm oil.
Buffer solution (1 mL/mg palm oil) was added and the mix-
ture was agitated with magnetic stirrer (1000 rpm) for 6
hours. The agitation was then stopped, and after the prod-
uct was settled for ca. 10 minutes, degree of hydrolysis of
the thick upper layer of product was then determined.

In reaction component/t analysis, hydrolysis reaction was
also conducted without the presence of solids to analyze the
behavior of agitated oil and agitated oil-buffer mixture in
the 6™ hour. These experiments were also conducted in 10
seconds to determine initial condition of each run.
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C. Degree of Hydrolysis Determination

Sample (£ 1.0 g) was pipetted from upper layer of hydrol-
ysis product into a solution of ethanol-chloroform solution
(1:1 volumetric ratio) that had been neutralized with alco-
holic KOH. The mixture was gently shaken until the greasy
sample completely solubilized in ethanol-chloroform solu-

Degreeofhydrolysis (%) =

Vkon
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tion. Three drops of phenolphtalein (1% alcoholic solu-
tion) indicator were then added. The degree of hydrolysis
was determined by titration of sample with alcoholic KOH
0.1 N. Titration was terminated when clear solution color
turned into slightly pink, indicating the achievement of neu-
tral point. Degree of hydrolysis was calculated using Equa-
tion 2 [22].

x 1071 X Mgog X MM

Vikon is the volume of Potassium Hydroxide Solution
(KOH) required (mL) to neutralize sample, Mxop is ex-
act concentration of KOH (0.1 M), MM is average molecu-
lar mass of fatty acids for palm oil, Wt is the exact sample
weight (g), and f is oil mass fraction in reaction mixture.
KOH concentration was exactly determined by weighing
Potassium Hydrogen Phtalate (KHP) (£ 0.100 g) and ap-
plying it to demineralized water until it was completely dis-
solved. Three drops of phenolphtalein (1% alcoholic solu-
tion) indicator were then added. KHF aqueous solution was
titrated with alcoholic KOH and the concentration was cal-
culated using Equation 3.

WKpH X 103
M = 3
roH Vkouw x Mrigup 3)

wg g p is the exact weight of potassium hydrogen phtalate
(g), Vkom is volume of alcoholic KOH required in titration
(mL), and Mrg g p is the molecular mass of potassium hy-
drogen phtalate (204.2).

D. Beads Surface Area Determination

Beads surface area of polypropylene, polyethylene,
polystyrene, silica gel, and silica gel was determined us-
ing Brunauer-Emmett-Teller (BET) surface area analysis.

Nitrogen was used as analysis gas.

III. RESULTS AND DISCUSSION
Experiments were conducted at mild temperature, atmo-
spheric pressure, and in the absence of lipolytic enzymes.
Thus, the process was focused on the occurring of triglyc-
eride hydrolysis reaction with assistance of hydrophobic
and hydrophilic solids.

Comparison between polypropylene beads, polyethylene
beads, polystyrene beads, silica gel, silica stone, and rice
bran acetone powder was observed in neutral and basic
conditions. Buffer was used to maintain consistency of pH
during hydrolysis reaction that produces fatty acids. Fig-
ure 1 and Figure 2 show hydrolysis results with buffer pH
7.00 and pH 8.25, respectively. In the presence of buffer pH
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Wi f x 100 (2)
7.00, the hydrolysis reaction was only slightly occurred, and
there was no significant difference between the solids’ per-
formance. On the other hand, in the presence of buffer pH
8.25, disparity of conversion was shown by utilization of
various solids in reaction mixture. It suggests that solids’
assistance in triglyceride hydrolysis was dependent on pH.
Basic buffers are commonly chosen in enzymatic triglyc-
eride hydrolysis due to the enzymes’ optimum activity in
this condition [23]. In this case, even in the absence of
lipolytic enzymes, basic condition promotes higher conver-
sion of triglyceride hydrolysis. It suggests that basic buffer
provides enough hydroxyl group, which was needed to ini-
tiate the reaction mechanism. Higher pH might promote
higher degree of hydrolysis, but in the cases where lipase
enzyme is utilized, it is undesired to use buffer with pH
above 8.5, because most of the lipases are optimum at pH
7.0-8.5 [23]. Neutral condition shows almost no differences
between the varied solids’ performance, thus the following
discussion will be focused on each solid’s performance at
pH 8.25.

Degree of h

Fig. 1. Profile of palm oil hydrolysis using solid particles
with assistance of buffer with pH 7.00

From the experimental data, hydrophobic beads
(polypropylene, polyethylene, and polystyrene) seem to
increase conversion of hydrolysis compared to hydrolysis
without beads. Utilization of hydrophobic beads in triglyc-

eride hydrolysis has been acknowledged when lipolytic en-
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zymes are involved, e.g.,, when the beads are used as immo-
bilization supports via adsorption method. Hydrophobic
surface promotes interfacial activation in a similar way to

25

5%
(=1

Degree of hydralysis (%%
y y
— _
L] h - i

A. N. Istyami, M. T A. P. Kresnowati, T. Prakoso, T. H. Soerawidjaja — The use of hydrophobic beads . . . . 12

lipolysis mechanism when lipase is contacted with oil sub-
strates, enhancing lipolytic activity [13, 24].

