Karakterisasi dan Aktivitas Imunomodulator Eksopolisakarida Lacticaseibacillus casei AP dan AG

pada
Kultur Sel Makrofag RAW 264.7

Windy Seftiarini, Prof. Widodo, S.P., M.Sc., Ph.D. ; Prof. Dra. Rarastoeti Pratiwi, M.Sc., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

DAFTAR PUSTAKA

Abarquero, D., Renes, E., Fresno, J. M., & Tornadijo, M. E. (2022). Study of
exopolysaccharides from lactic acid bacteria and their industrial applications:
a review. International Journal of Food Science and Technology, 57(1), 16—
26. https://doi.org/10.1111/ijfs.15227

Adolfsson, O., Meydani, S. N., & Russell, R. M. (2004). Yogurt and gut function.
American  Journal  of  Clinical  Nutrition, 80(2), 245-256.
https://doi.org/10.1093/ajcn/80.2.245

Albalasmeh, A. A., Berhe, A. A., & Ghezzehei, T. A. (2013). A new method for
rapid determination of carbohydrate and total carbon concentrations using UV
spectrophotometry. Carbohydrate Polymers, 97(2), 253-261.
https://doi.org/10.1016/j.carbpol.2013.04.072

Amer, M. N., Elgammal, E. W., Atwa, N. A., Eldiwany, A. I., Dawoud, I. E., &
Rashad, F. M. (2021). Structure elucidation and in vitro biological evaluation
of sulfated exopolysaccharide from LAB Weissella paramesenteroides
MN2C2. Journal of Applied Pharmaceutical Science, 11(5), 22-31.
https://doi.org/10.7324/JAPS.2021.110504

Angelin, J., & Kavitha, M. (2020). Exopolysaccharides from probiotic bacteria and
their health potential. International Journal of Biological Macromolecules,
162, 853-865. https://doi.org/10.1016/j.ijbiomac.2020.06.190

Anwar, M. A., Kralj, S., Pigué, A. V., Leemhuis, H., Van Der Maarel, M. J. E. C.,
& Dijkhuizen, L. (2010). Inulin and levan synthesis by probiotic Lactobacillus
gasseri strains: Characterization of three novel fructansucrase enzymes and
their fructan products. Microbiology, 156(4), 1264-1274.
https://doi.org/10.1099/mic.0.036616-0

Ayivi, R. D., Gyawali, R., Krastanov, A., Aljaloud, S. O., Worku, M., Tahergorabi,
R., Silva, R. C. da, & Ibrahim, S. A. (2020). Lactic Acid Bacteria: Food Safety
and Human  Health  Applications. Dairy, 1(3), 202-232.
https://doi.org/10.3390/dairy1030015

Badel, S., Bernardi, T., & Michaud, P. (2011). New perspectives for Lactobacilli
exopolysaccharides. Biotechnology Advances, 29(2), 54-66.
https://doi.org/10.1016/j.biotechadv.2010.08.011

Bamigbade, G., Ali, A. H., Subhash, A., Tamiello-Rosa, C., Al Qudsi, F. R,,
Esposito, G., Hamed, F., Liu, S. Q., Gan, R. Y., Abu-Jdayil, B., & Ayyash, M.
(2023). Structural characterization, biofunctionality, and environmental
factors impacting rheological properties of exopolysaccharide produced by
probiotic  Lactococcus lactis C15. Scientific  Reports,  13(1).
https://doi.org/10.1038/s41598-023-44728-w

Berghaus, L. J., Moore, J. N., Hurley, D. J., Vandenplas, M. L., Fortes, B. P.,
Wolfert, M. A., & Boons, G. J. (2010). Innate immune responses of primary
murine macrophage-lineage cells and RAW 264.7 cells to ligands of Toll-like



Karakterisasi dan Aktivitas Imunomodulator Eksopolisakarida Lacticaseibacillus casei AP dan AG

pada
Kultur Sel Makrofag RAW 264.7
Windy Seftiarini, Prof. Widodo, S.P., M.Sc., Ph.D. ; Prof. Dra. Rarastoeti Pratiwi, M.Sc., Ph.D.

UNIVERSITAS Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

GADJAH MADA
receptors 2, 3, and 4. Comparative Immunology, Microbiology and Infectious
Diseases, 33(5), 443-454. https://doi.org/10.1016/j.cimid.2009.07.001

Bermudez-Brito, M., Plaza-Diaz, J., Mufioz-Quezada, S., Gémez-Llorente, C., &
Gil, A. (2012). Probiotic mechanisms of action. Annals of Nutrition and
Metabolism, 61(2), 160—174. https://doi.org/10.1159/000342079

Berridge, M. V., Herst, P. M., & Tan, A. S. (2005). Tetrazolium dyes as tools in
cell biology: New insights into their cellular reduction. Biotechnology Annual
Review, 11(SUPPL.), 127-152. https://doi.org/10.1016/S1387-
2656(05)11004-7

Bibi, A., Xiong, Y., Rajoka, M. S. R., Mehwish, H. M., Radicetti, E., Umair, M.,
Shoukat, M., Khan, M. K. I., & Aadil, R. M. (2021). Recent advances in the
production of exopolysaccharide (EPS) from lactobacillus spp. and its
application in the food industry: A review. Sustainability (Switzerland),
13(22). https://doi.org/10.3390/su132212429

Chaisuwan, W., Jantanasakulwong, K., Wangtueai, S., Phimolsiripol, Y., Chaiyaso,
T., Techapun, C., Phongthai, S., You, S. G., Regenstein, J. M., &
Seesuriyachan, P. (2020). Microbial exopolysaccharides for immune
enhancement: Fermentation, modifications and bioactivities. Food Bioscience,
35. https://doi.org/10.1016/j.fbi0.2020.100564

Coates, J. (2006). Interpretation of Infrared Spectra, A Practical Approach.
Encyclopedia of Analytical Chemistry.
https://doi.org/10.1002/9780470027318.a5606

