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Background: Ganyong tubers (Canna edulis K.) are widely
consumed by Indonesians as an alternative food source. However,
no studies have investigated the pharmacological properties of
ganyong tubers, particularly their immunomodulatory activity.
Objective: This study aimed to evaluate the immunomodulatory
effects of ganyong tubers in mice infected with Staphylococcus
aureus. Material and Method: This study used a randomized
experimental design involving 30 male BALB/c mice divided into
five groups, including a normal control, a negative control (infected
with Staphylococcus aureus), and three groups treated with
ganyong (Canna edulis K.) extract at doses of 50, 100, and 150
mg/kg BW. The extract was administered orally for seven days,
followed by S. aureus injection. Phagocytic activity, leukocyte
count, spleen weight, and antibody levels were evaluated using
microscopy and ELISA. Data were analyzed using one-way
ANOVA and Duncan’s post hoc test. Result: This study evaluated
the immunomodulatory effects of ganyong tuber (Canna edulis K.)
extract on phagocytosis activity and capacity, leukocyte count,
spleen weight, and antibody levels in mice infected with
Staphylococcus aureus. Phagocytosis activity and capacity were
highest in the group receiving 50 mg/kg body weight (BW) extract,
with decreasing effects at higher doses. Leukocyte counts were
highest in the infected untreated group, while spleen weight was
significantly increased in the 50 mg/kg BW treatment group
compared to controls. Although the 100 mg/kg BW group showed
the highest antibody levels, these differences were not statistically
significant. Conclusion: Ganyong tuber extract demonstrated
immunomodulatory activity by enhancing innate immune
responses against S. aureus infection.
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Highlights
1. Ganyong tuber exhibits immunomodulatory activity against Staphylococcus aureus infection
in mice.

2. Ganyong tuber extract increases phagocytic activity, leukocyte count, and spleen weight in
infected mice.

BACKGROUND

Microorganisms such as bacteria, viruses, parasites, and fungi can cause infectious diseases (Oktari,
et al., 2020). Indonesia experiences a high number of infectious disease cases each year. For example,
AIDS and tuberculosis rank second in the world (de Jong, et al., 2018; Ministry of Health of The
Republic of Indonesia, 2020). Staphylococcus aureus infections are also of concern, with annual deaths
in the United States reaching up to 20,000 (Cheung, et al., 2021).

Treatment for infectious diseases commonly involves antibiotics, which have led to resistance in
several pathogens—one of the most notable being Methicillin-resistant Staphylococcus aureus (MRSA)
(Lee, et al., 2018). MRSA infections exacerbate patient conditions and have been linked to increased
mortality rates in various regions (Turner, et al., 2019). According to the World Health Organization
(WHO), antibiotic resistance occurs in approximately 20% of cases globally, with up to 80% found in
Asia (Syahniar, et al., 2020).

The global health crisis caused by bacterial and viral resistance highlights the need for alternative
treatments for infectious diseases (Pang, et al., 2019). One such alternative is immune system
modulation.

The immune system comprises a series of physiological processes that protect the body against
pathogens, such as viruses, bacteria, parasites, and fungi, to maintain homeostasis (Behl, et al., 2021;
Haque, et al., 2017; Sindhu, et al., 2021). The spleen is one of the secondary lymphoid organs involved
in immunity. It contributes to infection defense by supporting T lymphocyte activation and forming
germinal centers for B lymphocyte proliferation and antibody production (Bakir, 2023).

Furthermore, its marginal zone is rich in leukocytes like macrophages and neutrophils, which
eliminate pathogens via phagocytosis (Aliyu, et al., 2021; Norris, et al., 2020). Therefore, the
interactions between leukocytes, phagocytosis, and the spleen form the foundation of both innate and
adaptive immune responses. In infection therapy, monitoring parameters such as leukocyte counts,
phagocytic activity, and spleen weight is essential to evaluate the effectiveness of immunomodulator-
based treatment.

