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ABSTRACT

This study aims to obtain phenolic lignin derived compounds through the lignin degradation
of oil palm empty fruit bunches (OPEFB) using TiO, photocatalyst and its antifungal activity against
Fusarium oxysporum. The lignin degradation of OPEFB begins with the extraction and isolation
stage using the soxhletation method with the presence of sodium hydroxide as a catalyst. The
success of this stage is indicated by Gas Chromatography (GC) measurement of
4-vinylguaiacol and Fourier Transform Infra Red (FTIR) spectroscopy measurement that indicated
the appearance of seven specific peak of lignin occurring at wave numbers 3421 cm', 2929 cm,
1596 cm™, 1508 cm, 1462 cm™', 1041 cm™, and 875 cm'. This result is supported by the appearance
of specific peaks of guaiacyl and syringyl groups at wave numbers 1328 cm™ and 1220 cm-'.
Based on the variation of the degradation time, the lignin degradation of OPEFB with a degradation
time of 15 min. showed optimum results in the production of lignin derived compounds. In addition,
it also provides a strong inhibitory response to the growth of Fusarium oxysporum with a clear
zone diameter 2.39 cm.
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INTRODUCTION

In recent years, Indonesia has been
reported as the world’s largest palm oil producing
country with a production range of 85 to 90%, or
about 37 million tones',2. This production is
expected to increase along with the increasing
global population, consumption of food and
cosmetic products that utilize palm oil®. So that the
production of palm oil will slowly increase the
amount of waste, both liquid and solid*?.

Oil palm empty fruit bunchs is a type of
solid waste produced mostly from palm oil
production. In 2016, the Agricultural Technology
Assessment Center of Indonesia reported that about
60 million tons of OPEFB were produced in a year.
This waste can pollute the air environment due to
the odour generated and as a medium grows of
pathogenic fungal that will interfere the growth of
other plants around it. But on the other hand, it is
potentially processed for various applications such
as compost®, plywood adhesive’, biomass?, waste
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water purification®, biofuel®, sugar production
materials'®, and reinforcing fiber for polymer
composite'. This is due to OPEFB containing
lignocellulose with cellulose (40-50%), hemicellulose
(24-35%), and lignin (18-35%),.

In agriculture, lignin is widely used as an
eco-friendly pesticide mixture',™. Lignin degradation
will produce phenolic derivatives and have high
antifungal activity'®,'”. So it is suitable to be
developed as a material of pathogenic fungicides
in agricultural crops.

Several methods such as enzymatic
degradation and degradation of photocatalysis
using TiO, have been reported to be able to degrade
lignin compounds’®,’®. Among these methods, lignin
degradation using TiO, photocatalyst has several
advantages such as facilitating the formation of large
reactive oxygen species, rapid degradation time,
easy preparation, relatively inexpensive cost, and
abundant raw material availability®°,2',22.

Based on the above considerations, in this
study the lignin of OPEFB was degraded in a UV
reactor that it was developed previously?®,2#, using
TiO, photocatalyst and tested its antifungal activity.
Fusarium oxysporum is selected as a pathogenic
fungal model to be tested. This fungal caused wilts,
blights, bots, and cancerous diseases in the prime
crop of agricultures.

EXPERIMENTAL METHOD

Sample Preparation

Samples of OPEFB (obtained from PT
Damai Jaya Lestari, Konawe Utara-Southeast
Sulawesi) are cleaned, dried in open space, and
milled using a grinding machine. The resulting
powder was then filtered using a 50 mesh sieve,
dried in an oven at 60°C, and extracted with
benzene : ethanol 96% at ratio 2 : 1 (v/v) for 6 hours.
The obtained precipitate was dried and extracted
again using water for 1 hour.

Lignin Isolation of OPEFB

Lignin isolation of OPEFB was carried out
in the digester refers to the method reported by?.
The OPEFB extract was performed into the digester
with the addition of ethanol 96% : water at a ratio of
1 : 1 (v/v) and followed by the addition of soduim
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hydroxide 20%. The mixture was then cooked using
a temperature of 170°C for 2 h, filtered in a cold
state, then the obtained filtrate was diluted using
water at a ratio of 1 : 2 (v/v), and titrated using sulfuric
acid 20%. The precipitate containing lignin was then
centrifuged for 20 min. at a rate of 4500 rpm and
recrystallized.

Lignin Degradation of OPEFB

The degradation of lignin into its phenolic
derivative was carried out using a TiO, photocatalyst
in a UV reactor. The degradation stage refers to the
results of a study reported by?. A total of 20 mL
lignin solution of OPEFB with a concentration of 4
ppm was put into 5 vials and each added 0.5 g of
TiO,. The lignin-TiO, mixture was put into the UV
reactor and degraded with variations of 5, 10, 15,
20 and 25 minutes.

Antifungal Activity of Fusarium oxysporum

A total of 10 ul cultures of Fusarium
oxysporum were inserted in eppendorf tubes
containing PDA media, then homogenized, poured
into petri dishes, and allowed to solidify. Furthermore,
20 pl lignin of OPEFB was added to the tube and
incubated for 3 days. The incubation results were
observed and measured the clear zone formed.
Fusarium oxysporum fungal rejuvenation was
performed in a sterile PDA medium incubated for 5
days at room temperature.

RESULTS AND DISCUSSION

Lignin identification and degradation of OPEFB

Lignin is an aromatic polymer formed by
the dehydrogenative polymerization of the three
cinnamyl alcohols (monolignols) p-coumaryl
(4-hydroxycinnamyl),coniferyl(4-hydroxy
-3-methoxycinnamyl) and sinapyl(4-hydroxy
-3,5-dimethoxycinnamyl), which are the precursors
of p-hydroxyphenyl (H), guaiacyl (G) and syringyl
(S) lignin-units®.

