Modulasi Ekspresi Gen Kekebalan dan Respons Stres Lele (Clarias sp.) dengan Penambahan
Nanopartikel

Alginat Pada Pakan

Rafi Sukma Aulia, Prof. Dr. Ir. Alim Isnansetyo, M.Sc ; Indah Istigomah, S.Pi., M.Si., Ph.D.

UNIVERSITAS ) . . . . . . .
GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

DAFTAR PUSTAKA

Abka-Khajouei, R., L. Tounsi, N. Shahabi, A. K. Patel, S. Abdelkafi, dan P. Michaud.
2022. Structures, properties and applications of alginates. Marine Drugs 20(6).

Al-Wakeel, A. H., S. Elbahnaswy, E. A. Eldessouki, E. Risha, dan E. Zahran. 2024.
Dietary biogenic selenium nanoparticles improve growth and immune-
antioxidant indices without inducing inflammatory responses in Nile tilapia.
Scientific Reports 14: 21990.

Aditama, T. 2022. Peningkatan Respon Kekebalan Non Spesifik dan Ekspresi Gen
Kekebalan Kakap Putih (Lates calcarifer) yang Diberi Alginat dan Multivitamin
secara Oral. Fakultas Pertanian. Universitas Gadjah Mada. Tesis.

Alesci, A., A. Fumia, A. Miller, C. Calabro, A. Santini, N. Cicero, dan P. Lo Cascio.
2023. Spirulina promotes macrophages aggregation in zebrafish (Danio rerio)
liver. Natural Product Research 37(5): 743-749.

American Veterinary Medical association. 2020. AVMA Guidelines for the Euthanasia
of Animals: 2020 edition. AVMA. Schaumburg.

Anggadiredja, J. T., A. Zatnika, H. Purwato, dan S. Istini. 2008. Rumput Laut,
Pembudidayaan, Pengolahan dan Pemasaran Komoditas Perikanan Potensial.
Penebar Swadaya. Jakarta.

Aulia, R. S., A. Isnansetyo, I. Istigomah, D. Christiano, P. S. Maharani, S. F.
Wahyuningtias, A. R. Martisa, dan R. Hidayatulbaroroh. 2026. Dietary alginate
nanoparticle modulate non-spesific immune, stress responses, and resistant
against Aeromonas hydrophila infection of catfish (Clarias sp.). Submitted.

Barton, B. A. 2002. Stress in fishes: A diversity of responses with particular reference
to changes in circulating corticosteroids. Integrative and Comparative Biology
42(3): 517-525.

Babmann, B., H. Harbach, S. WeiRbach, dan H. W. Palm. 2020. Effect of plant density
in coupled aquaponics on the welfare status of African catfish, Clarias
gariepinus. Journal of the World Aquaculture Society 51(2): 183-199.

Babmann, B., L. Hahn, A. Rebl, L. C. Wenzel, M. C. Hildebrand, M. Verleih, dan H.
W. Palm. 2023. Effects of stocking density, size, and external stress on growth
and welfare of African catfish (Clarias gariepinus) in a commercial RAS. Fishes
8. 74.

Biller-Takahashi, J. D., dan Urbinati, E. C. 2014. Fish immunology: The modification
and manipulation of the innate immune system: Brazilian studies. Anais da
Academia Brasileira de Ciéncias 86(3) :1483-1495.

Bilzer, M., F. Roggel, dan A. L. Gerbes. 2006. Role of Kupffer cells in host defense
and liver disease. Liver International 26(10): 1175-1186.

Boerrigter, J. G. J., R. van den Bos, H. van de Vis, T. Spanings, dan G. Flik. 2015.
Effects of density, PVC-tubes and feeding time on growth, stress and

72



Modulasi Ekspresi Gen Kekebalan dan Respons Stres Lele (Clarias sp.) dengan Penambahan
Nanopartikel
Alginat Pada Pakan

Rafi Sukma Aulia, Prof. Dr. Ir. Alim Isnansetyo, M.Sc ; Indah Istigomah, S.Pi., M.Si., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

aggression in African catfish (Clarias gariepinus). Aquaculture Research 46: 1-
16.

Bustin, S. A., V. Benes, J. A. Garson, J. Hellemans, J. Huggett, M. Kubista, R. Mueller,
T. Nolan, M. W. Plaffi, G. L. Shipley, J. Vandesompele, dan C. T. Wittwer . 2009.
The MIQE guidelines: Minimum information for publication of quantitative real-
time PCR experiments. Clinical Chemistry 55(4): 611-622.

Cai, Z., W. Li, K. Mai, W. Xu, Y. Zhang, dan A. Qinghui. 2015. Effects of dietary size-
fractionated fish hydrolysates on growth, activities of digestive enzymes and
aminotransferases and expression of some protein metabolism related genes
in large yellow croaker (Larimichthys crocea) larvae. Aquaculture 440: 40-47.