Maintaining and modulating the immune system is critical in protecting the body from pathogenic
attacks (Oktari, et al., 2020). Immunomodulatory compounds can regulate (enhance or suppress)
immune responses and optimize both innate and adaptive immunity (Hartati, et al., 2017; Sianipar,
2021). These active compounds include polysaccharides, flavonoids, and terpenoids (Aziz, et al., 2020;
Blomquist, et al., 2021; Prahesti, 2019).

Ganyong (Canna edulis) is a tuberous plant native to South America and now widely distributed in
Asia, Australia, and Africa. In Indonesia, it is mainly cultivated on the islands of Java and Bali
(Praseptiangga, et al., 2018). Traditionally, ganyong tubers have been used as an alternative food source,
processed into flour, noodles, vegetables, or side dishes, due to their high carbohydrate (22-23%) and
protein (~1%) content (Praseptiangga, et al., 2018; Pudjihastuti, et al., 2018).

Ganyong tubers contain various secondary metabolites such as alkaloids, flavonoids, steroids, and
phenolics (Putri & Dyna, 2019). More specifically, they include compounds like flavonoids, terpenoids,
alkaloids, and polysaccharides (e.g., D-Mannitol, 2-Deoxy-D-ribose, and D-Mannose) (Savira, et al.,
2023). These constituents suggest that ganyong tubers have potential as immunomodulatory agents.

According to Chinese Materia Medica (Zhonghua), Canna edulis exhibits anti-inflammatory
properties (Zhang, et al., 2020). Burhannudin, et al., (2018) also reported its potential in preventing
colorectal carcinogenesis due to its high fiber and calcium content. However, no studies have yet
investigated the immunomodulatory effect of Canna edulis tuber extract in mice infected with
Staphylococcus aureus.

Therefore, this study aims to evaluate the immunomodulatory activity of ganyong tuber extract by
measuring leukocyte count, phagocytic activity, and antibody levels. This research also seeks to identify
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alternative natural treatments that can limit the spread of Staphylococcus aureus, a major contributor to
life-threatening infections.

OBJECTIVE

The purpose of this study was to evaluate the effect of ganyong tubers on phagocytic activity and
capacity, spleen weight, leukocyte count, and antibody levels in mice infected with Staphylococcus
aureus.

MATERIAL AND METHOD

This study employed a randomized experimental design. All procedures adhered to the ethical
standards approved by the Ethics Committee of the Faculty of Dentistry, University of Jember
(No.1590/UN25.8/KEPK/DL/2022), on 25-07-2022. Phagocytosis activity and leukocyte counts were
assessed using an Olympus BX53F2 Optical Microscope (Japan) equipped with CellSens Imaging
Software. Serum samples were obtained by centrifugation at 3000 rpm for 20 minutes using an
Eppendorf Centrifuge 5810 R. Antibody levels were measured using a Mouse Immunoglobulin G
ELISA kit (Bioassay Technology Laboratory, BT Lab), and optical density (OD) was read using a Bio-
Rad iMark microplate absorbance reader.

Sample collection

Fresh Ganyong (Canna edulis K.) tubers were collected in July 2022 from Tugusari Village,
Bangsalsari, Jember, Indonesia. Botanical identification was performed at the Biology Laboratory,
Faculty of Mathematics and Natural Sciences, University of Jember. The red ganyong tubers used were
6—8 weeks old, 5-9 cm in diameter, and 10—15 cm in length.

Ganyong (Canna edulis K.) extraction

The tubers were washed twice with distilled water, crushed, and macerated with 96% ethanol. Initially,
the maceration was carried out for 24 hours. The extract was filtered and dried. The dried material was
then soaked in ethanol (1:3 ratio) and shaken for 72 hours (3 x 24 h), with the solvent being replaced
every 24 hours. The combined filtrates were evaporated using a vacuum rotary evaporator at 75-80 °C
to obtain a solid extract, which was stored for administration at designated doses (Luhurningtyas, et al.,
2021).