Coleman, J. W. (2001). Nitric oxide in immunity and inflammation. International
Immunopharmacology, 1(8), 1397-1406. https://doi.org/10.1016/S1567-
5769(01)00086-8

Cotter, P. D., Ross, R. P., & Hill, C. (2013). Bacteriocins-a viable alternative to
antibiotics?  Nature  Reviews  Microbiology,  11(2),  95-105.
https://doi.org/10.1038/nrmicro2937

Cuthbertson, L., Mainprize, I. L., Naismith, J. H., & Whitfield, C. (2009). Pivotal
Roles of the Outer Membrane Polysaccharide Export and Polysaccharide
Copolymerase Protein Families in Export of Extracellular Polysaccharides in
Gram-Negative Bacteria. Microbiology and Molecular Biology Reviews,
73(1), 155-177. https://doi.org/10.1128/mmbr.00024-08

Das, D., & Goyal, A. (2014). Characterization and biocompatibility of glucan: A
safe food additive from probiotic Lactobacillus plantarum DM5. Journal of
the  Science of Food and  Agriculture, 94(4), 683-690.
https://doi.org/10.1002/jsfa.6305

De Vuyst, L., De Vin, F., Vaningelgem, F., & Degeest, B. (2001). Recent
developments in the biosynthesis and applications of heteropolysaccharides
from lactic acid bacteria. International Dairy Journal, 11(9), 687-707.
https://doi.org/10.1016/S0958-6946(01)00114-5

De Vuyst, L., & Degeest, B. (1999). Heteropolysaccharides from lactic acid



Karakterisasi dan Aktivitas Imunomodulator Eksopolisakarida Lacticaseibacillus casei AP dan AG

pada
Kultur Sel Makrofag RAW 264.7
Windy Seftiarini, Prof. Widodo, S.P., M.Sc., Ph.D. ; Prof. Dra. Rarastoeti Pratiwi, M.Sc., Ph.D.

UNIVERSITAS Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

GADJAH MADA
bacteria. FEMS Microbiology Reviews, 23(2), 153-177.
https://doi.org/10.1111/].1574-6976.1999.tb00395.x

De Vuyst, L., Vanderveken, F., Van De Ven, S., & Degeest, B. (1998). Production
by and isolation of exopolysaccharides from Streptococcus thermophilus
grown in a milk medium and evidence for their growth-associated
biosynthesis. Journal of Applied Microbiology, 84(6), 1059-1068.
https://doi.org/10.1046/j.1365-2672.1998.00445.x

Dilna, S. V., Surya, H., Aswathy, R. G., Varsha, K. K., Sakthikumar, D. N., Pandey,
A., & Nampoothiri, K. M. (2015). Characterization of an exopolysaccharide
with potential health-benefit properties from a probiotic Lactobacillus
plantarum RJF4. Lwt, 64(2), 1179-1186.
https://doi.org/10.1016/j.Iwt.2015.07.040

Donot, F., Fontana, A., Baccou, J. C., & Schorr-Galindo, S. (2012). Microbial
exopolysaccharides: Main examples of synthesis, excretion, genetics and
extraction. Carbohydrate Polymers, 87(2), 951-962.
https://doi.org/10.1016/j.carbpol.2011.08.083

Du, R, Yu, L., Yu, N., Ping, W., Song, G., & Ge, J. (2022). Characterization of
exopolysaccharide produced by Levilactobacillus brevis HDE-9 and
evaluation of its potential use in dairy products. International Journal of
Biological Macromolecules, 217, 303-311.
https://doi.org/10.1016/j.ijbiomac.2022.07.057

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A., & Smith, F. (1956).
Colorimetric Method for Determination of Sugars and Related Substances.
Analytical Chemistry, 28(3), 350-356. https://doi.org/10.1021/ac60111a017

Elisia, 1., Pae, H. B., Lam, V., Cederberg, R., Hofs, E., & Krystal, G. (2018).
Comparison of RAW264.7, human whole blood and PBMC assays to screen
for immunomodulators. Journal of Immunological Methods, 452, 26-31.
https://doi.org/10.1016/j.jim.2017.10.004

Freitas, F., Alves, V. D., & Reis, M. A. M. (2011). Advances in bacterial
exopolysaccharides: From production to biotechnological applications. Trends
in Biotechnology, 29(8), 388-398.
https://doi.org/10.1016/j.tibtech.2011.03.008

Freitas, F., Torres, C. A. V., & Reis, M. A. M. (2017). Engineering aspects of
microbial  exopolysaccharide  production.  Bioresource Technology,
245(PartB), 1674-1683. https://doi.org/10.1016/j.biortech.2017.05.092

Fujihara, M., Muroi, M., Tanamoto, K. I., Suzuki, T., Azuma, H., & lkeda, H.
(2003). Molecular mechanisms of macrophage activation and deactivation by
lipopolysaccharide: Roles of the receptor complex. Pharmacology and
Therapeutics, 100(2), 171-194.
https://doi.org/10.1016/j.pharmthera.2003.08.003

Fujii, J., & Osaki, T. (2023). Involvement of Nitric Oxide in Protecting against
Radical Species and Autoregulation of M1-Polarized Macrophages through



Karakterisasi dan Aktivitas Imunomodulator Eksopolisakarida Lacticaseibacillus casei AP dan AG

pada
Kultur Sel Makrofag RAW 264.7

Windy Seftiarini, Prof. Widodo, S.P., M.Sc., Ph.D. ; Prof. Dra. Rarastoeti Pratiwi, M.Sc., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

Metabolic Remodeling. Molecules, 28(2).
https://doi.org/10.3390/molecules28020814

Génzle, M. (2019). Fermented foods. Food Microbiology: Fundamentals and
Frontiers, 855-900. https://doi.org/10.1128/9781555819972.ch33

Geng, L., Hu, W., Liu, Y., Wang, J., & Zhang, Q. (2018). A heteropolysaccharide
from Saccharina japonica with immunomodulatory effect on RAW 264.7 cells.
Carbohydrate Polymers, 201, 557-565.
https://doi.org/10.1016/j.carbpol.2018.08.096

