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RINGKASAN

RIFQI HAFIDZ ASH SHIDDIQ. Bioprospeksi Bacillus amyloliquefaciens SLBD
untuk Valorisasi Biomassa Lignoselulosa Feses Sapi Perah dan Produksi Metabolit
Sekunder Fungsional. Dibimbing oleh CAHYO BUDIMAN, EPI TAUFIK, dan
WINDI AL ZAHRA.

Biomassa lignoselulosa dari feses sapi perah merupakan sumber organik yang
berpotensi tinggi untuk valorisasi, mengingat kandungan selulosa dan
fiemiselulosanya yang melimpah. Namun, struktur lignin, selulosa, dan
Hemiselulosa yang kompleks sering kali membatasi akses dan efektivitas enzim
selulolitik dalam proses biodegradasi. Melalui pendekatan bioprospeksi, Bacillus
amyloliquefaciens SLBD, strain selulolitik lokal yang diisolasi dari feses kuda,
menjadi kandidat potensial karena kemampuannya menghasilkan enzim selulase
serta peluang memproduksi metabolit sekunder fungsional. Penelitian ini bertujuan
mengevaluasi potensi B. amyloliquefaciens SLBD dalam valorisasi biomassa
lignoselulosa feses sapi melalui karakterisasi aktivitas selulolitik terhadap substrat
feses, serta identifikasi metabolit sekunder yang dihasilkan. Biomassa feses terlebih
dahulu dikoleksi dari sapi perah Fakultas Peternakan IPB sebagai substrat valorisasi.
Pre-treatment biomassa dilakukan menggunakan dua pendekatan, yaitu
delignifikasi dengan asam kuat (H2SO.) dan basa kuat (NaOH). Berdasarkan hasil
analisis komposisi, perlakuan basa menunjukkan efektivitas paling tinggi dalam
meningkatkan aksesibilitas selulosa, yang ditandai dengan penurunan lignin hingga
4.,56% serta kestabilan fraksi selulosa yang lebih baik dibandingkan perlakuan asam.
Produksi enzim selulase mencapai puncaknya pada jam ke-20, bersamaan dengan
fase pertumbuhan eksponensial, sehingga menjadi titik optimum hidrolisis. Pada
tahap hidrolisis substrat, perlakuan basa menghasilkan gula reduksi tertinggi
sebesar 2,58 mg mL™' pada jam ke-72, sedangkan biomassa tanpa pre-treatment
mengalami penurunan gula setelah puncak jam ke-48 akibat konsumsi ulang
glukosa. Perlakuan asam menghasilkan gula lebih rendah, diduga karena
pembentukan senyawa inhibitor selama delignifikasi. Visualisasi melalui scanning
electron microscope (SEM) menunjukkan bahwa kombinasi perlakuan basa dan
hidrolisis B. amyloliquefaciens SLBD menghasilkan kerusakan serat paling intensif
berupa retakan, pembentukan pori besar, dan fragmentasi dinding sel. Selanjutnya,
liguid chromatography-mass spectrometry (LC-MS) mode ion positif dan negatif
mengungkap keberadaan beragam metabolit sekunder, termasuk triterpenoid
saponin tipe oleanane, crassifolioside, derivatif benzoxazole, turunan isoxazole, 4-
hydroxydodecanoic acid, folic acid, dan senyawa aromatik lain dengan aktivitas
bioaktif beragam, mulai dari antikanker, antiinflamasi dan antioksidan. Keberadaan
metabolit tersebut menunjukkan bahwa B. amyloliquefaciens SLBD tidak hanya
bekerja melalui sekresi selulase, tetapi juga menghasilkan molekul bioaktif yang
dapat mendukung degradasi biomassa, memberikan aktivitas antimikroba, serta
berpotensi diaplikasikan secara fungsional

Kata kunci: Bacillus amyloliquefaciens SLBD, bioprospeksi, feses, liquid
chromatography-mass spectrometry (LC-MS), scanning electron
microscope (SEM), valorisasi



SUMMARY

RIFQI HAFIDZ ASH SHIDDIQ. Bioprospecting of Bacillus amyloliquefaciens
SLBD for the Valorization of Lignocellulosic Biomass from Dairy Feces and the

Production of Functional Secondary Metabolites. Supervised by CAHYO
BUDIMAN, EPI TAUFIK, and WINDI AL ZAHRA.

Lignocellulosic biomass from dairy cattle feces represents a highly promising
organic resource for valorization due to its abundant cellulose and hemicellulose
content. However, the complex structure of lignin, cellulose, and hemicellulose
often limits enzymatic accessibility and reduces the efficiency of biodegradation
processes. Through a bioprospecting approach, Bacillus amyloliquefaciens SLBD,
a local cellulolytic strain, isolated from horse feces emerges as a potential candidate
owing to its ability to produce cellulase enzymes and its potential to synthesize
functional secondary metabolites. This study aimed to evaluate the potential of B.
amyloliquefaciens SLBD in valorizing lignocellulosic biomass from dairy feces by
characterizing its cellulolytic activity on the substrate and identifying the secondary
metabolites produced. Dairy feces were collected from dairy cattle at the Faculty of
Animal Science, IPB University, and used as the biomass substrate. The
lignocellulosic material underwent two pre-treatment approaches, namely
delignification using strong acid (H2SOa) and strong base (NaOH). Based on
compositional analysis, alkaline pre-treatment demonstrated the highest
effectiveness in improving cellulose accessibility, as indicated by a reduction in
lignin content of up to 4,56% and better preservation of the cellulose fraction
compared to acid treatment. Cellulase production reached its peak at 20 hours,
coinciding with the exponential growth phase, and was identified as the optimum
point for hydrolysis. During substrate hydrolysis, alkaline-treated biomass
produced the highest reducing sugar level, reaching 2,58 mg mL™" at 72 hours. In
contrast, untreated biomass showed a decline in sugar concentration after 48 hours
due to glucose reconsumption. Acid-treated biomass produced lower sugar levels,
presumably due to the formation of inhibitory compounds during delignification.
Scanning electron microscopy (SEM) revealed that the combination of alkaline pre-
treatment and B. amyloliquefaciens SLBD hydrolysis resulted in the most extensive
fiber disruption, characterized by surface cracking, enlarged pores, and cell-wall
fragmentation. Furthermore, liquid chromatography—mass spectrometry (LC-MS)
in both positive and negative ion modes identified a diverse array of secondary
metabolites, including oleanane-type triterpenoid saponins, crassifolioside,
benzoxazole derivatives, isoxazole derivatives, 4-hydroxydodecanoic acid, folic
acid, and various aromatic compounds exhibiting anticancer, anti-inflammatory,
and antioxidant activities. These findings demonstrate that B. amyloliquefaciens
SLBD does not rely solely on cellulase secretion for biomass degradation but also
produces bioactive secondary metabolites that may enhance biodegradation,
provide antimicrobial properties, and offer potential functional applications.

Keywords: Bacillus amyloliquefaciens SLBD, bioprospecting, feces, liquid
chromatography-mass spectrometry (LC-MS), scanning electron
microscope (SEM), valorisation
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