Animal study and treatments

Thirty adult male BALB/c mice (8—10 weeks old, 25-30 g body weight) were randomly assigned into
five groups (n=6 per group): K (normal control), K— (negative control, infected with Staphylococcus
aureus), P1 (treated with 50 mg/kg BW ganyong extract), P2 (treated with 100 mg/kg BW ganyong
extract), and P3 (treated with 150 mg/kg BW ganyong extract). Ganyong extract was administered
orally for seven consecutive days. On day 8 and day 22, the mice were intraperitoneally injected with
S. aureus (0.5 McFarland standard). On day 23, the mice were sacrificed for the collection of
intraperitoneal fluid, blood, and serum (Wahyuningsih, et al., 2017).

Phagocytic ability assay

To assess phagocytic activity and capacity, 0.2 mL of S. aureus was injected intraperitoneally. After
one hour, mice were anesthetized, and 2 mL of 3% EDTA was injected intraperitoneally. Peritoneal
fluid (~1 mL) was aspirated. Phagocytosis assessment followed the method by Savira, et al., (2021).

Leukocyte number and spleen weight measurement

Blood samples were applied to a hemocytometer and allowed to stand for 1 minute to lyse
erythrocytes. Leukocytes were counted under 40% magnification across 4 large squares. Total
leukocytes per mm? were calculated using the formula:

1
The number of Leukocytes = 7 X 160 X 10 X cells
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Spleens were collected, rinsed with PBS, and weighed using an analytical balance (Wahyuningsih, et
al., 2017).

Antibody level by ELISA

Serum IgG levels were measured using a mouse IgG ELISA kit (BT LAB). Each well received 40 uL.
of serum, 10 pL of anti-IgG antibody, and 50 puL of streptavidin-HRP. The plate was mixed, sealed,
and incubated at 37 °C for 60 minutes. Wells were washed five times with 0.35 mL wash buffer. After
drying, 50 pL of substrate solutions A and B were added, followed by a 10-minute dark incubation at
37 °C. The reaction was stopped, and OD was measured at 450 nm using a microplate reader.

Data Analysis
Data were analyzed using one-way ANOVA followed by Duncan’s post hoc test using SPSS version
23.0 (IBM Corp., Armonk, NY). A p<0.05 was considered statistically significant.

RESULT

Phagocytosis ability

Phagocytosis ability was assessed by evaluating both phagocytic activity and capacity. Phagocytic
activity was determined by counting the number of actively phagocytosing cells out of 100 total
phagocytes. Active phagocytes were identified by their larger size and brighter cytoplasm compared to
inactive cells (Figure la). Phagocytic capacity was measured by counting the total number of
Staphylococcus aureus cells engulfed by 50 active phagocytic cells (Figure 1b) (Wahyuningsih, et al.,
2016).

As shown in Figure 2, the P1 group (treated with 50 mg/kg BW of ganyong extract) exhibited the
highest mean phagocytic activity among all treatment groups. In contrast, the P2 (100 mg/kg BW) and
P3 (200 mg/kg BW) groups showed a dose-dependent decrease in phagocytic activity. The lowest
activity was observed in the negative control group (K—). Notably, there was no significant difference
in phagocytic activity between the K— and P3 groups.

Phagocytic capacity results were consistent with phagocytic activity trends. As illustrated in Figure
1d, the K— group had the lowest capacity, while the P1 group showed the highest, with an average of
approximately 407 S. aureus cells phagocytosed by 50 phagocytes.

The number of leukocyte and spleen weight

Based on the results (Table 1), the K— group exhibited the highest mean leukocyte count at 27,563
cells/mm?, while the P3 group had the lowest count at 2,675 cells/mm?.

In contrast to the leukocyte count, spleen weight measurements revealed different trends. The P1
group demonstrated the highest spleen weight, which was significantly different compared to both the
normal control (K) and negative control (K—) groups. Meanwhile, the P2 group showed the lowest
spleen weight, which was comparable to the K group.

Table 1. Effect of ganyong tuber extract on the number of leukocyte and spleen weight.
Treatment groups Number of leukocyte (cells/mm?®)  Spleen weight (mg)

K 10418.75° 150%

K- 27,562.50¢ 170°

Pl 11456.25b 220°

P2 13643.75¢ 1202

P3 2575.00° 170°
Legends: Diverse letters in each data label indicate statistically significant
differences (P < 0.05).