Goldman, E., & Green, L. H. (2015). Practical Handbook of MICROBIOLOGY:
Second Edition. In Practical Handbook of Microbiology: Second Edition
(Third edit). CRC Press, Taylor & Francis Group.
https://doi.org/10.1201/9781420009330

Gordon, S., & Pliddemann, A. (2017). Tissue macrophages: Heterogeneity and
functions. BMC Biology, 15(1). https://doi.org/10.1186/s12915-017-0392-4

Han, C., Yang, J., Song, P., Wang, X., & Shi, W. (2018). Effects of Salvia
miltiorrhiza Polysaccharides on Lipopolysaccharide-Induced Inflammatory
Factor Release in RAW264.7 Cells. Journal of Interferon and Cytokine
Research, 38(1), 29-37. https://doi.org/10.1089/jir.2017.0087

Hayek, S. A., Gyawali, R., Aljaloud, S. O., Krastanov, A., & Ibrahim, S. A. (2019).
Cultivation media for lactic acid bacteria used in dairy products. Journal of
Dairy Research, 86(4), 490-502.
https://doi.org/10.1017/S002202991900075X

He, C., Lin, H. Y., Wang, C. C., Zhang, M., Lin, Y. Y., Huang, F. Y., Lin, Y. Z., &
Tan, G. H. (2019). Exopolysaccharide from Paecilomyces lilacinus modulates
macrophage activities through the TLR4/NF-«xB/MAPK pathway. Molecular
Medicine Reports, 20(6), 4943-4952.
https://doi.org/10.3892/mmr.2019.10746

Hidalgo-Cantabrana, C., Lopez, P., Gueimonde, M., de los Reyes-Gavilan, C. G.,
Suérez, A., Margolles, A., & Ruas-Madiedo, P. (2012). Immune Modulation
Capability of Exopolysaccharides Synthesised by Lactic Acid Bacteria and
Bifidobacteria. Probiotics and Antimicrobial Proteins, 4(4), 227-237.
https://doi.org/10.1007/s12602-012-9110-2

Hill, D., Sugrue, 1., Tobin, C., Hill, C., Stanton, C., & Ross, R. P. (2018). The
Lactobacillus casei group: History and health related applications. Frontiers
in Microbiology, 9(SEP). https://doi.org/10.3389/fmich.2018.02107

Huang, J. J., Yang, L. C., & Liu, Y. C. (2022). Production, purification, and
structural characteristics of extracellular polysaccharides derived from
Lactobacillus acidophilus. Journal of the Taiwan Institute of Chemical
Engineers, 137. https://doi.org/10.1016/j.jtice.2021.104189

Hussain, A., Zia, K. M., Tabasum, S., Noreen, A., Ali, M., Igbal, R., & Zuber, M.
(2017). Blends and composites of exopolysaccharides; properties and
applications: A review. International Journal of Biological Macromolecules,



Karakterisasi dan Aktivitas Imunomodulator Eksopolisakarida Lacticaseibacillus casei AP dan AG

pada
Kultur Sel Makrofag RAW 264.7

Windy Seftiarini, Prof. Widodo, S.P., M.Sc., Ph.D. ; Prof. Dra. Rarastoeti Pratiwi, M.Sc., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

94, 10-27. https://doi.org/10.1016/j.ijbiomac.2016.09.104

Hutkins, R. W. (2008). Microbiology and Technology of Fermented Foods. In
Microbiology and Technology of Fermented Foods (2nd ed., V). IFT Press
Book Investigates. https://doi.org/10.1002/9780470277515

Islam, S. T., & Lam, J. S. (2014). Synthesis of bacterial polysaccharides via the
Wzx/Wzy-dependent pathway. Canadian Journal of Microbiology, 60(11),
697-716. https://doi.org/10.1139/cjm-2014-0595

Jaishankar, J., & Srivastava, P. (2017). Molecular basis of stationary phase survival
and applications. Frontiers in Microbiology, 8(OCT).
https://doi.org/10.3389/fmicb.2017.02000

Jaroszuk-Sciset, J., Nowak, A., & Komaniecka, L (2020). Differences in
Production, Composition, and Antioxidant Activities of Exopolymeric
Substances (EPS) Obtained from Cultures of Endophytic Fusarium culmorum
Strains with Different Effects on Cereals. Molecules.
https://doi.org/10.3390/molecules25030616

Jenny Angel, S., Vidyadharani, G., Santhosh, S., & Dhandapani, R. (2018).
Optimization and Characterisation of Thermo Stable Exopolysaccharide
Produced from Bacillus licheniformis WSF-1 Strain. Journal of Polymers and
the Environment, 26(9), 3824-3833. https://doi.org/10.1007/s10924-018-
1261-0

Jeong, S. H., Kim, J., & Min, H. (2018). In vitro anti-inflammatory activity of the
Artemisia Montana leaf ethanol extract in macrophage RAW 264.7 cells. Food
and Agricultural Immunology, 29(1), 688-698.
https://doi.org/10.1080/09540105.2018.1439454

Juraskova, D., Ribeiro, S. C., & Silva, C. C. G. (2022). Exopolysaccharides
Produced by Lactic Acid Bacteria: From Biosynthesis to Health-Promoting
Properties. Foods, 11(2). https://doi.org/10.3390/foods11020156

Kanamarlapudi, S. L. R. K., & Muddada, S. (2017). Characterization of
Exopolysaccharide Produced by Streptococcus thermophilus CC30. BioMed
Research International, 2017. https://doi.org/10.1155/2017/4201809

Kashfi, K., Kannikal, J., & Nath, N. (2021). Macrophage reprogramming and
cancer therapeutics: Role of inos-derived no. Cells, 10(11).
https://doi.org/10.3390/cells10113194

Kavita, K., Singh, V. K., Mishra, A., & Jha, B. (2014). Characterisation and anti-
biofilm activity of extracellular polymeric substances from Oceanobacillus
iheyensis. Carbohydrate Polymers, 101(1), 29-35.
https://doi.org/10.1016/j.carbpol.2013.08.099