Castro, R., J. Zou, C. J. Secombes, dan S. A. M. Martin. 2011. Cortisol modulates the
induction of inflammatory gene expression in a rainbow trout macrophage cell
line. Fish & Shellfish Immunology 30(1): 215-223.

Carrizo, V., C. A. Valenzuela, R. Zuloaga, C. Aros, C. Altamirano, J. A. Valdés, dan
A. Molina. 2021. Effect of cortisol on the immune-like response of rainbow trout
(Oncorhynchus mykiss) myotubes challenged with Piscirickettsia salmonis.
Veterinary Immunology and Immunopathology 237: 110240.

Cavalier-Smith, T. dan Chao, E. E. 2006. Phylogeny and megasystematics of
phagotrophic heterokonts (Kingdom Chromista). Journal of Moleculer Evolution
62: 388-420.

Chang, C. F., M. S. Su, H. Y. Chen, dan I. C. Liao. 2003. Dietary [3-1,3-glucan
effectively improves immunity and survival of Panaeus monodon challenged
with white spot syndrome virus. Fish Shellfish Immunology 15: 297-310.

Chen, G. L., H. Y. Cai, J. P. Chen, R. Li, S.Y. Zhong, X. J. Jia, X.F. Liu, dan B.B.
Song. 2022. Chitosan/alginate nanoparticles for the enhanced oral
antithrombotic activity of clam heparinoid from the clam Coelomactra Antiquata.
Marine Drugs 20(2): 136.

Cheng, W., dan Yu, J. S. 2013. Effects of the dietary administration of sodium alginate
on the immune responses and disease resistance of Taiwan abalone, Haliotis
diversicolor supertexta. Fish & Shellfish Immunology 34(3): 902-908.

Cheng, K., Q. Tang, Y. Huang, X. Liu, N. A. Karrow, dan C. Wang. 2020. Effect of
vitamin D3 on the immunomodulation of head kidney after Edwardsiella ictaluri
challenge in yellow catfish (Pelteobagrus fulvidraco). Fish & Shellfish
Immunology 99: 353-361.

Chowdhury, S., dan Saikia, S. K. 2020. Oxidative stress in fish: A review. Journal of
Scientific Research 12(1): 145-160.

Conte, F. S. 2004. Stress and the welfare of cultured fish. Applied Animal Behaviour
Science 86: 205-223.

Das, S., A. Mohapatra, dan P. K. Sahoo. 2014. Expression analysis of heat shock
protein genes during Aeromonas hydrophila infection in rohu, Labeo rohita, with

73



UNIVERSITAS
GADJAH MADA

Modulasi Ekspresi Gen Kekebalan dan Respons Stres Lele (Clarias sp.) dengan Penambahan
Nanopartikel

Alginat Pada Pakan

Rafi Sukma Aulia, Prof. Dr. Ir. Alim Isnansetyo, M.Sc ; Indah Istigomah, S.Pi., M.Si., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

special reference to molecular characterization of Grp78. Cell Stress and
Chaperones 20(1): 73-84.

Donati, | dan Paoletti, S. 2009. Material Properties of Alginates. In: B.H.A. Rehm.
Alginates: Biology and Applications. Springer. New York.

Dube, F. 2024. Nanoparticle-enhanced fish feed: Benefits and challenges. Fishes 9
(322): 1-21.

Dymond, J. S. 2013. Explanatory chapter: Quantitative PCR. In R. L. Burgess & M.
P. Deutscher (Eds.), Elsevier. Methods in Enzymology 529: 279-289.

Ealias, A. M., dan Saravanakumar, M. P. 2017. A review on the classification,
characterisation, synthesis of nanoparticles and their application. IOP
Conference Series: Materials Science and Engineering 263(3): 1-16.

El-Basuini, M. F., A. M. El-Hais, M. A. O. Dawood, A. E. S. Abou-Zeid, S. Z. EL-
Damrawy, M. M. E. S. Khalafalla, S. Koshio, M. Ishikawa, dan S. Dossou. 2016.
Effect of different levels of dietary copper nanoparticles and copper sulphate on
growth performance, blood biochemical profiles, antioxidant status and immune
response of Red Sea bream (Pagrus major). Aquaculture 458: 1-8.

El-Basuini, M. F., A. M. El-Hais, M. A. O. Dawood, A. E. S. Abdou-Zeid, S. Z. El-
Damrawy, M. M. E. S. Khalafalla, S. Koshio, M. Ishikawa, dan S. Dossou. 2016.
Effects of dietary copper nanoparticles and vitamin C supplementations on
growth performance, immune response and stress resistance of red sea bream,
Pagrus major. Aquaculture Nutrition 1-12.

Elabd, Hiam, H. H. Mahboub, H. S. Hamed, A. A. Abdelwarith, E. M. Younis, S. Kamel,
A. Ramah, S. H. Orabi, S. M. Shawky, S. J. Davies, dan Z. Hassan. 2025.
Dietary deacetylated chitin nanoparticles confer protection against diazinon
toxicity in male African catfish: Evaluation of immune-biochemical, antioxidant,
and reproductive profiles. Fish Physiology and Biochemistry 51: 32.