The graph in Figure 2 illustrates the antibody level results, with the highest levels observed in the P2
group. However, based on one-way ANOVA analysis, the differences among all treatment groups were
not statistically significant.
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Figure 1. Effect of ganyong tuber extract on phagocytosis ability. (a) the different of active phagocyte
(red arrow) and non-active (white arrow); (b) S.aureus cells on active phagocyte (red arrow); (c) the
phagocytosis activity; (d) the phagocytosis capacity.
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DISCUSSION

Ganyong (Canna edulis K.) contains several secondary metabolites that are important
immunomodulators. According to research by Savira, et al., (2023), ganyong tuber extract contains high
levels of 2,3-dihydro benzofuran, a flavonoid compound. Flavonoids possess anti-inflammatory
properties by inhibiting the production of pro-inflammatory cytokines by phagocytes (Bayat, et al.,
2021; Parubak, 2019). They regulate the function of phagocytes such as macrophages and neutrophils,
and have the potential to influence lymphokine production by T cells while stimulating phagocytic cells
(Pasaribu & Longdong, 2019).

In addition to flavonoids, ganyong tuber extracts contain three types of polysaccharides: D-mannitol,
2-deoxy-D-ribose, and D-mannose (Savira, et al., 2023). These polysaccharides can induce nitric oxide
synthase, leading to the production of nitric oxide (NO), a marker of macrophage activation essential
for phagocytosis (Burhannudin, et al., 2018). This is supported by the increased phagocytosis activity
observed in the P1 treatment group, which showed the highest mean activity compared to other groups.
Polysaccharides are also expected to enhance antibody production for opsonization, thereby increasing
phagocytosis capacity. However, in this study, antibody levels did not increase in the ganyong extract-
treated groups despite the rise in phagocytosis capacity. The polysaccharides may exert anti-
inflammatory effects that normalize leukocyte counts.

Other bioactive compounds in ganyong tuber extract include alkaloids and terpenoids (Savira, et al.,
2023). Alkaloids have been shown to act as immunomodulators by inhibiting TNF-a, IL-6, and IL-1J,
thus reducing inflammation in both in vitro and in vivo studies (Fan, et al., 2018). Terpenoids modulate
the immune response by decreasing pro-inflammatory cytokine production and activating macrophages
for bacterial clearance (Yang, et al., 2020).

The secondary metabolites in ganyong tuber extract demonstrate potential as immunomodulators.
However, exceeding the effective dose may cause immunogenic intolerance or a decreased immune
response (Trihastuty, et al., 2019). One plausible explanation is that high doses could trigger excessive
pro-inflammatory cytokine release (e.g., TNF-a, IL-6), which activates compensatory anti-
inflammatory pathways (e.g., IL-10, regulatory T cells), resulting in net immunosuppression. This
hypothesis requires further validation through cytokine profiling and dose-response studies (Tanaka, et
al., 2018). In this study, the P3 group showed reduced phagocytic ability and a sharp decrease in
leukocytes, indicating that the effective dose of ganyong extract is 50 mg/kg BW. These findings
underscore the need for future research to confirm biphasic effects and elucidate underlying molecular
mechanisms.

The increase in leukocyte counts observed in the negative control group should also correlate with
spleen weight. The spleen is a site for proliferation of B lymphocytes, macrophages, and T lymphocytes.
Wahyuningsih, et al., (2017) demonstrated that increased B lymphocyte proliferation correlates with
increased spleen weight. However, B lymphocyte proliferation was not measured in this study. Since B
lymphocytes are responsible for antibody production and antibody levels did not increase in the
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ganyong-treated groups, it suggests that the polysaccharides and secondary metabolites in ganyong
tuber extract primarily modulate innate immune responses against bacterial infection.