Kawai, T., & Akira, S. (2007). Signaling to NF-kB by Toll-like receptors. Trends
in Molecular Medicine, 13(11), 460-469.
https://doi.org/10.1016/j.molmed.2007.09.002

Krishnamurthi, V. R., Niyonshuti, I. I., Chen, J., & Wang, Y. (2021). A new



Karakterisasi dan Aktivitas Imunomodulator Eksopolisakarida Lacticaseibacillus casei AP dan AG

pada
Kultur Sel Makrofag RAW 264.7

Windy Seftiarini, Prof. Widodo, S.P., M.Sc., Ph.D. ; Prof. Dra. Rarastoeti Pratiwi, M.Sc., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

analysis method for evaluating bacterial growth with microplate readers. PLoS
ONE, 16(1 January). https://doi.org/10.1371/journal.pone.0245205

Kroncke, K. D., Fehsel, K., Suschek, C., & Kolb-Bachofen, V. (2001). Inducible
nitric oxide synthase-derived nitric oxide in gene regulation, cell death and cell
survival.  International ~ Immunopharmacology, 1(8),  1407-1420.
https://doi.org/10.1016/S1567-5769(01)00087-X

Leroy, F., & De Vuyst, L. (2016). Advances in production and simplified methods
for recovery and quantification of exopolysaccharides for applications in food
and health. Journal of Dairy Science, 99(4), 3229-3238.
https://doi.org/10.3168/jds.2015-9936

Linares, D. M., Gomez, C., Renes, E., Fresno, J. M., Tornadijo, M. E., Ross, R. P.,
& Stanton, C. (2017). Lactic Acid Bacteria and Bifidobacteria with Potential
to Design Natural Biofunctional Health-Promoting Dairy Foods. Frontiers in
Microbiology, 8(MAY). https://doi.org/10.3389/fmicb.2017.00846

Liu, C. F., Tseng, K. C., Chiang, S. S., Lee, B. H., Hsu, W. H., & Pan, T. M. (2011).
Immunomodulatory and  antioxidant  potential of  Lactobacillus
exopolysaccharides. Journal of the Science of Food and Agriculture, 91(12),
2284-2291. https://doi.org/10.1002/jsfa.4456

Liu, L., Li, H, Xu, R. H.,, & Li, P. L. (2017). Expolysaccharides from
Bifidobacterium animalis RH activates RAW 264.7 macrophages through toll-
like receptor 4. Food and Agricultural Immunology, 28(1), 149-161.
https://doi.org/10.1080/09540105.2016.1230599

Liu, L., Xu, J., Na, R., Du, R., Ping, W., Ge, J., & Zhao, D. (2022). Purification,
characterization and partial biological activities of exopolysaccharide
produced by Saccharomyces cerevisiae Y3. International Journal of
Biological Macromolecules, 206, 777-787.
https://doi.org/10.1016/j.ijbiomac.2022.03.083

Liu, T., Zhang, L., Joo, D., & Sun, S. C. (2017). NF-kB signaling in inflammation.
Signal Transduction and Targeted Therapy, 2.
https://doi.org/10.1038/sigtrans.2017.23

Liu, X.,Ren, Z., Yu, R,, Chen, S., Zhang, J., Xu, Y., Meng, Z., Luo, Y., Zhang, W.,
Huang, Y., & Qin, T. (2021). Structural characterization of enzymatic
modification of Hericium erinaceus polysaccharide and its immune-
enhancement activity. International Journal of Biological Macromolecules,
166, 1396-1408. https://doi.org/10.1016/j.ijbiomac.2020.11.019

Lopez-Garcia, J., Lehocky, M., Humpoli¢ek, P., & Saha, P. (2014). HaCaT
Keratinocytes Response on Antimicrobial Atelocollagen Substrates: Extent of
Cytotoxicity, Cell Viability and Proliferation. Journal of Functional
Biomaterials, 5(2), 43-57. https://doi.org/10.3390/jfb5020043

Lv, H., Teng, Q., Chen, J.,, Peng, L., Ren, Z., Ma, L., Yang, W., Yu, B.,, Wu, Z., &
Wan, C. (2024). Probiotic potential of a novel exopolysaccharide produced by
Bifidobacterium animalis subsp. Lactis SF. Lwt, 193.



Karakterisasi dan Aktivitas Imunomodulator Eksopolisakarida Lacticaseibacillus casei AP dan AG

pada
Kultur Sel Makrofag RAW 264.7
Windy Seftiarini, Prof. Widodo, S.P., M.Sc., Ph.D. ; Prof. Dra. Rarastoeti Pratiwi, M.Sc., Ph.D.

UNIVERSITAS ) . . . . . : .
GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

https://doi.org/10.1016/j.Iwt.2024.115764

Lynch, K. M., Coffey, A., & Arendt, E. K. (2018). Exopolysaccharide producing
lactic acid bacteria: Their techno-functional role and potential application in
gluten-free bread products. Food Research International, 110, 52-61.
https://doi.org/10.1016/j.foodres.2017.03.012

Maajid, H. S., Nurliyani, N., & Widodo, W. (2022). Exopolysaccharide production
in fermented milk using Lactobacillus casei strains AP and AG. AIMS
Microbiology, 8(2), 138-152. https://doi.org/10.3934/microbiol.2022012

MacMicking, J., Xie, Q. W., & Nathan, C. (1997). Nitric oxide and macrophage
function.  Annual Review  of Immunology, 15, 323-350.
https://doi.org/10.1146/annurev.immunol.15.1.323

Mandal, S. K., Singh, R. P., & Patel, V. (2011). Isolation and Characterization of
Exopolysaccharide Secreted by a Toxic Dinoflagellate, Amphidinium carterae
Hulburt 1957 and Its Probable Role in Harmful Algal Blooms (HABS).
Microbial Ecology, 62(3), 518-527. https://doi.org/10.1007/s00248-011-
9852-5

