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ABSTRACT

Natural biopesticide has been prepared by lignin photodegradation for antimicrobial activity on Fusarium oxysporum and Xanthomonas sp. The
photodegradation process in UV reactor was performed by FeO.TiO2 mass and lignin concentration variations. The results showed that lignin
concentration on 500 ppm and 700 ppm with 0.2 g FeO.TiO: as an optimum mass to degrade lignin were 20.63% and 27.17%. Based on antimicrobial
activity test against Fusarium oxysporum showed that the lignin degradation compound in 300 ppm, 500 ppm, and 700 ppm were 11.67 mm, 13 mm,
and 21 mm diameter zone. Meanwhile, the results of lignin degradation compound have a good activity test of Xanthomonas sp. for 300 ppm, 500 ppm,
and 700 ppm with inhibitory zone were 17.6 mm, 18.33 mm, and 19.66 mm, respectively. These results indicated that the lignin photodegradation for
700 ppm using FeO.TiO: has produced activity with a strong inhibitory zone against Fusarium oxysporum and Xanthomonas sp.
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INTRODUCTION

Degradation of photocatalytic organic compounds is an
alternative method which many researchers have been widely
reported in recent years. Utilization of photocatalyst material such
as Titanium dioxide (TiO;) has an advantage i.e. the abundance
of raw materials, friendly used (green chemistry), non-toxic, and
high degradation activity cause faster for efficiency degradation
time'2. In otherhand, it is high for oxidation reaction with the
potential charge is + 3.5 V. It is high oxidation to produce hole
(h") of TiO, photocatalyst under UV light irradiation’.
Meanwhile, the 4" could be not active where the electron back to
the hole, this phenomenon namely recombination process®. This
condition needed to modificate TiO, material to reduce the
occurrence of electron recombination®.

FeO.TiO, material is a modification between TiO, material and
Fe dopan which can be synthesized by using a sol-gel method’.
In last year, FeO.TiO, was many applicable to degrade the
organic compounds such as Rhodamin B, Methyl Orange, and
Methylene Blue®®. 1t is the high physicochemical activity because
of inert materials, high-efficiency photocatalysis, friendly used,
and abundance materials in Southeast Sulawesi-Indonesia'®. This
material facilitates the separation of electron-hole pairs to prevent
the occurrence of rapid recombination process. Moreover, the
FeO.TiO, can be obtained by using extraction method from
mineral sands'!. Nurdin et al. reported that FeO.TiO, mineral
containing much metal distribution for applicable to the catalyst
materials. The complex mineral in mineral sands due to high

density for photocatalyst material to degrade organic compounds
in wastewater pollution'2.

In this study, we are reporting the FeO.TiO, activity to degrade
lignin compound in photocatalysis system. This results, we used
for antimicrobial activity test which potentially as the natural
pesticide!>!4. Lignin was many used for industries such as pulp,
biodiesel, and bioethanol'>!°, It is advantages in agriculture field
as the natural pesticide due to the lignin have a complex structure
that containing a hydroxyl group (-OH) which affect for bacterial
life!”'8, An approach of this study provides FeO.TiO; effective to
degrade lignin compound from empty palm oil fruit bunches
(EPOFB) to produce the derivates of lignin compound such as p-
coumaryl alcohol, sinapyl alcohol, and coumaryl alcohol -2, The
degradation of lignin using photodegradation showed a good
effective compared with the other method likes enzymatic and
thermal.

MATERIAL AND METHODS
Apparatus and chemical

UV reactor used to degrade lignin solution, 10-watt UV lamp
(Black Light Blue (blb/uv-a)) as UV light sources, reflux
equipment for synthesis FeO.TiO,, glasses apparatus, analytic
balance, UV-Vis spectrophotometer (JASCO V-730 UV-Vis
Spectrophotometer) used for absorbance analysis of lignin
degradation. Titanium tetraisopropoxide (TTIP) (Sigma-Aldrich)
as precursor FeO.TiO,, Fe(NOs); dopant Fe sources (Sigma-
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Aldrich), Acetyl Acetonate (Sigma-Aldrich), 99% ethanol
(Sigma-Aldrich), and distilled water as the solvent casting.
Natural strain Fusarium oxysporum and Xanthomonas sp., and
Potato Dextrose Agar (PDA) (Sigma-Aldrich).