Strength and limitations

This study is among the first to investigate the immunomodulatory potential of Canna edulis K.
(ganyong) tuber extract against Staphylococcus aureus infection in vivo, assessing both innate
(phagocytic activity, leukocyte count, spleen weight) and adaptive (antibody levels via ELISA) immune
responses. The use of a well-controlled experimental design with multiple dosage groups and the
measurement of key immunological markers strengthens the validity and reliability of the findings.
However, the study has several limitations, including the lack of detailed phytochemical
characterization of the extract, the absence of lymphocyte proliferation assays, and the inability to
demonstrate significant increases in antibody production. Furthermore, the observed decrease in
immune response at higher doses underscores the need for further dose optimization and comprehensive
toxicity profiling in future research.

CONCLUSION

Overall, this study indicates that Ganyong (Canna edulis K.) tuber extract has potential as an
immunomodulator by enhancing phagocytic activity and capacity, increasing spleen weight, and
modulating leukocyte counts. However, further phytochemical investigations are necessary to identify
the specific chemical compounds responsible for these immunomodulatory effects.

Acknowledgment

We gratefully acknowledge the Biology Education Study Programme at the University of Jember for
funding this research. We also thank Mrs. Erlia Narulia for assistance with ELISA kit materials, and
Aisa Aulia and Riska from CDAST UNE]J for their valuable support throughout this study. We extend
our gratitude to all others who contributed to this research.

Conflict of Interest
The authors have no conflict of interest to declare.

Ethic Consideration

Animal welfare and experimental procedures were conducted in accordance with protocols approved
by the Ethical Committee of the Medical Research Faculty of Dentistry, University of Jember (No.
1590/UN25.8/KEPK/DL/2022, on 25-07-2022).

Funding Disclosure
None.

Author Contribution

NIIS: contributed to conceptualization, project administration, supervision, methodology, data analysis,
writing original draft, and final approval. SSAQ contributed to literature review, data validation, formal
analysis, and writing, review & editing. MPM contributed to animal handling, extract preparation, and
data curation. ML contributed to Sample collection, lab work, and assistance in leukocyte and spleen
data acquisition. EN contributed to provision of laboratory resources (ELISA kit), and manuscript
review. MP contributed to scientific consultation on immunological analysis, data interpretation, and
critical manuscript revision. AIM contributed to data visualization, and proofreading.

Data Availability
None.

Journal homepage: https://e-journal.unair.ac.id/MBIO/



120 Savira et al.: Inmunomodulatory Effects of Ganyong Tuber Extract

REFERENCES

Aliyu, M., Zohora, F., Akbar Saboor-Yaraghi, A. 2021. Spleen in innate and adaptive immunity
regulation. AIMS Allergy and Immunology, 5(1): 1-17. doi: 10.3934/Allergy.2021001.

Aziz, 1. R., Armita, D., Hajrah, H., Makmur, K. 2020. Indonesian local plant gene regulation:
Immunomodulator for COVID-19. Teknosains: Media Informasi Sains Dan Teknologi, 14(2). doi:
10.24252/teknosains.v14i2.15901.

Bakir, B. 2023. The immunomodulatory effects of ginger (Zingiber officinale) extract on CD4 and CD8
expression in spleen of diabetic rats. Namik Kemal Tip Dergisi, 11(1): 35-41. doi:
10.4274/nkmj.galenos.2023.25991.

Bayat, P., Farshchi, M., Yousefian, M., Mahmoudi, M., Yazdian-Robati, R. 2021. Flavonoids, the
compounds with anti-inflammatory and immunomodulatory properties, as promising tools in multiple
sclerosis (MS) therapy: A systematic review of preclinical evidence. International
Immunopharmacology, 95: 107562. doi: 10.1016/j.intimp.2021.107562.

Behl, T., Kumar, K., Brisc, C., Rus, M., Nistor-Cseppento, D. C., Bustea, C., Aron, R. A. C., Pantis, C.,
Zengin, G., Sehgal, A., Kaur, R., Kumar, A., Arora, S., Setia, D., Chandel, D., & Bungau, S. 2021.
Exploring the multifocal role of phytochemicals as immunomodulators. Biomedicine &
Pharmacotherapy, 133: 110959. doi: 10.1016/j.biopha.2020.110959.