Monmai, C., Go, S. H., Shin, I. S., You, S. G,, Lee, H., Kang, S. B., & Park, W. J.
(2018). Immune-enhancement and anti-inflammatory activities of fatty acids
extracted from halocynthia aurantium tunic in RAW264.7 cells. Marine
Drugs, 16(9). https://doi.org/10.3390/md16090309

Morrison, D. K. (2012). MAP kinase pathways. Cold Spring Harbor Perspectives
in Biology, 4(11). https://doi.org/10.1101/cshperspect.a011254

Mosser, D. M., & Edwards, J. P. (2008). Exploring the full spectrum of macrophage
activation. Nature Reviews Immunology, 8(12), 958-9609.
https://doi.org/10.1038/nri2448

Nadzir, M. M., Nurhayati, R. W., Idris, F. N., & Nguyen, M. H. (2021). Biomedical
applications of bacterial exopolysaccharides: A review. Polymers, 13(4), 1-
25. https://doi.org/10.3390/polym13040530

Nanakoudis, A. (2019). EDX Analysis with SEM: How Does it Work? Adv Mater.
https://www.thermofisher.com/blog/materials/edx-analysis-with-sem-how-
does-it-work/

Nandiyanto, A. B. D., Oktiani, R., & Ragadhita, R. (2019). How to read and
interpret ftir spectroscope of organic material. Indonesian Journal of Science
and Technology, 4(1), 97-118. https://doi.org/10.17509/ijost.v4i1.15806

Nemes, Z., Dietz, R., Lith, J. B., Gomba, S., Hackenthal, E., & Gross, F. (1979).
The pharmacological relevance of vital staining with neutral red. Experientia,
35(11), 1475-1476. https://doi.org/10.1007/BF01962793

Netrusov, A. I., Liyaskina, E. V., Kurgaeva, I. V., Liyaskina, A. U,, Yang, G., &
Revin, V. V. (2023). Exopolysaccharides Producing Bacteria: A Review.
Microorganisms, 11(6). https://doi.org/10.3390/microorganisms11061541

Nguyen, P. T., Nguyen, T. T., Bui, D. C., Hong, P. T., Hoang, Q. K., & Nguyen, H.



Karakterisasi dan Aktivitas Imunomodulator Eksopolisakarida Lacticaseibacillus casei AP dan AG

pada
Kultur Sel Makrofag RAW 264.7
Windy Seftiarini, Prof. Widodo, S.P., M.Sc., Ph.D. ; Prof. Dra. Rarastoeti Pratiwi, M.Sc., Ph.D.

UNIVERSITAS Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

GADJAH MADA
T. (2020). Exopolysaccharide production by lactic acid bacteria: The
manipulation of environmental stresses for industrial applications. AIMS
Microbiology, 6(4), 451-469. https://doi.org/10.3934/MICROBIOL.2020027

Nielsen, S. S. (2019). Correction to: Food Analysis Laboratory Manual. C1-C2.
https://doi.org/10.1007/978-3-319-44127-6_32

Ordax, M., Marco-Noales, E., Lopez, M. M., & Biosca, E. G. (2010).
Exopolysaccharides favor the survival of Erwinia amylovora under copper
stress through different strategies. Research in Microbiology, 161(7), 549—
555. https://doi.org/10.1016/j.resmic.2010.05.003

Ortega-Morales, B. O., Lopez-Cortés, A., Hernandez-Duque, G., Crassous, P., &
Guezennec, J. (2001). Extracellular polymers of microbial communities
colonizing ancient limestone monuments. Methods in Enzymology, 336, 331
339. https://doi.org/10.1016/S0076-6879(01)36599-0

Padmanabhan, A., Tong, Y., Wu, Q., Lo, C., & Shah, N. P. (2020). Proteomic
analysis reveals potential factors associated with enhanced EPS production in
Streptococcus thermophilus ASCC 1275. Scientific Reports, 10(1).
https://doi.org/10.1038/s41598-020-57665-9

Padmanabhan, A., Tong, Y., Wu, Q., Zhang, J.,, & Shah, N. P. (2018).
Transcriptomic insights into the growth phase- and sugar-associated changes
in the exopolysaccharide production of a high EPS-producing Streptococcus
thermophilus ASCC 1275. Frontiers in  Microbiology, 9(JUL).
https://doi.org/10.3389/fmicb.2018.01919

Palmieri, E. M., McGinity, C., Wink, D. A., & McVicar, D. W. (2020). Nitric oxide
in macrophage immunometabolism: Hiding in plain sight. Metabolites,
10(11), 1-34. https://doi.org/10.3390/metabo10110429

Prete, R., Alam, M. K., Perpetuini, G., Perla, C., Pittia, P., & Corsetti, A. (2021).
Lactic acid bacteria exopolysaccharides producers: A sustainable tool for
functional foods. Foods, 10(7). https://doi.org/10.3390/foods10071653

Rahbar Saadat, Y., Yari Khosroushahi, A., & Pourghassem Gargari, B. (2019). A
comprehensive review of anticancer, immunomodulatory and health beneficial
effects of the lactic acid bacteria exopolysaccharides. Carbohydrate Polymers,
217, 79-89. https://doi.org/10.1016/j.carbpol.2019.04.025

Rajoka, M. S. R., Mehwish, H. M., Kitazawa, H., Barba, F. J., Berthelot, L., Umair,
M., Zhu, Q., He, Z., & Zhao, L. (2022). Techno-functional properties and
immunomodulatory potential of exopolysaccharide from Lactiplantibacillus
plantarum MM89 isolated from human breast milk. Food Chemistry, 377.
https://doi.org/10.1016/j.foodchem.2021.131954

Reddy, C. (2007). Methods for General and Molecular Microbiology. In Methods
for General and Molecular Microbiology (3rd editio). ASM Press.
https://doi.org/10.1128/9781555817497

Ren, D., Lin, D., Alim, A., Zheng, Q., & Yang, X. (2017). Chemical
characterization of a novel polysaccharide ASKP-1 from Artemisia



Karakterisasi dan Aktivitas Imunomodulator Eksopolisakarida Lacticaseibacillus casei AP dan AG

pada
Kultur Sel Makrofag RAW 264.7
Windy Seftiarini, Prof. Widodo, S.P., M.Sc., Ph.D. ; Prof. Dra. Rarastoeti Pratiwi, M.Sc., Ph.D.