Synthesis of FeO.TiO,

The FeO.TiO, synthesis is performed referring to the method
reported by Wibowo et al. and Maulidiyah et al. that the synthesis
of FeO.TiO; by mixing two solutions in the reflux flask. The first
solution is a colloidal solution of TiO; prepared by hydrolysis of
4.0 mL TTIP in 0.50 mL acetyl acetone, and 15.0 mL of 99%
ethanol. The second solution was prepared by mixing 15.0 mL of
99% ethanol, 2.0 mL of distilled water and addition 1.0 mL of 0.1
M acetic acid. The two solutions were mixed and stirred using a
magnetic stirrer for 3 h at 50°C and continued with the addition
of Fe(NOs3)3 as Fe dopant to give FeO.TiO; in the form of sol. The
remaining solvent was evaporated in an open space and continued
with heating at 80°C°2!.

Lignin Degradation

_ o< 1§

The degradation of lignin was carried out in a UV reactor which
was reportedly performed by Nurdin et al. that the 20 mL lignin
solution with a concentration of 500 ppm was filled in 3 chemical
glass and added FeO.TiO, with a mass of 0.1 g, 0.2 g, and 0.3 g,
respectively. The chemical glass containing the lignin-FeO.TiO,
mixture is added in the reactor and exposed to UV light with a
wavelength of 365 nm for 40 minutes. The lignin solution was
taken and filtered. Then this solution was measured the
absorbance value using a UV-Vis spectrophotometer, while the
degradation result was stored for the antimicrobial activity test?2.

Antimicrobial Activity Test

The method of wells was carried out by using 2 layers of solid
medium and semisolid medium of PDA. The resulting wells were
then filled with a solution of lignin degradation as a test
compound, distilled water as a negative control, and 2% benomyl
as a positive control of 15 pL. Subsequently, it was incubated for
24 hours at 37°C to obtain an inhibitory zone which was formed
to determine the antimicrobial inhibition test results.
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Figure 1: Lignin degradation scheme in the UV Reactor in the presence of FeO.TiO:.
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Figure 2: Effectivity of FeO.TiO: mass in lignin degradation.
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Figure 4: The antimicrobial activity of lignin degradation compound against Fusarium oxysporum and Xanthomonas sp.
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Figure 3. The result of GC-MS analysis as lignin-derived.
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Figure 5. Depolymerization and rearrangement of lignin degraded polymer structures™
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RESULTS
Photodegradation of Lignin

Based on photodegradation results against 500 ppm lignin
solution, it can be seen that FeO.TiO, mass of 0.2 g has a high
degradation of 20.63% compared with 0.1 g and 0.3 g which has
percentage degradation of 11.71% and 13.6% (Figure 2). The
presence of FeO.TiO, effectively for accelerating lignin
degradation. According to Wibowo et al. reported that FeO.TiO,
has good photodegradation activity to degrade organic
compounds®. In this work, we also studied the effectiveness of
FeO.TiO, mass by a testing performance at higher lignin
concentration of 700 ppm. Based on FeO.TiO, mass variation, the
results showed that FeO.TiO, with 0.2 g mass still a high percent
degradation of 27.17% compared with 0.1 g and 0.3 g.

Based on GC-MS data from lignin degradation for 40 minutes
(Figure 3) indicated that lignin derivate has obtained as phenol
group compounds such as 2-Isopropyl-5-methylcyclohexyl-3-(1-
phenyl-3-oxobutyl)-coumarin-4-yl carbonate. Furthermore, the
other phenol compounds indicated provides degradation result s
of 4H-1-Benzopyran-4-one,6,7-dimethoxy-3-phenyl, and 1,2,4-
Benzenetricarboxylic acid, 1,2-dimethyl ester. This compounds
also have an antimicrobial activity.

Antimicrobial activity of Lignin degradation compounds

The antimicrobial activity test by using well diffusion method
which aimed to find out the high inhibitory of lignin degraded
compound on the growth of Fusarium oxysporum and
Xanthomonas sp. by observing the clear zone size formed around
the medium containing the fungus.

Based on the results of Fusarium oxysporum that lignin
compound of 700 ppm degraded for 40 minutes showed a high
inhibitory activity compared to lignin 300 ppm and 500 ppm
namely 21 nm. The same results of Xanthomonas sp. Activity test
(Figure 4) that the lignin degradation compound of 700 ppm
provides a high inhibitory activity of 19.66 mm. The amount of
lignin compound 700 ppm degraded becomes the reason for the
high inhibitory power activity to Fusarium oxysporum and
Xanthomonas sp.

The inhibitory activity results from lignin photodegradation of
700 ppm is a relatively strong inhibitory, based on Mulyadi et al.
that the mushroom or microbial growth resistance response is less
effective when the clear zone diameter is <10 mm, weak if it
ranges from 10-15 mm, medium between 16-20 mm, and strong
above equal to 20 mm?,

DISCUSSION

The increase of degradation result caused by the lignin
depolymerization which is the cleavage of ester and ether bonds
into a simpler structure (Figure 5). There was also to rearrange
the condensed lignin polymer structure to form a new complex?*.