Fig. 2. Profile of palm oil hydrolysis using solid particles with assistance of

buffer with pH 8.25

Interaction between lipase and hydrophobic surface
changed lipase conformation into opened form, making
it easier to be accessed [18], and hydrophobic surfaces
around lipase active sites strongly adsorbed to the other
hydrophobic surfaces [25].
drophobic solids was also claimed to be a simultaneous

process of lipase purification and immobilization [13]. In

Lipase adsorption onto hy-

this experiment, it was revealed that the hydrophobic beads
themselves possess the ability to promote triglyceride hy-
drolysis. In the absence of lipolytic enzymes, beads agitated
in reaction mixture increase collision between triglyceride
and water molecules, facilitating more rapid mass transfer
of substrates than in reaction mixture without beads. Suf-
ficient contact is the key to high conversion in triglyceride
hydrolysis. In the current commercial process of Colgate-
Emery, non-catalytic contact is facilitated by high temper-
ature and pressure (250°C, 50 bar). In Twitchell process,
it is promoted by utilization of organosulphate acid. In en-
zymatic triglyceride hydrolysis, contact is facilitated by the
active sites of lipase. The experiment result in this study
suggests hydrophobic beads as low cost and low energy
tools to initiate or to extend hydrolysis conversion of triglyc-
eride to fatty acids. Separation of macromolecule beads is
easier than powdered beads or enzyme molecule, ensuring
high purity of fatty acids products.

On the other side, experiment result shows that utilization
of hydrophilic solids (silica gel, silica stone, and rice bran
acetone powder) reduces the degree of hydrolysis com-
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pared to hydrolysis without solids. The collision promoted
by hydrophobic beads was not shown in the utilization of
hydrophilic solids. It suggests that hydrophilic beads ab-
sorb water in mixture, reducing the molecules amount in-
volved in reaction, holding the conversion due to equilib-
rium limitation. Even in the case that rice bran acetone
powder is utilized, presence of rice bran lipase enzyme
seems negligible due to the losses of water in mixture. It
indicates the importance of hydrophobicity when solid par-
ticles are used in triglyceride hydrolysis.

For confirming reliability of the analysis described, reac-
tion component analysis was conducted. Experiments were
re-conducted in the absence of solids. Temperature, atmo-
sphere, agitation speed, and reaction period were identi-
cal to the experiments with hydrophobic and hydrophilic
solids. The results involving utilization of polypropylene
beads, polyethylene beads, and rice bran acetone powder
are shown in Figure 3, Figure 4, and Figure 5 respectively.
Initial conditions of each process were analyzed by agitat-
ing oil or reaction mixture for 10 seconds. Reaction was
terminated and acid value of the products was determined.
All experiments in this condition showed zero conversion.
Thus, it can be concluded that the hydrolysis reaction oc-
curred during the agitation, and the source of acid value was
not the plant oil, buffer, nor the solids themselves. In the 6
hour of agitation of plant oil, no fatty acids were found. It
confirms that hydrolysis of triglyceride requires sufficient
water, which is not accomplished by only the humidity of
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reaction atmosphere. It also eliminates the possibility of
degradation agent of triglyceride in the oil content.

Figure 3, Figure 4, and Figure 5 show that addition of pH
8.25 buffer into oil substrate increases fatty acid yield to
a remarkable extent (> 10%). Basic condition provides
enough hydroxyl group to initiate the reaction mechanism,
as discussed above, even in the absence of beads. Combina-
tion of basic buffer and hydrophobic beads, i.e., polypropy-
lene or polyethylene beads, increases the degree of hydrol-
ysis to almost 20%. Initiation of fatty acid formation is ad-
vantageous due to autocatalytic features in triglyceride hy-
drolysis [26], and it was provided low-cost and low-energy
assistance of buffer and hydrophobic beads. This phe-
nomenon was not shown in rice bran utilization. Although
buffer increases the degree of hydrolysis to 11%, addition
of rice bran to buffer-oil mixture reduces the hydrolysis re-
action. Hydrophilic character of rice bran decreases ‘free
water’ in the mixture both in the form of original powder
and acetone extract powder, suppressing the conversion of
triglyceride hydrolysis.