Elbahnaswy, S., Elshopakey, G. E., Abdelwarith, A. A., Younis, E. M., Davies, S. J.,
& El-Son, M. A. M. 2024. Immune protective, stress indicators, antioxidant,
histopathological status, and heat shock protein gene expression impacts of
dietary Bacillus spp. against heat shock in Nile tilapia, Oreochromis niloticus.
BMC Veterinary Research. 20(469).

Elnagar, M. A., R. H. Khalil, S. S. Talaat, dan A. H. Sherif. 2024. A blend of chitosan-
vitamin C and vitamin E nanoparticles robust the immunosuppressed status in
Nile tilapia treated with salt. BMC Veterinary Research 20: (331).

Ferri, S., dan Sesso, A. 1981. Ultrastructural study of Kupffer cells in teleost liver
under normal and experimental conditions. Cell and Tissue Research 220: 387—
391.

Fierro-Castro, C., L. Barrioluengo, P. Lopez-Fierro, B. E. Razquin, dan A. J. Villena.
2013. Fish cell cultures as in vitro models of inflammatory responses elicited by
immunostimulants: Expression of regulatory genes of the innate immune
response. Fish & Shellfish Immunology 35(3): 979-987.

74



UNIVERSITAS
GADJAH MADA

Modulasi Ekspresi Gen Kekebalan dan Respons Stres Lele (Clarias sp.) dengan Penambahan
Nanopartikel

Alginat Pada Pakan

Rafi Sukma Aulia, Prof. Dr. Ir. Alim Isnansetyo, M.Sc ; Indah Istigomah, S.Pi., M.Si., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Food and Agriculture Organization of the United States. 2020. Species fact sheets.
Fisheries and Aquaculture Department.

Forlenza, M., T. Kaiser, H. F. J. Savelkoul, dan G. F. Wiegertjes. 2012. The use of
real-time quantitative PCR for the analysis of cytokine mRNA levels. Cytokine
Protocols. Methods in Molecular Biology 820: 7-21.

Gao, N., J. Zhang, U. K. Shandilya, J. S. Lumsden, A. B. Barzrgar, D. Huyben, dan
N. A. Karrow. 2024. Hepatic gene expression changes of zebrafish fed yeast
prebiotic, yeast probiotic, black soldier fly meal, and butyrate. Fishes 9(12): 495.

Gazali, M., |. Effendi, A. Husni, N. Nurjanah, S. Wahyuni, dan R. Kurniawan. 2024.
Sargassum sp. extract improve hematological profile of tilapia fish (Oreochromis
niloticus). F1000 Research 1-19.

Gantner, B. N., R. M. Simmons, S. J. Canavera, S. Akira, dan D. M. Underhill. 2003.
Collaborative induction of inflammatory responses by Dectin-1 and Toll-like
receptor 2. The Journal of Experimental Medicine 197(9): 1107-1117.

Geven, E. J. W., dan Klaren, P. H. M. 2017. The teleost head kidney: Integrating
thyroid and immune signalling. Developmental & Comparative Immunology 66:
73-83.

Gioacchini, G., E. Giorgini, I. Olivotto, F. Maradonna, D. L. Merrifield, dan O.
Carnevali. 2014. The influence of probiotics on zebrafish (Danio rerio) innate
immunity and hepatic stress. Zebrafish 11(2): 98-106.

Groenwald, A. A. V. J. 1963. Observations on the food habits of Clarias gariepenus
Burchell, the South African freshwater Barbel (Pisces: Clariidae) in Transvaal.
National Zoological Gardens, Pretoria 287-288.

Goetz, F. W., J. V. Planas, dan S. MacKenzie. 2004. Tumor necrosis factors.
Developmental and Comparative Immunology 28(4): 487-497.

Hamel, K., C. Garcia-Quijano, D. Jin, dan T. Dalton. 2024. Perceived Sargassum
event incidence, impacts, and management response in the Caribbean Basin.
Marine Policy 165: 106214.

Harikrishnan, R., M. C. Kima, J. S. Kima, Y. J. Hana, |. S. Janga, C. Balasundaramb,
dan M. S. Heoa. 2011. Immunomodulatory effect of sodium alginate enriched
diet in kelp grouper Epinephelus brneus against Streptococcus iniae. Fish &
Shells Immunology 30: 543-549.

Hasan, S. 2015. A review on nanoparticles: their synthesis and types. Research
Journal of Recent Sciences 4: 1-3.

Hegde, S., G. Kumar, C. Engle, J. Avery, S. Aarattuthodi, J. Johnson, dan J. van
Senten. 2022. Production economic relationships in intensive U.S. catfish
production systems. Aquaculture Economics & Management 26(3): 314-331.