Based on Martinez et al., explained that
the main compounds identified by GC such as
4-vinylguaiacol and syringol®®. The retention
time in 26.63 min. (Fig.1) has identified the
4-vinylguaiacol group which derived from
guaiasyl group.

The fungsional group has identified by
FTIR analysis to determine the success of the
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extraction and lignin isolation from OPEFB. Fig. 2
shows the seven specific absorbing lignin peaks
occurring at the wave number 3421 cm™ for the
-OH vibration, 2929 cm for the vibration of C-H
from the methyl, 1596 and 1508 cm™ for the C=C
vibration of the aromatic ring, 1462 cm™ for
asymmetric C-H vibration, 1041 cm™ for the -OH
vibration of aliphatic or ether, and 875 cm™ for the C-H
vibration of the aromatic group. In addition, there are
also two absorption peaks at wave numbers 1328 cm'
and 1220 cm indicating the presence of a syringyl and
guaiasyl rings for lignin®. The emergence of this specific
peak indicates the success of our extraction and isolation
processes in this work.

Lignin of OPEFB were degraded using
anatase TiO, by UV light irradiation at 365 nm
wavelength range in a reactor. Anatase TiO, has
high photocatalytic properties that will result in
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excellent degradation activity®?,3',%2, In addition, the
use of anatase TiO, refers to the principle of
photocatalytic lignin degradation, where degradation
occurs at low energy with a wavelength range
between 300 nm and 400 nm® 4. In the wavelength
range, it is reported as the optimum light absorption
area of anatase TiO, (Figure. 3)%,%.

The time variation of lignin degradation is
an attempt to prevent lignin degradation completely.
Anatase TiO, can generally degrade organic
molecules into H,O and CO,¥,*®. Lignin degradation
will produce 4-hichroxyphenyl, guaiacyl, and
syringyl groups?. The groups are lignin derivatives
which are known like p-cumaril alcohol, coniferil
alcohol, and sinapil alcohol to have high antifungal
properties (Figure. 3).

Antifungal activity
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Fig.1. Lignin identified by GC for 4-vinylguaiacol

The antifungal activity test of lignin
derivative compounds was performed using well
diffusion method. This method is reported as an
effective method of testing antifungal activity®®.
Fig. 4A shows the results of antifungal activity test
against Fusarium oxysporum. These results suggest
that the variation of degradation time used in this
work is capable of producing lignin derived
compounds that can inhibit Fusarium oxysporum
growth. Based on the measurement of the diameter
of the clear zone (Fig. 4), it is known that the lignin
degradation for 15 min. has a high inhibitory effect
on the growth of Fusarium oxysporum with the clear
zone diameter is 2.39 cm. This diameter is reported
to have a strong growth barrier response for a
microorganism*,

Other than that, Fig. 4B also illustrates the
effect of time on the lignin degradation of OPEFB
using TiO, photocatalyst. The optimum degradation
time for lignin occurs in the 15 minutes. A degradation
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Fig.2. FTIR spectrum lignin of OPEFB.
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Fig.3. Mechanism purpose of lignin degradation by using TiO, photocatalyst

time span of 5 to 10 min. indicates that there is still a
considerable amount of lignin that has not been
degraded, while in the span of 20 to 25 min. indicates
that lignin decomposes perfectly to produce
molecules that have no phenolic properties.

259
2.15
_ 2.05 2.05
£ 2 )
o
2 1.48
@ - .
3
E 14
el
o
D T L] L T T
5 10 15 20 25
Time (minutes)
(b)

Fig.4. (A) Antifungal activity test of OPEFB lignin
derivative against Fusarium oxysporum with
degradation times: (a) 5 minutes, (b) 10 minutes,
(c) 15 minutes, (d) 20 minutes, and (e) 25 minutes.
(B) Plot of clear zone diameter versus
degradation times.

Lignin degradation mechanism of OPEFB with the
presence TiO, photocatalyst

Lignin degradation of OPEFB begin when
the surface of TiO, is exposed to UV light with a
wavelength of 365 nm. Electrons in the ground state
(low energy levels) will absorb the light so that it is
excited at higher energy levels while leaving strong
oxidizing holes (h+). The hole (h+) will oxidize the
H,O molecule or the OH- ion to form a hydroxyl
radical (OHo). In addition, the excited electron (e-)
will reduce the O, molecule to form a super oxide
(O,*) which will further facilitate the formation of H,0,
and OHe molecules*',*?,%3, These formed molecules
are reactive oxygen species (ROS) that play a role
in degrading the lignin of OPEFB. The lignin
degradation mechanism of OPEFB with the presence of
TiO, photocatalyst is shown in Figure. 5.

Light

Lignin of OPEFB — Derivativates of lignin

Fig.5. Lignin degradation mechanisms of OPEFB
using TiO, photocatalyst

CONCLUSION

The success of lignin extraction and
isolation process from OPEFB was characterized
by the emergence of nine specific absorption peaks
at wave numbers of 3421 cm', 2929 cm™, 1596 cm,
1508 cm™, 1462 cm™', 1328 cm™, 1220 cm, 1041
cm”, and 875 cm™. The use of TiO, photocatalyst
was able to degrade the lignin of OPEFB, where



NURDIN et al., Orient. J. Chem., Vol. 33(6), 3101-3106 (2017)

optimum degradation time occurred in the 15®
minute. The antifungal activity test of lignin and
derivative compounds carried out by well diffusion
method that gave a strong inhibitory response to
the growth of Fusarium oxysporum.
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