Furthermore, the lignin degraded was tested against Fusarium
oxysporum and Xanthomonas sp. antimicrobial. The selection of
Fusarium oxysporum as a model of pathogenic fungus is caused
it is reportedly attaced leading crops that trigger wilts, blights,
bots, and cancer. Meanwhile, Xanthomonas sp. reported can
affect wilt disease in plants'2. These results indicated that the
lignin photodegradation for 700 ppm using FeO.TiO, has
produced activity with a strong inhibitory zone against Fusarium
oxysporum and Xanthomonas sp.

Maulidiyah et al. reported that photocatalytic lignin degradation
compounds contain phenolic derivatives which have high activity
in damaging fungal activity. In addition, the use of a long
photocatalytic degradation time will result in perfect lignin
degradation resulting in H,O molecules. While the rapid
degradation time causes ineffective degradation. Both of these
will have an impact on the decrease in antimicrobial activity'3.

The antimicrobial activity of the lignin photodegradation
compound can occur that the lipid destruction process on
Fusarium oxysporum and Xanthomonas sp. plasma membrane. In
addition, the occurrence of protein denaturation by lignin
degradation compounds that lysis cell wall so that it can damage
the microbial cell walls!2.

CONCLUSION

The effectiveness of FeO.TiO; in degrading lignin is influenced
by mass and degradation time. The FeO.TiO, mass of 0.2 g is the
optimum mass in this study, while the optimum degradation time
lasts for 40 minutes. The time factor showed the high
antimicrobial activity for the inactivation of Fusarium oxysporum
and Xanthomonas sp. with inhibitory power generated of 21 mm
and 19.66 mm. This inhibitory power is classified as a strong
inhibitory category.

ACKNOWLEDGEMENTS

We acknowledge for financial support of DRPM — Ministry of
Research, Technology, and Higher Education, Indonesia and
Universitas Halu Oleo to conduct this research.

REFERENCES

1. Maulidiyah, Tribawono DS, Wibowo D, Nurdin M.
Electrochemical profile degradation of amino acid by flow
system using TiO,/Ti nanotubes electrode. Analytical &
bioanalytical electrochemistry. 2016;8(6):761-776.

2. Nurdin M, Muzakkar MZ, Maulidiyah M, Nurjannah M,
Wibowo D. Plasmonic silver — N/TiO, effect on
photoelectrocatalytic oxidation reaction. Journal of materials
and environmental science. 2016;7:3334-3343.

3. Arham Z, Nurdin M, Buchari B. Photoelectrocatalysis
performance of La,O3 doped TiO»/Ti electrode in degradation
of rhodamine B organic compound. International journal of
chemtech research. 2016;9(11):113-120.

4. Mursalim LOAM, Ruslan, Safitri RA, Azis T, Maulidiyah,
Wibowo D, Nurdin M. Synthesis and photoelectrocatalytic
performance Mn-N-TiO»/Ti electrode for electrochemical
Sensor. IOP Conf. Series: materials science and engineering,
2017;267:012006.

5. Ruslan, Mirzan M, Nurdin M, Wahab AW. Characterization
and photocurrent response of Mn-N-TiO,/Ti electrode:
Approach for chemical oxygen demand (COD) sensor.
International journal of applied chemistry. 2016;12(3):399-
409.

6. Nurdin M, Ramadhan LOAN, Darmawati, Maulidiyah,
Wibowo D. Synthesis of Ni, N co-doped TiO, using
microwave-assisted method for sodium lauryl sulfate
degradation by photocatalyst. Journal of coatings and
technology research, 2018;15(2):395-402.

7. Wibowo D, Ruslan, Maulidiyah, Nurdin M. Determination of
COD based on photoelectrocatalysis of FeTiO3.TiO,/Ti
electrode. IOP Conf. Series: materials science and
engineering. 2017;267:012007.

8. Hikmawati, Watoni AH, Wibowo D, Maulidiyah, Nurdin M.
Synthesis of nano-ilmenite (FeTiO3) doped TiO,/Ti electrode

173



10.

11.

12.

13.

14.

15.

16.

17.

Muh. Natsir et al. Int. Res. ]. Pharm. 2018, 9 (6)

for photoelectrocatalytic system. IOP Conf. Series: materials
science and engineering. 2017;267:012005.

Wibowo D, Maulidiyah, Ruslan, Azis T, Nurdin M. A high-
performance electrochemical sensor based on FeTiO3
synthesis coated on conductive substrates. Analytical and
bioanalytical electrochemistry. 2018;10(4):465-477.