Hermawan, V. B., I. R. Eka, dan H. Hestiadi. 2014. Teknik pembiusan menggunakan

suhu rendah pada sistem kering terhadap ikan tengadak (Barbonemus
schwanenfeldii). Jurnal Ruaya 2: 39-43.

75



Modulasi Ekspresi Gen Kekebalan dan Respons Stres Lele (Clarias sp.) dengan Penambahan
Nanopartikel

Alginat Pada Pakan

Rafi Sukma Aulia, Prof. Dr. Ir. Alim Isnansetyo, M.Sc ; Indah Istigomah, S.Pi., M.Si., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Hidayatulbaroroh, R., A. Isnansetyo, Triyanto, A. P. Pertiwi, dan M. R. Fahlefi. 2025.
Effects of alginate nanoparticles supplementation derived from Sargassum
polycystum C. Agardh on Non-specific immune response and gene expression
in red tilapia (Oreochromis sp.). Submitted.

Hossam-Elden, N., N. M. Abu-Elala, H. O. AbuBakr, Z. Luo, S. H. Aljuaydi, M. Khattab,
S. E. Ali, M. S. Marzouk, dan I. I. Teiba. 2024. Dietary chitosan nanoparticles
enhance growth, antioxidant defenses, immunity, and Aeromonas veronii biovar
sobria resistance in nile tilapia (Oreochromis niloticus). Fishes 9(10): 388.

Ibrahim, D., M. M. I. A. Rahman, A. M. A. EI-Ghany, E. A. A. Hassanen, O. A. Al-Jabr,
R. A. A. EI-Wahab, S. Zayed, M. A. E. K. Salem, S. N. EI-Tahawy, W. Youssef,
H. A. Tolba, R. E. Dawod, R. Taha, A. H. Arisha, dan A. T. Y. Kishawy, 2024.
Chlorella vulgaris extract conjugated magnetic iron nanopatrticles in nile tilapia
(Oreochromis niloticus): Growth promoting, immunostimulant and antioxidant
role and combating against the synergistic infection with Ichthyophthirius
multifiliis and Aeromonas hydrophila. Fish & Shellfish Immunology 145: 109352.

Isnansetyo, A., H. M. Irpani, T. A. Wulansari.,, dan N. Khasanah. 2014. Oral
administration of alginate from a tropical brown seaweed, Sargassum sp. to
enhance non-spesific defense in walking Catfish (Clarias sp.). Aquacultura
Indonesiana 15(1): 14-20.

Ji, J., D. Torrealba, A. Ruyra, dan N. Roher. 2015. Nanodelivery systems as new tools
for immunostimulant or vaccine administration: Targeting the fish immune
system. Biology 4(4): 664-696.

Jiang, S., Y. Lei, T. Wang, R. Ma, C. Hou, dan Q. Liu. 2024. Transcriptome analysis
revealed potential immune-related genes of head kidney in the yellow catfish
(Pelteobagrus fulvidraco) challenged with Aeromonas hydrophila. Fishes 9(3):
100.

Joudeh, N., dan Linke, D. 2022. Nanoparticle classification, physicochemical
properties, characterization, and applications: a comprehensive review
for biologists. Journal of Nanobiotechnology 20 (262): 1-29.

Kementerian Hukum dan HAM. 2023. Pangkalan Data Kekayaan Intelektual.
https://pdki-indonesia.dgip.go.id/. Diakses pada 10 Juni 2025.

Khan, I., K. Saeed, dan |. Khan. 2019. Nanopatrticles: Properties, applications and
toxicities. Arabian Journal of Chemistry 12(7): 908-931.

Knudsen, N. R., M. T. Ale, F. Ajalloueian, dan A. S. Meyer. 2017. Characterization of
alginates from Ghanaian brown seaweeds: Sargassum spp. and Padina spp.
Food Hydrocolloids 71: 236-244.

Kok, J. M. L., dan Wong, C. L. 2018. Physicochemical properties of edible alginate
film from Malaysian Sargassum polycystum C. Agardh. Sustainable Chemistry
and Pharmacy 9: 87-94.

Korni, F. M. M., F. |. A. El-Ela, U. K. Moawad, R. K. Mahmoud, dan Y. M. Gadelhak.
2021. Prevention of Edwardsiellosis in Clarias gariepinus using ginger and its

76



Modulasi Ekspresi Gen Kekebalan dan Respons Stres Lele (Clarias sp.) dengan Penambahan
Nanopartikel

Alginat Pada Pakan

Rafi Sukma Aulia, Prof. Dr. Ir. Alim Isnansetyo, M.Sc ; Indah Istigomah, S.Pi., M.Si., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

nanoparticles with a reference to histopathological alterations. Aquaculture 539:
1-12.

Kordon, A. O., L. Pinchuk, dan A. Karsi. 2022. Adaptive immune system in fish.
Turkish Journal of Fisheries and Aquatic Sciences 22(4).

