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RINGKASAN

INDA HASTUTI N NASER. Imobilisasi Enzim Lakase Phellinus noxius BRB 11
Pada Halloysite Nanotubes — Asam Amino Untuk Dekolorisasi Pewarna Acid Blue
129. Dibimbing oleh TETTY KEMALA, DEDE HERI YULI YANTO, dan
HENNY PURWANINGSIH.

Pewarna sintetis diketahui bersifat toksik dan karsinogenik. Salah satu
pewarna sintetis yang beracun adalah Acid Blue 129 (AB129). Hanya 30% pewarna
sintesis terserap oleh kain, sehingga diperlukan teknik pengolahan limbah yang
efektif untuk mencegah dampak negatif terhadap lingkungan. Kombinasi metode
biologis dan fisika, seperti pemanfaatan enzim lakase dan Halloysite nanotube
{HNTs) menjadi langkah strategis yang relevan. Enzim lakase dari Phellinus noxius
BRB 11 berpotensi digunakan untuk dekolorisasi AB129, namun efisiensinya perlu
ditingkatkan. Teknik imobilisasi menggunakan HNTs dan penambahan Asam
Amino (AA) berpotensi dapat meningkatkan stabilitas dan kinerja enzim untuk
dekolorisasi pewarna AB129. Oleh karena itu, penelitian ini bertujuan untuk
mengetahui pengaruh imobilisasi enzim lakase Phellinus noxius BRB 11 pada
HNTs yang dimodifikasi dengan asam amino terhadap efektivitas dekolorisasi
AB129, menganalisis karakteristik HNTs-AA terbaik setelah imobilisasi enzim,
mengidentifikasi efektivitas enzim lakase pada imobilisasi HNTs-AA, serta
mengevaluasi mekanisme dekolorisasi enzim lakase sebelum dan sesudah
imobilisasi.

Enzim lakase terbuat dari hasil fermentasi solid-state isolat jamur pelapuk
putih Phellinus noxius BRB 11, dan dilakukan pengujian aktivitas enzim dengan
spektofotometri. Bahan pendukung HNTs dimodifikasi melalui proses kimia yang
melibatkan larutan asam amino (Glycine, L-Valine, L-Aspartic acid, L-Glutamic
acid, L-Arginine, dan L-Phenylalanine) 0,6 M, serta H.SO4 pekat sebagai katalis.
Imobilisasi enzim terhadap HNTs-Asam Amino menggunkaan cross-linking.
Dekolorisasi pewarna AB129 dievaluasi dari HNTs/AA—Lac, serta pengujian
toksisitas dan resaubility terhadap asam HNTs/AA terbaik. Analisis gugus fungsi
dan morfologi permukaan HNTs murni, HNTs/AA, dan HNTs/AA—Lac.

HNTs/Gly—-Lac mencapai tingkat imobilisasi sebesar 98,45% =+ 0,19.
Sebanyak 0,11 U/g enzim yang terimobilisasi mampu mendekolorisasi 94,60%
warna AB129 dalam kurun waktu 2 jam pada pH 4,5 dan suhu 40 °C. Analisis FTIR
menunjukkan identifikasi keberhasilan imobilisasi dengan munculnya puncak pada
1640 cm™ (ikatan imina, —C=N-). Berdasarkan FESEM-EDS dan HR-TEM,
permukaan HNTs setelah imobilisasi terlihat kasar dan menebal sekitar 20 nm
dengan lapisan tipis abu—abu muda. Hal ini menunjukkan bahwa enzim lakase
berhasil menempel pada permukaan HNTs. HNTs/Gly—-Lac menghasilkan
toksisitas lebih rendah dibandingkan pewarna sintetis AB129. Penggunaan ulang
HNTs/Gly—-Lac mempertahankan aktivitas sebesar 45 + 0,4% pada siklus keempat.
HNTs/Gly-Lac memiliki potensi sebagai bahan pendukung dekolorisasi yang
praktis, sederhana, dan ramah lingkungan untuk pengolahan limbah pewarna
sintetis.

Kata kunci: acid blue 129, cross—linking, dekolorisasi, glisina, halloysite
nanotube.



SUMMARY

INDA HASTUTI N NASER. Imobilisasi Enzim Lakase Phellinus noxius BRB 11
Pada Halloysite Nanotubes — Asam Amino Untuk Dekolorisasi Pewarna Acid Blue
129. Supervised by TETTY KEMALA, DEDE HERI YULI YANTO, and HENNY
PURWANINGSIH.

Synthetic dyes are known to be toxic and carcinogenic. One such hazardous
synthetic dye is Acid Blue 129 (AB129). Only 30% of synthetic dyes are absorbed
by fabrics, necessitating effective wastewater treatment techniques to prevent
negative environmental impacts. The combination of biological and physical
methods, such as the utilization of laccase enzymes and Halloysite nanotubes
(HNTs), represents a relevant strategic approach. The laccase enzyme derived from
Phellinus noxius BRB 11 shows potential for decolorizing AB129. However, its
efficiency requires enhancement. Immobilization techniques utilizing HNTs and
the addition of amino acids (AAs) have the potential to improve the stability and
performance of the enzyme for AB129 decolorization. This study aims to
investigate the effect of immobilizing the laccase enzyme from Phellinus noxius
BRB 11 on HNTs modified with amino acids on the decolorization effectiveness of
AB129, analyze the characteristics of the optimal HNTs-AA after enzyme
immobilization, evaluate the effectiveness of the immobilized laccase enzyme on
HNTs-AA, and explore the decolorization mechanism before and after
immobilization.

The laccase enzyme was produced through solid-state fermentation of the
white-rot fungal isolate Phellinus noxius BRB 11 and its activity was tested
spectrophotometrically. HNTs were chemically modified using a 0.6 M amino acid
solution (Glycine, L-Valine, L-Aspartic acid, L-Glutamic acid, L-Arginine, and L-
Phenylalanine) and concentrated H-SOa as a catalyst. Enzyme immobilization on
HNTs-amino acids was carried out using a cross-linking method. Decolorization of
ABI129 dye was evaluated using HNTs/AA-Lac, followed by toxicity and
reusability testing of the optimal HNTs/AA. Functional group and surface
morphology analyses were performed on pure HNTs, HNTs/AA, and HNTs/AA—
Lac.

HNTs/Gly—Lac achieved an immobilization efficiency of 98.45% + 0.19,
with 0.11 U/g of immobilized enzyme capable of decolorizing 94.60% of AB129
dye within 2 hours at pH 4.5 and 40 °C. FTIR analysis confirmed successful
immobilization through the presence of a peak at 1640 cm™* (imine bond, —-C=N-).
FESEM-EDS and HR-TEM analyses revealed that the HNTs surface after
immobilization appeared rough and thickened by approximately 20 nm, with a thin
light-gray coating, indicating successful enzyme attachment to the HNTs surface.
The HNTs/Gly-Lac exhibited lower toxicity compared to the synthetic dye AB129.
Reusability tests showed that HNTs/Gly—Lac retained 45 & 0.4% of its activity after
four cycles. HNTs/Gly—Lac demonstrated potential as a practical, simple, and eco-
friendly support material for decolorization processes, offering a promising
approach for treating synthetic dye wastewater.

Keywords: acid blue 129, cross—linking, decolorization, glycine, halloysite
nanotube.
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