Nurdin M, Watoni AH, Maulidiyah, Abdillah N, Wibowo D.
Development of extraction method and characterization of
TiO, mineral from ilmenite. International journal of chemtech
research. 2016;9(4):483-491.

Nurdin M, Zaeni A, Maulidiyah, Natsir M, Bampe A,
Wibowo D. Comparison of conventional and microwave
assisted extraction methods for TiO, recovery in mineral
sands. Oriental journal of chemistry. 2016;32:2713-2721.
Nurdin M, Yanti NA, Suciani, Watoni AH, Maulidiyah,
Aladin A, Wibowo D. Efficiency of ilmenite photocatalyst
material as modelling for antimicrobial activity. Asian
Journal of Chemistry. 2018;30(6):1387-1392.

Maulidiyah, Natsir M, Fitrianingsih F, Arham Z, Wibowo D,
Nurdin M. Lignin degradation of oil palm empty fruit
bunches using TiO, photocatalyst as antifungal of Fusarium
Oxysporum. Oriental journal of chemistry. 2017;33(6):3101-
3106.

Natsir M, Tuwo MA, Suyuti N, Hafid H, Ansharullah A,
Sutrizal LO, Maulidiyah M, Nurdin M. Photodegradation of
lignin by TiO;-Ilmenite for natural pesticide material. Asian
journal of chemistry. 2018;30(7):1590-1592.

Maulidiyah, Nurdin M, Fatma F, Natsir M, Wibowo D.
Characterization of methyl ester compound of biodiesel from
industrial liquid waste of crude palm oil processing.
Analytical Chemistry Research. 2017;12:1-9.

Sari AA, Kurniawan HH, Nurdin M, Abimanyu H.
Decolorization of black liquor wastewater generated from
bioethanol process by using oil palm empty fruit bunches.
Energy Procedia. 2015;68:254 — 262.

Maulidiyah, Cahyana AH, Suwarso WP, Nurdin M. Isolation
and structure elucidation of Eumitrin Al from lichen Usnea
blepharea Motyka and its cytotoxic activity. International
journal of pharmtech research. 2015;8(4):782-789.

18.

19.

20.

21.

22.

23.

24.

Li W, Zhang M, Du Z, Ma Q, Jameel H, Chang H-m.
Photocatalytic degradation of lignin model compounds and
kraft pine lignin by CdS/TiO, under visible light irradiation.
Bioresources. 2015;10(1):1245-1259.

Duenas-Ruiz FJ, and Martinez AT. Microbial degradation of
lignin: how a bulky recalcitrant polymer is efficiently
recycled in nature and how we can take advantage of this.
Microbial Biotechnology. 2009;2(2):164-177.

Lee HV, Hamid SBA, Zain SK. Conversion of
Lignocellulosic Biomass to Nanocellulose: Structure and
Chemical Process. The Scientif World Journal.
2014;2014:631013.

Maulidiyah, Azis T, Nurwahidah AT, Wibowo D, Nurdin M.
Photoelectrocatalyst of Fe codoped N-TiO»/Ti nanotubes:
pesticide degradation of thiamethoxam under UV-Visible
lights. Environmental nanotechnology, monitoring, and
management. 2017;8: 109-111.

Nurdin M, Zaeni A, Rammang ET, Maulidiyah M, Wibowo
D. Reactor design development of chemical oxygen demand
flow system and its application. Analytical and bioanalytical
electrochemistry. 2017;9(3):480-494.

Mulyadi M, Wuryanti, Purbowatiningrum R.S. Konsentrasi
hambat minimum (KHM) kadar sampel alang-alang
(Imperata cylindrica) dalam etanol melalui metode difusi
cakram. Chem info. 2013;1(1):35-42.

Banoub J, Delmas GH Jr, Joly N, Mackenzie G, Cachet N,
Benjelloun-Mlayah B, Delmas M. A critique on the structural
analysis of lignins and application of novel tandem mass
spectrometric strategies to determine lignin sequencing.
Journal of mass spectrometry. 2014;50(1):5-48.

Cite this article as:

Muh. Natsir et al.

Natural biopesticide preparation as

antimicrobial material based on lignin photodegradation using
mineral ilmenite (FeO.TiO2). Int. Res. J. Pharm. 2018;9(6):170-
174 http://dx.doi.org/10.7897/2230-8407.096111

Source of support: Nil, Conflict of interest: None Declared

Disclaimer: IRJP is solely owned by Moksha Publishing House - A non-profit publishing house, dedicated to publish quality research, while
every effort has been taken to verify the accuracy of the content published in our Journal. IRJP cannot accept any responsibility or liability for
the site content and articles published. The views expressed in articles by our contributing authors are not necessarily those of IRJP editor or
editorial board members.

174