Kumar, G. 2017. Economics of intensively aerated Catfish ponds. Journal of The
World Aquaculture Society 48(2): 320-332.

Kumar, N., D. K. Singh, N. K. Chandan, S. T. Thorat, P. B. Patole, A. Gite, dan K. S.
Reddy. 2023. Nano-zinc enhances gene regulation of non-specific immunity
and antioxidative status to mitigate multiple stresses in fish. Scientific Reports
13: 5015.

Kumari, J. dan Sahoo, P. K. 2005. Effects of cyclophosphamide on the immune
system and disease resistance of Asian catfish Clarias batrachus. Fish &
Shelfish Immunology 19: 307-316.

Kuswoyo, T., A. Isnansetyo, M. Murwantoko, A. Husni, dan I. Istigomah. 2023.
Sodium alginate from Padina australis Modulates innate immune and immune
gene expression in red tilapia (Oreochromis sp.). Jurnal limiah Perikanan dan
Kelautan 15(1): 1.

Kementerian Kelautan dan Perikanan. 2024. Rilis Data Kelautan dan Perikanan
Triwukan IV Tahun 2024. Pusat Data, Statistik dan Informasi. Jakarta.

Nwanna, L. C., dan Ikuesan, B. B. 2024. Aloe vera leaf (Aloe barbadensis) iron-oxide
nanoparticles improved growth performance, immune response and survival of
African sharptooth catfish (Clarias gariepinus) challenged with Aeromonas
hydrophilia. Journal of Applied Aquaculture 1-18.

Lee, P. P,, Y. H. Lin, M. C. Chen, dan W. Cheng. 2017. Dietary administration of
sodium alginate ameliorated stress and promoted immune resistance of grouper
Epinephelus coioides under cold stress. Fish & Shellfish Immunology 65: 127—
135.

Li, N, L. Bao, T. Zhou, Z. Yuan, S. Liu, R. Dunham, Y. Li, K. Wang, X. Xu, Y. Jin, Q.
Zeng, S. Gao, Q. Fu, Y. Liu, Y. Yang, Q. Li, A. Meyer, D. Gao, dan Z. Liu. 2018.
Genome sequence of walking catfish (Clarias batrachus) provides insights into
terrestrial adaptation. BMC Genomics 19: 1-16.

Liu, C. H., S. P. Yeh, C. M. Kuo, W. Cheng, dan C. H. Chou. 2006. The effect of
sodium alginate on the immune response of tiger shrimp via dietary
administration: Activity and gene transcription. Fish & Shellfish Immunology
21(4): 442-452.

Livak, K. J., dan Schmittgen, T. D. 2001. Analysis of relative gene expression data
using real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods
(San Diego, Calif.) 25(4): 402-408.

Magnadottir, B. 2006. Innate immunity of fish (Overview). Fish & Shelfish Immunology
20: 137-151.

77



Modulasi Ekspresi Gen Kekebalan dan Respons Stres Lele (Clarias sp.) dengan Penambahan
Nanopartikel
Alginat Pada Pakan

Rafi Sukma Aulia, Prof. Dr. Ir. Alim Isnansetyo, M.Sc ; Indah Istigomah, S.Pi., M.Si., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Magsood, S., P. Singh, M. H. Samoon, dan K. Munir. 2011. Emerging role of
immunostimulants in combating the disease outbreak in
aquaculture. International Aquatic Research 3(3): 147.163.

Martinez, F. M. L., L. M. Torres, D. S. Castro, F. C. Leon, C. H. Plancarte, dan P. F.
D. J. C. Barrita, 2025. Sodium alginate from Playa del carmen Sargassum:
extraction, characterization, and rheological analysis of solutions and
hydrogels. International Journal of Biological Macromolecules 317(1): 144803.

Mehana, E. E., A. H. Rahmani, dan S. M. Aly. 2015. Immunostimulants and fish
culture: An overview. Annual Research & Review in Biology 5(6): 477-489.

Mehrabi, Z., F. Firouzbakhsh, G. Rahimi-Mianji, dan H. Paknejad. 2019.
Immunostimulatory effect of Aloe vera (Aloe barbadensis) on non-specific
immune response, immune gene expression, and experimental challenge with
Saprolegnia parasitica in rainbow trout (Oncorhynchus mykiss). Aquaculture
503: 330-338.

Moges, F. D., H. Hamdi, A. Al-Barty, A. A. Zaid, M. Sundaray, S. K. S. Parashar, A.
G. Gubale, dan B. Das. 2022. Effects of selenium nanoparticle on the growth
performance and nutritional quality in nile tilapia, Oreochromis niloticus. PLoS
ONE 17(6).

Mokhtar, D. M., dan Abdelhafez, E. A. 2021. An overview of the structural and
functional aspects of immune cells in Teleosts. Histology and Histopathology
36(4): 399-414.