Blomquist, G. J., Tittiger, C., MacLean, M., Keeling, C. I. 2021. Cytochromes P450: Terpene
detoxification and pheromone production in bark beetles. Current Opinion in Insect Science, 43: 97—
102. doi: 10.1016/j.c0is.2020.11.010.

Burhannudin, Mahmudah, N., Widyarini, S., Purnomosari, D. 2018. Chemopreventive effects of edible
canna (Canna edulis Kerr.) against colorectal carcinogenesis: Effects on expression of adenomatous
polyposis coli and inducible nitric oxide synthase in rat Inflammatory Model. Asian Pacific Journal
of Cancer Prevention : APJCP, 19(3): 839—844. doi: 10.22034/APJCP.2018.19.3.839.

Cheung, G. Y. C., Bae, J. S., Otto, M. 2021. Pathogenicity and virulence of Staphylococcus aureus.
Virulence, 12(1): 547-569. doi: 10.1080/21505594.2021.1878688.

de Jong, W., Rusli, M., Bhoelan, S., Rohde, S., Rantam, F. A., Noeryoto, P. A., Hadi, U., Gorp, E. C.
M. van, Goeijenbier, M. 2018. Endemic and emerging acute virus infections in Indonesia: An
overview of the past decade and implications for the future. Critical Reviews in Microbiology, 44(4):
487-503. doi: 10.1080/1040841X.2018.1438986.

Fan, L., Fan, Y., Liu, L., Tao, W., Shan, X., Dong, Y., Li, L., Zhang, S., Wang, H. 2018. Chelerythrine
attenuates the inflammation of lipopolysaccharide-induced acute lung inflammation through NF-xB
signaling pathway mediated by Nrf2. Frontiers in Pharmacology, 9. doi: 10.3389/fphar.2018.01047.

Haque, M. A., Jantan, 1., Arshad, L., Bukhari, S. N. A. 2017. Exploring the immunomodulatory and
anticancer properties of zerumbone. Food & Function, 8(10): 3410-3431. doi: 10.1039/C7FO00595D.

Hartati, F. K., Widjanarko, S. B., Dewanti, T., Widyaningsih, Rifa’i, M. 2017. Antioxidant activity and
immunomodulator of Indonesia black rice (Oryza sativa L. indica) extract. Journal of Global Pharma
Technology, 8(9): 176-182. Available at: http://repository.unitomo.ac.id/618/1/Fadjar Kurnia
Hartati.pdf.

IBM Corp. 2015. IBM SPSS statistics for Windows, version 23.0. Armonk, NY: IBM Corp. Available
at: https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-23.

Lee, A. S., de Lencastre, H., Garau, J., Kluytmans, J., Malhotra-Kumar, S., Peschel, A., Harbarth, S.
2018. Methicillin-resistant Staphylococcus aureus. Nature Reviews Disease Primers, 4(1): 18033. doi:
10.1038/nrdp.2018.33.

Luhurningtyas, F. P., Susilo, J.,, Yuswantina, R., Widhihastuti, E., Ardiyansah, F. W. 2021.
Immunomodulatory activity and phenol content of purified extract of red ginger rhizome (Zingiber
officinale Rosc. Var. Rubrum). Indonesian Journal of Pharmacy and Natural Product, 4(1). doi:
10.35473/ijpnp.v4i1.974.

Ministry of Health of The Republic of Indonesia. 2020. Indonesia health profile 2019. Ministry of
Health of The Republic of Indonesia. Available at: https://kemkes.go.id/id/profil-kesehatan-
indonesia-2019

Norris, P. A. A., Segel, G. B., Burack, W. R., Sachs, U. J., Lissenberg-Thunnissen, S. N., Vidarsson,
G., Bayat, B., Cserti-Gazdewich, C. M., Callum, J., Lin, Y., Branch, D., Kapur, R., Semple, J. W.,
Lazarus, A. H. 2020. FcyRI and FcyRIII on splenic macrophages mediate phagocytosis of anti-