Different performance in triglyceride hydrolysis occurs

Degree of hydrolysis {%6)

10 I
0
0 0+B
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between the hydrophobic and hydrophilic beads them-
selves. To confirm the hypotheses that this performance
related to mass transfer was facilitated by beads surface,
the surface areas of several solids are shown in Table 1.
Among hydrophobic beads that were utilized, polypropy-
lene has the largest surface area, followed by polyethylene
and polystyrene. This order is identical with the order of
hydrophobic beads effect on the degree of hydrolysis (Fig-
ure 2). This phenomenon is also shown among the hy-
drophilic beads. We conclude that the surface area is an
important variable involved in increasing degree of hydrol-
ysis, because it facilitates contact between triglyceride and
water molecules. Nevertheless, although silica gel and sil-
ica stone have the largest surface area among all of the
beads observed, but their lack of hydrophobicity seems to
inhibit the hydrolysis reaction. This shows dominancy of
hydrophobicity effect compared to surface area effect on
facilitating the hydrolysis reaction. Rice bran’s hydrophilic
character also inhibits the hydrolysis reaction, despite of
the presence of lipase.

Initial
B §th hour reaction

+B+PP

Fig. 3. Reaction component analysis of triglyceride hydrolysis involving
polypropylene beads (O = oil, O + B = oil and buffer, O + B + PP
= oil, buffer, and polypropylene beads)
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Fig. 4. Reaction component analysis of triglyceride hydrolysis involving
polyethylene beads (O = oil, O + B = oil and buffer, O + B + PP
= oil, buffer, and polyethylene beads)

Degree of lydrobysis (%)
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Fig. 5. Reaction component analysis of triglyceride hydrolysis involving rice
bran powder O =oil, O + B = oil and buffer, O + B + R = oil, buffer,
and rice bran powder, O+ B+ RFE = oil, buffer, and rice bran acetone

powder,)

TABLE 1
BET SURFACE AREA OF SOLIDS USED IN EXPERIMENT

Beads Type

Surface Area (m?/g)

Polypropylene
Polyethylene
Polystyrene
Silica gel
Silica stone

110.005
36.866
1.815
263.882
186.002

In the recent development, lipase adsorption involving hy-
drophobic supports was reported to be a simple and ef-
ficient technique of lipase immobilization. It fixes the lid
opening of lipase active sites, leading to higher lipolytic ac-
tivity after immobilization [27]. Due to this condition, hy-
drophobic supports are claimed to be selective support for
lipase immobilization [18]. Several hydrophobic supports
have been reported as selective supports for lipase immo-
bilization are polypropylene powder [13] and octyl agarose

ISSN: 2414-4592
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[18, 27].

In our experiment, we reported that the hydrophobic solids
themselves are useful to increase conversion in triglyceride
hydrolysis, even when no lipase enzyme is impregnated.
This method can be used to increase fatty acid content in
reaction mixture. Triglyceride hydrolysis is an autocatalytic
reaction, and the conversion is faster when sufficient fatty
acid has been formed [26]. For attaining desirable yield, li-
pase can be immobilized with suitable support, preferably
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with high hydrophobicity and large surface area. Explo-
ration of various hydrophobic solids is necessary to ana-
lyze the compatibility of lipase with supports, because in
adsorption method, immobilization quality largely depends
on interaction between lipase and supports. Larger surface
area can be attained with smaller particle size, but extra fine
powder might cause several troubles in the separation pro-
cess. Optimization of this variable is necessary to be es-
tablished before application. In the near future, the tech-
nology of low temperature triglyceride hydrolysis involving
hydrophobic solids as lipase immobilization support is de-
sired to attain competitive yield compared to the conven-
tional thermal hydrolysis process.

IV. CONCLUSION
The effect of hydrophobic and hydrophilic solids at low tem-
perature triglyceride hydrolysis process has been reported
in this experiment. Comparison between two different pH
values suggests that basic condition is preferable in triglyc-
eride hydrolysis, with or without beads. Under the absence
of lipolytic enzymes, hydrophobic beads increased collision
between triglyceride and water molecules, enhancing the

2018

degree of hydrolysis to almost 20%. On the other hand, hy-
drophilic beads and powder decrease the degree of lipoly-
sis, even when the surface area is large and lipase enzyme is
contained. Hydrophilic character of solids inhibits hydrol-
ysis reaction of triglyceride to almost zero conversion. It
is concluded that hydrophobicity is an important factor in
utilization of solids in triglyceride hydrolysis. In the case
where hydrophobic solids are used, large surface area of the
solids promotes higher conversion of hydrolysis. Several
experiments were also conducted to confirm that enhance-
ment of hydrolysis degree was triggered by the involvement
of buffer and beads in the reaction, and the fatty acid prod-
uct was not intrinsically contained in plant oil, buffer, or
beads. This study results exposed that hydrophobic solids
are not only useful in triglyceride hydrolysis when lipase en-
zyme is attached, but also in the absence of enzyme. Thus,
it is recommended to be utilized in triglyceride hydrolysis,
whether as a trigger to increase fatty acid content in re-
action in the mixture or as lipase immobilization support.
Compatibility of substance with lipase is important before
determining the optimum particle size.
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