Moller, A. M., T. Korytar, B. Kollner, H. Schmidt-Posthaus, dan H. Segner. 2014. The
teleostean liver as an immunological organ: Intrahepatic immune cells (IHICs)
in healthy and benzo[a]pyrene challenged rainbow trout (Oncorhynchus
mykiss). Developmental & Comparative Immunology 46(2): 518-529.

Moussa. 1956. Morphology of the accessory air-breathing organs of the teleost
Clarias lazera (C&V). J. Morph. 98: 125-160.

Nawi, M. F., dan Said, M. Z. 2016. Major components of fish immunity. Journal
Tropical Agricultural Science 39(4): 393-420.

Nanocomposix. 2012. Zeta Potential Analysis of Nanoparticles.
https://www.researchgate.net/
nanoComposix+Guidelines+for+Zeta+Potential+Analysis+of+Nanoparticles.pd
f . Diakses pada tanggal 10 Maret 2025.

Nandhakumar, K., R. Guha, S. Lakshmi, dam P. Elumalai. 2025. Immunogenicity and
protective efficacy of chitosan/B-glucan nanoparticle encapsulated inactivated
Streptococcus agalactiae oral vaccine for nile tilapia (Oreochromis niloticus).
Comparative Immunology Reports 1-12.

Press, C. M. L., dan Evensen, @. 1999. The morphology of the immune system in
teleost fishes. Fish & Shellfish Immunology 9(4): 309-318.

Popoola, O. M., B. K. Behera, dan V. Kumar. 2023. Dietary silver nanoparticles as
immunostimulant on rohu (Labeo rohita): Effects on growth, cellular

78



Modulasi Ekspresi Gen Kekebalan dan Respons Stres Lele (Clarias sp.) dengan Penambahan
Nanopartikel

Alginat Pada Pakan

Rafi Sukma Aulia, Prof. Dr. Ir. Alim Isnansetyo, M.Sc ; Indah Istigomah, S.Pi., M.Si., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

ultrastructure, immune-gene expression, and survival against Aeromonas
hydrophila. Fish and Shellfish Immunology Reports 4: 100080.

Rahman, A. N. A., A. A. Abdelwahab, E. M. Younis, N. R. Rhouma, H. T. Zaki, S. S.
Khalil, M. M. El-Saber, S. J. Davies, A. EI-Murr, dan R. E. Ibrahim. 2023. The
alleviative effects of green synthesized copper oxide nanoparticles against
oxidative stress, hepato-renal alterations, and immune suppression induced by
Staphylococcus aureus infection in Clarias gariepinus. Aquaculture Reports 32.

Rahelivao, M. P., H. Andriamanantoanina, A. Heyraud, dan M. Rinaudo. 2013.
Structure and properties of three alginates from Madagascar seacoast algae.
Food Hydrocolloids 32(1): 143-146.

Ramzi, T. A. 2020. Keragaman Genetik Sargassum spp. yang Ditemukan di Pantai
Sepanjang dan Pantai Sundak Kabupaten Gunungkidul. Fakultas Pertanian.
Universitas Gadjah Mada. Skripsi.

Rajasekaran, J. dan Viswanathan, P. 2023. Anti-bacterial and antibiofilm properties
of seaweed polysaccharide-based nanoparticles. Aquaculture International 31.:
2799-2823.

Rajeshkumar, S., C. Venkatesan, M. Sarathi, V. Sarathbabu, J. Thomas, K. A. Basha,
dan A. S. Hameed. 2009. Oral delivery of DNA construct using chitosan
nanoparticles to protect the shrimp from white spot syndrome virus (WSSV).
Fish & Shellfish Immunology 26(3): 429-437.

Rehm, B. H. A. 2009. Alginates: Biology and Applications. Springer. Germany.

Rebl, A., T. Goldammer, dan H. M. Seyfert. 2010. Toll-like receptor signaling in bony
fish. Veterinary Immunology and Immunopathology 134(1-2): 139-150.

Reis, I. C., C. Fierro-Castro, G. S. Gongalves, B. S. Moromizato, L. Tort, dan J. D.
Biller. 2021. B-glucan mimics tissue damage signaling and generates a trade-
off between head kidney and spleen to activate acquired immunity in vaccinated
tilapia (Oreochromis niloticus). Fish & Shellfish Immunology 117: 179-187.

Roberts, R. J. 2012. Fish Pathology 4™ Edition. Wiley-Blackwell. United Kingdom.

Rodriguez, A., J. Velazquez, L. Gonzalez, T. Rodriguez-Ramos, B. Dixon, F. H.
Miyares, A. Morales, O. Gonzalez, M. P. Estrada, dan Y. Carpio. 2021. PACAP
modulates the transcription of TLR-1/TLR-5/MyD88 pathway genes and boosts
antimicrobial defenses in Clarias gariepinus. Fish & Shellfish Immunology 115:
150-159.

Rustadi. 2018. Manajemen Akuakultur Tawar. Gadjah Mada University Press,
Yogyakarta.

