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RINGKASAN 

ARIANDI. Bioaktivitas Hidrolisat Protein Produk Samping Ikan Tenggiri Hasil 

Fermentasi Menggunakan Pediococcus pentosaceus IL13. Dibimbing oleh ANJA 

MERYANDINI, DIMAS ANDRIANTO, dan APON ZAENAL MUSTOPA 

 

 Produksi dan pengolahan ikan yang terus meningkat menghasilkan produk 

samping dalam jumlah besar, seperti daging sisa, kulit, tulang, kepala, dan jeroan, 

yang mencapai sekitar 50-60% dari total biomassa ikan. Selain itu, ikan yang tidak 

memenuhi standar pengendalian mutu industri akibat kerusakan fisik juga turut 

meningkatkan volume produk samping perikanan. Sebagian besar produk samping 

tersebut masih dimanfaatkan secara terbatas atau bahkan dibuang sehingga 

berpotensi mencemari lingkungan. Produk samping ikan tenggiri (Scomberomorus 

commerson) merupakan sumber protein dan kolagen yang melimpah serta 

berpotensi dikembangkan menjadi senyawa bioaktif melalui fermentasi. Fermentasi 

menggunakan bakteri asam laktat, khususnya Pediococcus pentosaceus IL13 yang 

memiliki aktivitas proteolitik tinggi, mampu menghidrolisis protein menjadi 

peptida berbobot molekul rendah yang berpotensi memiliki berbagai bioaktivitas. 

Pendekatan ini tidak hanya meningkatkan nilai tambah produk samping perikanan, 

tetapi juga mendukung penerapan konsep tanpa limbah (zero waste), ekonomi 

sirkular, serta pengembangan pangan fungsional dan nutraseutikal yang 

berkelanjutan.  

Penelitian ini bertujuan untuk mengkaji bioaktivitas hidrolisat protein 

produk samping ikan tenggiri hasil fermentasi menggunakan Pediococcus 

pentosaceus IL13 melalui pendekatan in vitro, in silico, peptidomics, dan 

metabolomics. Secara khusus penelitian ini menganalisis proksimat produk 

samping ikan tenggiri, kurva pertumbuhan Pediococcus pentosaceus IL13,  

biokimia hidrolisat, aktivitas antioksidan, antiinflamasi, antidiabetes, dan 

antibakteri dari hidrolisat yang berasal dari daging, kulit, dan campuran daging-

kulit (1:1), baik dalam bentuk hidrolisat kasar maupun fraksi hasil ultrafiltrasi (<30 

kDa, <10 kDa, dan <3 kDa). Selain itu, penelitian ini mengidentifikasi peptida 

bioaktif menggunakan liquid chromatography-high resolution mass spectrometry 

(LC-HRMS), memprediksi potensi biologis, toksisitas, alergenisitas, aktivitas 

antidiabetes, dan antimikroba secara in silico, serta melakukan analisis molecular 

docking terhadap target protein yang berkaitan dengan inflamasi dan stres oksidatif. 

Analisis untargeted metabolomics juga dilakukan untuk mengidentifikasi senyawa 

metabolit yang berpotensi berkontribusi terhadap aktivitas biologis hidrolisat.  

Hasil menunjukkan bahwa fermentasi menggunakan Pediococcus 

pentosaceus IL13 secara signifikan meningkatkan derajat hidrolisis protein 

sehingga menghasilkan peptida berbobot molekul rendah yang memiliki aktivitas 

biologis tinggi. Pengujian bioaktivitas menunjukkan bahwa hidrolisat hasil 

fermentasi memiliki aktivitas antioksidan dan antiinflamasi yang kuat, terutama 

pada fraksi ultrafiltrasi <3 kDa yang secara konsisten memberikan aktivitas 

tertinggi dibandingkan fraksi lainnya. Hidrolisat kulit ikan menunjukkan aktivitas 

antioksidan paling tinggi, yang ditunjukkan oleh kemampuan menangkap radikal 

bebas secara lebih efektif, dan aktivitas antiinflamasi terbaik melalui penghambatan 

denaturasi protein yang lebih besar dibandingkan hidrolisat daging maupun 

campuran. Hasil ini menunjukkan bahwa peptida kolagen berbobot molekul rendah 



yang dihasilkan dari fermentasi kulit ikan merupakan komponen utama yang 

berkontribusi terhadap kedua aktivitas tersebut. Selain itu, penelitian ini juga 

menunjukkan bahwa hidrolisat hasil fermentasi memiliki potensi sebagai agen 

antidiabetes (penghambatan α-glukosidase) dan antibakteri. Fraksi <3 kDa 

memberikan aktivitas penghambatan enzim α-glukosidase tertinggi, sedangkan 

hidrolisat campuran (daging dan kulit) menunjukkan potensi penghambatan α-

glukosidase terbaik dengan nilai IC₅₀ sebesar 34,692 mg/mL. Pada pengujian 

antibakteri, seluruh hidrolisat mampu menghambat pertumbuhan bakteri Gram-

positif maupun Gram-negatif, dengan aktivitas paling kuat terhadap Listeria 

monocytogenes. Temuan ini menegaskan bahwa fermentasi yang dikombinasikan 

dengan proses ultrafiltrasi efektif memperkaya peptida bioaktif berbobot molekul 

rendah yang berperan penting dalam menghasilkan berbagai aktivitas biologis yang 

saling melengkapi.  