UNIVERSITAS Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

GADJAH MADA
sphaerocephala Krasch seed and its macrophage activation via MAPK,
PI3k/Akt and NF-«kB signaling pathways in RAW264.7 cells. Food and
Function, 8(3), 1299-1312. https://doi.org/10.1039/c6f001699e

Riaz Rajoka, M. S., Mehwish, H. M., Zhang, H., Ashraf, M., Fang, H., Zeng, X.,
Wu, Y., Khurshid, M., Zhao, L., & He, Z. (2020). Antibacterial and
antioxidant activity of exopolysaccharide mediated silver nanoparticle
synthesized by Lactobacillus brevis isolated from Chinese koumiss. Colloids
and Surfaces B: Biointerfaces, 186.
https://doi.org/10.1016/j.colsurfb.2019.110734

Ruas-Madiedo, P., & De Los Reyes-Gavilan, C. G. (2005). Invited review: Methods
for the screening, isolation, and characterization of exopolysaccharides
produced by lactic acid bacteria. Journal of Dairy Science, 88(3), 843-856.
https://doi.org/10.3168/jds.S0022-0302(05)72750-8

Sadishkumar, V., & Jeevaratnam, K. (2017). In vitro probiotic evaluation of
potential antioxidant lactic acid bacteria isolated from idli batter fermented
with Piper betle leaves. International Journal of Food Science and
Technology, 52(2), 329-340. https://doi.org/10.1111/ijfs.13284

Salimi, F., & Farrokh, P. (2023). Recent advances in the biological activities of
microbial exopolysaccharides. World Journal of Microbiology and
Biotechnology, 39(8). https://doi.org/10.1007/s11274-023-03660-x

Sardari, R. R. R., Kulcinskaja, E., Ron, E. Y. C., Bjdrnsdéttir, S., Fridjonsson, O.
H., Hreggvidsson, G. O., & Karlsson, E. N. (2017). Evaluation of the
production of exopolysaccharides by two strains of the thermophilic bacterium
Rhodothermus ~ marinus.  Carbohydrate  Polymers, 156, 1-8.
https://doi.org/10.1016/j.carbpol.2016.08.062

Savijoki, K., Ingmer, H., & Varmanen, P. (2006). Proteolytic systems of lactic acid
bacteria. Applied Microbiology and Biotechnology, 71(4), 394-406.
https://doi.org/10.1007/s00253-006-0427-1

Schmid, J., Sieber, V., & Rehm, B. (2015). Bacterial exopolysaccharides:
Biosynthesis pathways and engineering strategies. Frontiers in Microbiology,
6(MAY). https://doi.org/10.3389/fmich.2015.00496

Seyedsayamdost, M. R. (2019). Toward a global picture of bacterial secondary
metabolism. Journal of Industrial Microbiology and Biotechnology, 46(3-4),
301-311. https://doi.org/10.1007/s10295-019-02136-y

Singh, H., & Singh, H. (2014). “ Probiotics — An Emerging Concept .” International
Journal of Scientific and Research Publications, 4(6), 4-6.

Sirin, S., & Aslim, B. (2020). Characterization of lactic acid bacteria derived
exopolysaccharides for use as a defined neuroprotective agent against amyloid
betal—42-induced apoptosis in SH-SY5Y cells. Scientific Reports, 10(1).
https://doi.org/10.1038/s41598-020-65147-1

Sarensen, H. M., Rochfort, K. D., Maye, S., MacLeod, G., Brabazon, D., Loscher,
C., & Freeland, B. (2022). Exopolysaccharides of Lactic Acid Bacteria:



Karakterisasi dan Aktivitas Imunomodulator Eksopolisakarida Lacticaseibacillus casei AP dan AG

pada
Kultur Sel Makrofag RAW 264.7
Windy Seftiarini, Prof. Widodo, S.P., M.Sc., Ph.D. ; Prof. Dra. Rarastoeti Pratiwi, M.Sc., Ph.D.

UNIVERSITAS Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

GADJAH MADA
Production, Purification and Health Benefits towards Functional Food.
Nutrients, 14(14). https://doi.org/10.3390/nu14142938

Stockert, J. C., Horobin, R. W., Colombo, L. L., & Blazquez-Castro, A. (2018).
Tetrazolium salts and formazan products in Cell Biology: Viability
assessment, fluorescence imaging, and labeling perspectives. Acta
Histochemica, 120(3), 159-167. https://doi.org/10.1016/j.acthis.2018.02.005

Sun, X., & Zhang, J. (2021). Bacterial exopolysaccharides: Chemical structures,
gene clusters and genetic engineering. International Journal of Biological
Macromolecules, 173, 481-490.
https://doi.org/10.1016/j.ijbiomac.2021.01.139

Surayot, U., Wang, J. G., Lee, J. H., Kanongnuch, C., Peerapornpisal, Y., & You,
S. G. (2015). Characterization and immunomodulatory activities of
polysaccharides from Spirogyra neglecta (Hassall) Kiitzing. Bioscience,
Biotechnology and Biochemistry, 79(10), 1644-1653.
https://doi.org/10.1080/09168451.2015.1043119

Taciak, B., Bialasek, M., Braniewska, A., Sas, Z., Sawicka, P., Kiraga, t.., Rygiel,
T., & Krol, M. (2018). Evaluation of phenotypic and functional stability of
RAW 264.7 cell line through serial passages. PLoS ONE, 13(6).
https://doi.org/10.1371/journal.pone.0198943