Ruyra, A., M. Cano-Sarabia, S. A. MacKenzie, D. Maspoch, dan N. Roher. 2013. A
novel liposome-based nanocarrier loaded with an LPS-dsRNA cocktail for fish
innate immune system stimulation. PLoS ONE 8(10).

Schreck, C. B., dan Tort, L. 2016. The concept of stress in fish: In Biology of stress in
fish (Fish Physiology, 35: 1-34). Academic Press.

79



Modulasi Ekspresi Gen Kekebalan dan Respons Stres Lele (Clarias sp.) dengan Penambahan
Nanopartikel

Alginat Pada Pakan

Rafi Sukma Aulia, Prof. Dr. Ir. Alim Isnansetyo, M.Sc ; Indah Istigomah, S.Pi., M.Si., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Saloso, Y. 2019. Nutrient and alginate content of macroalgae Sargassum sp. from
Kupang Bay waters, East Nusa Tenggara, Indonesia. Bioflux 12(6): 2130-2137.

Saleh, E. N., M. M. Toutou, A. A. Soliman, M. I. E. Barbary, dan M. A. Tawwab. 2025.
Effects of dietary sodium alginate on growth, immune, antioxidant biomarkers,
histological structure, and hyperthermia stress tolerance of thin-lip grey mullet
(Liza ramada) fingerlings. Animal Feed Science and Technology 327: 116433.

Saraswati, M. T. 2022. ldentifikasi Sargassum spp. dari Pantai Trenggole dan
Wediombo Kabupaten Gunungkidul secara Morfologi dan DNA Barcoding
Menggunakan ITS-2 rRNA. Fakultas Pertanian. Universitas Gadjah Mada.
Skripsi.

Sapsford, K. E., K. M. Tyner, B. J. Dair, J. R. Deschamps, dan |. L. Medintz. 2011.
Analyzing nanomaterial bioconjugates: A review of current and emerging
purification and characterization techniques. Analytical Chemistry 83(12): 4453
4488.

Selvaraj, V., K. Sampat, dan V. Sekar. 2005. Administration of yeast glucan enhances
survival and some non-specific and specific immune parameters in carp
(Cyprinus carpio) infected with Aeromonas hydrophila. Fish Shellfish Immunol
19: 293-306.

Secombes, C. J., T. Wang, dan S. Bird. 2011. The interleukins of fish. Developmental
and Comparative Immunology 35(12): 1336-1345.

Sepulcre, M. P., F. Alcaraz-Pérez, A. Lopez-Mufioz, F. J. Roca, J. Meseguer, M. L.
Cayuela, dan V. Mulero. 2009. Evolution of lipopolysaccharide (LPS)
recognition and signaling: fish TLR4 does not recognize LPS and negatively
regulates NF-kB activation. The Journal of Immunology 182: 1836—1845.

Shah, B. R. dan Mraz, J. 2020. Advances in nanotechnology for sustainable
aquaculture and fisheries. Reviews in Aquaculture 12: 925-942.

Silberfeld, T., F. Rousseau, dan B. de Reviers. 2014. An updated classification of
brown algae (Ochrophyta, Phaeophyceae). Cryptogamie Algologie 35: 117-
156.

Smith, H. A., S. E. Fulton, I. M. McLeod, C. A. Page, dan D. G. Bourne. 2023. Sea-
weeding: Manual removal of macroalgae facilitates rapid coral recovery. Journal
of Applied Ecology 60(11): 2459-2471.

Suresh, G., S. T. Gopakumar, K. S. R. Sharma, A. P. Gop, V. S. Govind, A. V. Nair,
A. Jagannivasan, G. J. Chakkalakkal, S. K. Santhoshkumar, dan G.
Achamveetil. 2025. Unravelling the hsp70 gene in snubnose pompano
(Trachinotus blochii): Insights into stress response mechanisms. Fish
Physiology and Biochemistry 51: 167-188.

Suwarno, Y. F., Sarjito, dan S. B. Prayitno. 2014. Sensitivitas bakteri yang berasosiasi
dengan penyakit lele dumbo (Clarias gariepinus) terhadap berbagai macam
obat ikan yang beredar di Kabupaten Pati. Journal of Aquaculture and
Technology 3(4): 134-141.

80



Modulasi Ekspresi Gen Kekebalan dan Respons Stres Lele (Clarias sp.) dengan Penambahan
Nanopartikel

Alginat Pada Pakan

Rafi Sukma Aulia, Prof. Dr. Ir. Alim Isnansetyo, M.Sc ; Indah Istigomah, S.Pi., M.Si., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Tanekhy, M., S. Matsuda, T. Itano, H. Kawakami, T. Kono, dan M. Sakai. 2010.
Expression of cytokine genes in head kidney and spleen cells of Japanese
flounder (Paralichthys olivaceus) infected with Nocardia seriolae. Veterinary
Immunology and Immunopathology 134(3-4): 178-183.