Analisis peptidomik menggunakan LC-HRMS setelah preparasi sampel 

melalui digesti tripsin berhasil mengidentifikasi 211 sekuens peptida yang terutama 

berkaitan dengan protein kolagen, miosin, dan aktin. Dari jumlah tersebut dipilih 

17 dan 35 peptida representatif untuk dilakukan analisis bioinformatika lebih lanjut. 

Sebagian besar peptida diprediksi sebagai peptida baru (novel peptides), tidak 

toksik, dan tidak alergenik. Analisis in silico menunjukkan bahwa beberapa peptida 

memiliki potensi tinggi sebagai peptida antidiabetes dan antimikroba. Peptida 

SPAMPVPGPMGPMGPR memiliki skor tertinggi sebagai kandidat antidiabetes, 

sedangkan peptida AVFPSIVGRPR menunjukkan prediksi aktivitas antimikroba 

yang paling konsisten berdasarkan beberapa platform prediksi. Analisis molecular 

docking mengidentifikasi peptida TGPIGMPGAR memiliki afinitas ikatan terbaik 

terhadap protein Keap1 sehingga berpotensi memodulasi jalur Keap1-Nrf2 yang 

berperan dalam pertahanan antioksidan seluler, sedangkan peptida 

RLNFDAFLPMLK menunjukkan afinitas tinggi terhadap TNF-α yang berpotensi 

mendukung aktivitas antiinflamasi. 

Selain peptida, analisis untargeted metabolomics menggunakan LC-HRMS 

mengidentifikasi berbagai metabolit bioaktif yang berkontribusi terhadap aktivitas 

biologis hidrolisat. Metabolit seperti taurin, asam amino, kreatin, kreatinin, asam 

glutamat, dan berbagai senyawa organik lainnya ditemukan pada hidrolisat hasil 

fermentasi. Taurin teridentifikasi pada seluruh jenis hidrolisat dan diketahui 

berperan dalam meningkatkan sekresi insulin, memperbaiki sensitivitas insulin, 

serta memiliki aktivitas antibakteri. Asam amino, terutama leusin dan isoleusin, 

berkontribusi terhadap regulasi metabolisme glukosa, sedangkan kreatin dan 

kreatinin berpotensi meningkatkan metabolisme glukosa sekaligus memberikan 

aktivitas antibakteri.  

Hasil penelitian ini memperkuat potensi pemanfaatan produk samping 

industri perikanan sebagai sumber senyawa bioaktif multifungsi yang bernilai 

tambah tinggi untuk pengembangan pangan fungsional dan nutraseutikal sekaligus 

mendukung konsep pemanfaatan sumber daya perikanan secara berkelanjutan dan 

minim limbah. Penelitian lanjutan diperlukan untuk melakukan validasi in vivo, 

mengevaluasi stabilitas dan bioavailabilitas peptida selama pencernaan, serta 

mengembangkan proses produksi dalam skala industri sehingga dapat mendukung 

komersialisasi hidrolisat protein bioaktif dari produk samping ikan tenggiri. 

 

Kata kunci: Fermentasi, Hidrolisat, In silico, In vitro, Peptida. 



SUMMARY 

ARIANDI. Bioactivity of Protein Hydrolysates from Mackerel (Scomberomorus 

commerson) By-Products Fermented by Pediococcus pentosaceus IL13. 

Supervised by ANJA MERYANDINI, DIMAS ANDRIANTO, dan APON 

ZAENAL MUSTOPA.  

 

Fish production and processing generate substantial quantities of by-products, 

including residual meat, skin, bones, heads, and viscera, accounting for 

approximately 50-60% of the total fish biomass. In addition, fish that fail to meet 

industrial quality control standards due to physical damage further contribute to the 

increasing volume of fisheries by-products. Most of these by-products remain 

underutilized or are discarded, potentially causing environmental pollution. 

Mackerel (Scomberomorus commerson) by-products represent an abundant source 

of proteins and collagen and therefore possess considerable potential for conversion 

into bioactive compounds through fermentation. Fermentation using lactic acid 

bacteria, particularly Pediococcus pentosaceus IL13, which exhibits strong 

proteolytic activity, can hydrolyze proteins into low molecular weight peptides with 

diverse biological activities. This approach not only enhances the value of fisheries 

by-products but also supports the implementation of zero-waste and circular 

economy principles, while promoting the development of sustainable functional 

foods and nutraceuticals.  