Tian, J., Wang, X., Zhang, X., Zhang, C., Chen, X., Dong, M., Rui, X., Zhang, Q.,
Fang, Y., & Li, W. (2021). Isolation, structural characterization and
neuroprotective activity of exopolysaccharide from Paecilomyces cicada
TJJ1213. International Journal of Biological Macromolecules, 183, 1034-
1046. https://doi.org/10.1016/j.ijbiomac.2021.05.047

Torino, M. I, de Valdez, G. F., & Mozzi, F. (2015). Biopolymers from lactic acid
bacteria. Novel applications in foods and beverages. Frontiers in
Microbiology, 6(JUL). https://doi.org/10.3389/fmicbh.2015.00834

Van Geel-Schutten, G. H., Flesch, F., Ten Brink, B., Smith, M. R., & Dijkhuizen,
L. (1998). Screening and characterization of Lactobacillus strains producing
large amounts of exopolysaccharides. Applied Microbiology and
Biotechnology, 50(6), 697—703. https://doi.org/10.1007/s002530051353

Vijayalakshmi, S., Kim, J. R., Chelliah, R., Barathikannan, K., Hirad, A. H., & Oh,
D. H. (2024). Structural Characterization and Immunomodulatory Activity of
an Exopolysaccharide Produced by Probiotic Leuconostoc mesenteroides
201607 Isolated from Fermented Food. Applied Microbiology, 4(1), 329-340.
https://doi.org/10.3390/applmicrobiol4010022

Vinothini, G., Latha, S., Arulmozhi, M., & Dhanasekaran, D. (2019). Statistical
optimization, physio-chemical and bio-functional attributes of a novel
exopolysaccharide from probiotic Streptomyces griseorubens GD?5.
International Journal of Biological Macromolecules, 134, 575-587.
https://doi.org/10.1016/j.ijbiomac.2019.05.011

Wang, X., Tian, J., Zhang, X., Tang, N., Rui, X., Zhang, Q., Dong, M., & Li, W.



Karakterisasi dan Aktivitas Imunomodulator Eksopolisakarida Lacticaseibacillus casei AP dan AG

pada
Kultur Sel Makrofag RAW 264.7
Windy Seftiarini, Prof. Widodo, S.P., M.Sc., Ph.D. ; Prof. Dra. Rarastoeti Pratiwi, M.Sc., Ph.D.

UNIVERSITAS Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

GADJAH MADA
(2022). Characterization and Immunological Activity of Exopolysaccharide
from Lacticaseibacillus paracasei GL1 Isolated from Tibetan Kefir Grains.
Foods, 11(21), 3330. https://doi.org/10.3390/foods11213330

Wang, Y., Su, L., Morin, M. D., Jones, B. T., Whitby, L. R., Surakattula, M. M. R.
P., Huang, H., Shi, H., Choi, J. H., Wang, K. W., Moresco, E. M. Y., Berger,
M., Zhan, X., Zhang, H., Boger, D. L., & Beutler, B. (2016). TLR4/MD-2
activation by a synthetic agonist with no similarity to LPS. Proceedings of the
National Academy of Sciences of the United States of America, 113(7), E884—
E893. https://doi.org/10.1073/pnas.1525639113

Wang, Y., Wu, J., Lv, M., Shao, Z., Hungwe, M., Wang, J., Bai, X., Xie, J., Wang,
Y., & Geng, W. (2021). Metabolism Characteristics of Lactic Acid Bacteria
and the Expanding Applications in Food Industry. Frontiers in Bioengineering
and Biotechnology, 9. https://doi.org/10.3389/fbioe.2021.612285

Werning, M. L., Hernandez-Alcantara, A. M., Ruiz, M. J., Soto, L. P., Duefias, M.
T., Lopez, P., & Frizzo, L. S. (2022). Biological Functions of
Exopolysaccharides from Lactic Acid Bacteria and Their Potential Benefits
for Humans and Farmed Animals. Foods, 11(9).
https://doi.org/10.3390/foods11091284

Widodo, W., Anindita, N. S., Taufig, T. T., & Wahyuningsih, T. D. (2014).
Evaluation of Two Lactobacillus Strains as Probiotics with Emphasis in
Utilizing Prebiotic Inulin as Energy Source. International Research Journal of
Microbiology, 5(3), 33-40.

Widodo, W., Anindita, N. S., Tono, T., & Dwi, T. (2012). Identification of
Pediococcus Strains Isolated from Feces of Indonesian Infants With in vitro
Capability to Consume Prebiotic Inulin and to Adhere on Mucus. Indonesian
Journal of Biotechnology, 17(2), 132-143.

Widodo, W., Handaka, R., Wahyuni, E., & Taufig, T. T. (2017). The quality of
fermented milk produced using intestinal-origin lactic acid bacteria as starters.
International Food Research Journal, 24(6), 2371-2376.

Widodo, W., Taufig, T. T., Aryati, E., Kurniawati, A., & Asmara, W. (2012).
Human origin Lactobacillus casei isolated from Indonesian infants
demonstrating potential characteristics as probiotics in vitro. Indonesian
Journal of Biotechnology, 17(1), 79-89.
https://doi.org/10.22146/ijbiotech.7852

Winckler, J. (1974). Vital staining of lysosomes and other cell organelles of the rat
with neutral red. Progress in Histochemistry and Cytochemistry, 6(3), 1-91.
http://www.ncbi.nlm.nih.gov/pubmed/4142096

Wuyts, S., Wittouck, S., De Boeck, I., Allonsius, C. N., Pasolli, E., Segata, N., &
Lebeer, S. (2017). Large-Scale Phylogenomics of the Lactobacillus casei
Group Highlights Taxonomic Inconsistencies and Reveals Novel Clade-
Associated Features . MSystems, 2(4).
https://doi.org/10.1128/msystems.00061-17



Karakterisasi dan Aktivitas Imunomodulator Eksopolisakarida Lacticaseibacillus casei AP dan AG

pada
Kultur Sel Makrofag RAW 264.7

Windy Seftiarini, Prof. Widodo, S.P., M.Sc., Ph.D. ; Prof. Dra. Rarastoeti Pratiwi, M.Sc., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