Teugels. 1986. A systematic revision of the African species of the genus Clarias
(Pisces;Clariidae). Annales Musee Royal de I'Afrique Centrale. Sci. Zool. 247 :
199.

Tort, L. 2011. Stress and immune modulation in fish. Developmental and Comparative
Immunology 35(11): 1366-1375.

Tsoulia, T., A. Y. M. Sundaram, M. M. Amundsen, M. J. Aardal, M. S. Mira, F. B.
Ploss, R. Faller, I. Jensen, M. C. Gjessing, C. Brauner, dan M. K. Dahle. 2025.
Effects of glucocorticoid receptor activation on gene expression and antiviral
responses in Atlantic salmon (Salmo salar L.) red blood cells. Veterinary
Research 56: 188.

Vidal, E. V., F. R. Lopez, M. Teles. Dan S. MacKenzie. 2016. The response of fish to
immunostimulant diets. Fish & Shells Immunology 56: 34-69.

Wardle, E. N. 1987. Kupffer cells and their function. Liver. 7(2) : 63-75.

Wangkahart, E., C. J. Secombes, dan T. Wang. 2019. Studies on the use of flagellin
as an immunostimulant and vaccine adjuvant in fish aquaculture. Frontiers in
Immunology 9: 3054.

Wendelaar, B. S. E. 1997. The stress response in fish. Physiological Reviews 77(3):
591-625.

Wise, A. L., B. R. LaFrentz, A. M. Kelly, L. H. Khoo, T. Xu, M. R. Liles, dan T. J. Bruce.
2021. A review of bacterial co-infections in farmed catfish. Components,
diagnostics, and treatment directions. Animals 11(11): 3240.

Windriani, U. 2017. Budidaya Lele Sistem Bioflok. Direktorat Produksi dan Usaha
Budidaya. Jakarta.

Xing, H., S. Li, X. Wang, X. Gao, S. Xu, X. Wang, dan S. Xu. 2013. Effects of atrazine
and chlorpyrifos on the mRNA levels of HSP70 and HSC70 in the liver, brain,
kidney and gill of common carp (Cyprinus carpio L.). Chemosphere 90(3): 910-
916.

Yangthong, M., N. H. Towatana, J. Thawonsuwan, W. Phromkunthong. 2016. An
agueous extract from Sargassum sp. enhances the immune response and
resistance against Streptococcus iniae in the Asian sea bass (Lates calcarifer
Bloch). Journal Applied Phycology 28: 3587-3598.

Yuan, M., Q. Fang, W. Lu, X. Wang, T. Hao, C. M. Chong, dan S. Chen. 2025. Stress
in fish: Neuroendocrine and neurotransmitter responses. Fishes 10(7): 307.

Yudiati, E., A. Isnansetyo, Murwantoko, Ayuningtyas, Triyanto, dan C. R. Handayani.
2016. Innate immune-stimulating and immune genes up-regulating activities of

81



Modulasi Ekspresi Gen Kekebalan dan Respons Stres Lele (Clarias sp.) dengan Penambahan
Nanopartikel
Alginat Pada Pakan

Rafi Sukma Aulia, Prof. Dr. Ir. Alim Isnansetyo, M.Sc ; Indah Istigomah, S.Pi., M.Si., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

three types of alginate from Sargassum siliquosum in Pacific white shrimp
Litopenaeus vannamei. Fish & Shellfish Immunology 54: 46-53.

Yudiati, E., A. Isnansetyo, Murwantoko, Triyanto, dan C. R. Handayani. 2019.
Alginate from Sargassum siliguosum simultaneously stimulates innate
immunity, upregulates immune genes, and enhances resistance of Pacific white
shrimp (Litopenaeus vannamei) against white spot syndrome virus (WSSV).
Marine Biotechnology 21: 503-514.

Zahran, E., S. Elbahnaswy, A. I. A. Mansour, E. Risha, A. Mustafa, A. S. Algahtani,
M. G. El Sebaei, dan F. Ahmed, F. 2024. Dietary algal-sourced zinc
nanoparticles promote growth performance, intestinal integrity, and immune
response of nile tilapia (Oreochromis niloticus). BMC Veterinary Research 20
:(276).

Zapata, A. G. 2024. The fish spleen. Fish & Shellfish Immunology. 144. 109280.

Zemheri-Navruz, F., U. Acar, dan S. Yilmaz. 2019. Dietary supplementation of olive
leaf extract increases haematological, serum biochemical parameters and
immune related genes expression level in common carp (Cyprinus carpio)
juveniles. Fish and Shellfish Immunology 89: 672-676.

Zhao, X., Y. Liu, W. Wang, Y. Chang, T. Hu, K. Ma, dan W. Mu. 2026. Effects of
photoperiods on hypothalamic-pituitary-interrenal (HPI) axis and immune
responses in high latitude fish Phoxinus lagowskii. Aquaculture 612: 743268.

Zou, J., dan Secombes, C. J. 2016. The function of fish cytokines. Biology 5(2): 23.

82