This study aimed to investigate the bioactivity of protein hydrolysates derived 

from mackerel (Scomberomorus commerson) by-products fermented using 

Pediococcus pentosaceus IL13 through integrated in vitro, in silico, peptidomics, 

and metabolomics approaches. Specifically, the study evaluated the proximate 

composition of mackerel by-products, the growth curve of P. pentosaceus IL13, 

and the biochemical characteristics of the resulting hydrolysates. The antioxidant, 

anti-inflammatory, alpha-glucosidase inhibition, and antibacterial activities of 

hydrolysates prepared from muscle, skin, and mixed muscle-skin tissues were 

assessed in both crude form and ultrafiltration fractions (<30 kDa, <10 kDa, and <3 

kDa). Furthermore, bioactive peptides were identified using liquid 

chromatography-high-resolution mass spectrometry (LC-HRMS), followed by in 

silico prediction of their biological activity, toxicity, allergenicity, antidiabetic 

potential, and antimicrobial properties. Molecular docking analysis was 

subsequently performed to evaluate peptide interactions with target proteins 

associated with inflammation and oxidative stress. In addition, untargeted 

metabolomics analysis was conducted to identify metabolites that may contribute 

to the biological activities of the fermented protein hydrolysates. 

The results demonstrated that fermentation using Pediococcus pentosaceus 

IL13 significantly enhanced the degree of protein hydrolysis, yielding low-

molecular-weight peptides with potent biological activities. Bioactivity assays 

revealed that the fermented hydrolysates exhibited strong antioxidant and anti-

inflammatory activities, particularly in the <3 kDa ultrafiltration fraction, which 

consistently demonstrated the highest activity compared to other fractions. Fish skin 

hydrolysates exhibited the highest antioxidant activity, as evidenced by superior 

free radical scavenging capacity, as well as the most potent anti-inflammatory 

activity through greater inhibition of protein denaturation compared to muscle and 



mixed hydrolysates (1:1). These findings suggest that low-molecular-weight 

collagen peptides generated from fermented fish skin represent the primary 

components contributing to both activities. Furthermore, the fermented 

hydrolysates also demonstrated potential alpha-glucosidase inhibition and 

antibacterial agents. The <3 kDa fraction exhibited the highest α-glucosidase 

inhibitory activity, whereas the muscle-skin mixed hydrolysate showed the greatest 

alpha-glucosidase inhibition with an IC₅₀ value of 34,692 mg/mL. In antibacterial 

assays, all hydrolysates inhibited the growth of both Gram-positive and Gram-

negative bacteria, with the most potent activity observed against Listeria 

monocytogenes. These findings confirm that fermentation combined with 

ultrafiltration effectively enriches low-molecular-weight bioactive peptides, which 

play pivotal roles in generating diverse and complementary biological activities. 

LC–HRMS-based peptidomic analysis following sample preparation through 

tryptic digestion successfully identified 211 peptide sequences, most of which were 

associated with the structural proteins collagen, myosin, and actin. Among these, 

17 and 35 representative peptides were selected for further bioinformatics analysis. 

Most of the identified peptides were predicted to be novel, non-toxic, and non-

allergenic. In silico analysis further revealed that several peptides possess high 

potential as antidiabetic and antimicrobial agents. The peptide 

SPAMPVPGPMGPMGPR exhibited the highest predicted antidiabetic potential, 

whereas AVFPSIVGRPR showed the most consistent antimicrobial activity across 

multiple prediction platforms. Molecular docking analysis identified 

TGPIGMPGAR as having the strongest binding affinity toward the Keap1 protein, 

suggesting its potential to modulate the Keap1-Nrf2 signaling pathway involved in 

cellular antioxidant defense. In addition, the peptide RLNFDAFLPMLK 

demonstrated a high binding affinity for TNF-α, indicating its potential to 

contribute to anti-inflammatory activity. In addition to peptides, untargeted 

metabolomics analysis using LC-HRMS identified a diverse range of bioactive 

metabolites that may contribute to the biological activities of the fermented 

hydrolysates. Several metabolites, including taurine, branched-chain amino acids, 

creatine, creatinine, glutamic acid, and various other organic compounds, were 

detected in the fermented hydrolysates. Taurine was identified in all hydrolysate 

types and is known to enhance insulin secretion, improve insulin sensitivity, and 

exhibit antibacterial activity. Leucine and isoleucine, contribute to glucose 

metabolism regulation, whereas creatine and creatinine have the potential to 

improve glucose metabolism while simultaneously exerting antibacterial effects. 

These findings indicate that the biological activities of the fermented hydrolysates 

arise not only from bioactive peptides but also from the synergistic interactions 

between peptides and metabolites generated during the fermentation process.  The 

findings of this study highlight the considerable potential of mackerel by-products 

as a sustainable source of multifunctional bioactive compounds with high added 

value for the development of functional foods, nutraceuticals, while supporting the 

implementation of sustainable and low-waste fisheries resource utilization. Future 

studies should focus on in vivo validation, evaluation of peptide stability and 

bioavailability during gastrointestinal digestion, and optimization of industrial-

scale production processes to facilitate the commercialization of bioactive protein 

hydrolysates derived from mackerel by-products. 

Keywords: Fermentation, Hydrolysate, In silico, In vitro, Peptide. 
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