Xiao, L., Li, Y., Tian, J., Zhou, J., Xu, Q., Feng, L., Rui, X., Fan, X., Zhang, Q.,
Chen, X., Dong, M., & Li, W. (2020). Influences of drying methods on the
structural, physicochemical and antioxidant properties of exopolysaccharide
from Lactobacillus helveticus MB2-1. International Journal of Biological
Macromolecules, 157, 220-231.
https://doi.org/10.1016/j.ijbiomac.2020.04.196

Xiao, L., Xu, D., Tang, N., Rui, X., Zhang, Q., Chen, X., Dong, M., & Li, W.
(2021). Biosynthesis of exopolysaccharide and structural characterization by
Lacticaseibacillus paracasei ZY-1 isolated from Tibetan kefir. Food
Chemistry: Molecular Sciences, 3.
https://doi.org/10.1016/j.fochms.2021.100054

Xiu, L., Zhang, H., Hu, Z., Liang, Y., Guo, S., Yang, M., Du, R., & Wang, X.
(2018). Immunostimulatory activity of exopolysaccharides from probiotic
Lactobacillus casei WXDO030 strain as a novel adjuvant in vitro and in vivo.
Food and Agricultural Immunology, 29(1), 1086-1105.
https://doi.org/10.1080/09540105.2018.1513994

Xu, Y., Cui, Y., Wang, X., Yue, F.,, Shan, Y., Liu, B, Zhou, Y., Yi, Y., & Li, X.
(2019). Purification, characterization and bioactivity of exopolysaccharides
produced by Lactobacillus plantarum KXO041. International Journal of
Biological Macromolecules, 128, 480-492.
https://doi.org/10.1016/j.ijbiomac.2019.01.117

Xu, Y., Cui, Y., Yue, F., Liu, L., Shan, Y., Liu, B., Zhou, Y., & Li, X. (2019).
Exopolysaccharides produced by lactic acid bacteria and Bifidobacteria:
Structures, physiochemical functions and applications in the food industry.
Food Hydrocolloids, 94, 475-499.
https://doi.org/10.1016/j.foodhyd.2019.03.032

Yahoum, M. M., Toumi, S., Hentabli, S., Tahraoui, H., Lefnaoui, S., Hadjsadok,
A., Amrane, A., Kebir, M., Moula, N., Assadi, A. A., Zhang, J., & Mouni, L.
(2023). Experimental Analysis and Neural Network Modeling of the
Rheological Behavior of Xanthan Gum and Its Derivatives. Materials, 16(7).
https://doi.org/10.3390/mal6072565

Yang, S., Xu, X., Peng, Q., Ma, L., Qiao, Y., & Shi, B. (2023). Exopolysaccharides
from lactic acid bacteria, as an alternative to antibiotics, on regulation of
intestinal health and the immune system. Animal Nutrition, 13, 78-89.
https://doi.org/10.1016/j.aninu.2023.02.004

Zannini, E., Waters, D. M., Coffey, A., & Arendt, E. K. (2016). Production,
properties, and industrial food application of lactic acid bacteria-derived
exopolysaccharides. Applied Microbiology and Biotechnology, 100(3), 1121
1135. https://doi.org/10.1007/s00253-015-7172-2

Zeidan, A. A., Poulsen, V. K., Janzen, T., Buldo, P., Derkx, P. M. F., @regaard, G.,
& Neves, A. R. (2017). Polysaccharide production by lactic acid bacteria: from
genes to industrial applications. FEMS Microbiology Reviews, 41.
https://doi.org/10.1093/FEMSRE/FUX017



Karakterisasi dan Aktivitas Imunomodulator Eksopolisakarida Lacticaseibacillus casei AP dan AG

pada
Kultur Sel Makrofag RAW 264.7

Windy Seftiarini, Prof. Widodo, S.P., M.Sc., Ph.D. ; Prof. Dra. Rarastoeti Pratiwi, M.Sc., Ph.D.
GLj\I\]lDlJ\//\E[R]S\}[—QADSA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

Zhang, W., & Liu, H. T. (2002). MAPK signal pathways in the regulation of cell
proliferation in  mammalian cells. Cell Research, 12(1), 9-18.
https://doi.org/10.1038/sj.cr.7290105

Zheng, D., Zou, Y., Cobbina, S. J., Wang, W., Li, Q., Chen, Y., Feng, W., Zou, Y.,
Zhao, T., Zhang, M., Yang, L., & Wu, X. (2017). Purification, characterization
and immunoregulatory activity of a polysaccharide isolated from Hibiscus
sabdariffa L. Journal of the Science of Food and Agriculture, 97(5), 1599—
1606. https://doi.org/10.1002/jsfa.7908

Zheng, J., Wittouck, S., Salvetti, E., Franz, C. M. A. P., Harris, H. M. B., Mattarelli,
P., O’toole, P. W., Pot, B., Vandamme, P., Walter, J., Watanabe, K., Wuyts,
S., Felis, G. E., Ganzle, M. G., & Lebeer, S. (2020). A taxonomic note on the
genus Lactobacillus: Description of 23 novel genera, emended description of
the genus Lactobacillus beijerinck 1901, and union of Lactobacillaceae and
Leuconostocaceae. International Journal of Systematic and Evolutionary
Microbiology, 70(4), 2782-2858. https://doi.org/10.1099/ijsem.0.004107

Zhou, Y., Cui, Y., & Qu, X. (2019). Exopolysaccharides of lactic acid bacteria:
Structure, bioactivity and associations: A review. Carbohydrate Polymers,
207, 317-332. https://doi.org/10.1016/j.carbpol.2018.11.093

Ziadi, M., Bouzaiene, T., M’Hir, S., Zaafouri, K., Mokhtar, F., Hamdi, M., &
Boisset-Helbert, C. (2018). Evaluation of the efficiency of ethanol
precipitation and ultrafiltration on the purification and characteristics of
exopolysaccharides produced by three lactic acid bacteria. BioMed Research
International, 2018. https://doi.org/10.1155/2018/1896240