Journal homepage: https://e-journal. unair.ac.id/MBIO/


http://www.aimspress.com/article/doi/10.3934/Allergy.2021001
http://journal.uin-alauddin.ac.id/index.php/teknosains/article/view/15901
http://journal.uin-alauddin.ac.id/index.php/teknosains/article/view/15901
https://namikkemalmedj.com/articles/doi/nkmj.galenos.2023.25991
https://namikkemalmedj.com/articles/doi/nkmj.galenos.2023.25991
https://linkinghub.elsevier.com/retrieve/pii/S1567576921001983
https://linkinghub.elsevier.com/retrieve/pii/S0753332220311513
https://linkinghub.elsevier.com/retrieve/pii/S2214574520301541
http://www.ncbi.nlm.nih.gov/pubmed/29582643
https://www.tandfonline.com/doi/full/10.1080/21505594.2021.1878688
https://www.tandfonline.com/doi/full/10.1080/1040841X.2018.1438986
https://www.frontiersin.org/article/10.3389/fphar.2018.01047/full
https://xlink.rsc.org/?DOI=C7FO00595D
http://repository.unitomo.ac.id/618/1/Fadjar%20Kurnia%20Hartati.pdf
http://repository.unitomo.ac.id/618/1/Fadjar%20Kurnia%20Hartati.pdf
https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-23
https://www.nature.com/articles/nrdp201833
https://www.nature.com/articles/nrdp201833
http://jurnal.unw.ac.id:1254/index.php/ijpnp/article/view/974
http://jurnal.unw.ac.id:1254/index.php/ijpnp/article/view/974
https://kemkes.go.id/id/profil-kesehatan-indonesia-2019
https://kemkes.go.id/id/profil-kesehatan-indonesia-2019

MBIOMI | Vol. 35 No. 2 July 2025 121

glycoprotein IIb/Illa autoantibody-opsonized platelets in immune thrombocytopenia. Haematologica,
106(1): 250-254. doi: 10.3324/haematol.2020.248385.

Oktari, K., Azizah, Z., Chandra, B., Asra, R. 2020. A review: Antioxidant and immunomodulator effects
of black garlicc EAS Journal of Pharmacy and Pharmacology, 2(6): 193-198. doi:
10.36349/easjpp.2020.v02106.001.

Pang, Z., Raudonis, R., Glick, B. R., Lin, T.J., Cheng, Z. 2019. Antibiotic resistance in Pseudomonas
aeruginosa: Mechanisms and alternative therapeutic strategies. Biotechnology Advances, 37(1): 177—
192. doi: 10.1016/j.biotechadv.2018.11.013.

Parubak, A. S. 2019. Antibacterial flavonoid compounds from akway (Drimys becariana Gibbs).
Chemistry Progress, 6(1): 34-37. doi: 10.35799/cp.6.1.2013.2069.

Pasaribu, W., Longdong, S. N. 2019. Effectiveness of water balsam leaf extract (Impatiens balsamina
L.) to enhance the non-specific immune response of nile tilapia (Oreochromis niloticus). E-Journal
Budidaya Perairan, 3(1). doi: 10.35800/bdp.3.1.2015.6939.

Prahesti, E. 2019. The effect of adding ganyong tuber puree (Canna edulis Kerr) on the organoleptic
properties of ice cream. Jurnal Tata Boga, 8(3). Available at: https://ejournal.unesa.ac.id/index.php/
jurnal-tata-boga/article/view/29702.

Praseptiangga, D., Tryas, A. A., Affandi, D. R., Atmaka, W., Ariyantoro, A. R., Minardi, S. 2018.
Physical and chemical characterization of composite flour from canna flour (Canna edulis) and lima
bean flour (Phaseolus lunatus). AIP Conference Proceedings: 030020. doi: 10.1063/1.5021213.

Pudjihastuti, 1., Sumardiono, S., Supriyo, E., Kusumayanti, H. 2018. Quality analog rice composite
flour: Modified starch, Colocasia esculenta, Canna edulis Ker high protein. 030017. doi:
10.1063/1.5042937.

Putri, V. D., Dyna, F. 2019. Standardization of ganyong (Canna edulis Kerr) as an alternative food for
diabetes mellitus patients. Jurnal Katalisator, 4(2): 111. doi: 10.22216/jk.v4i2.4567

Savira, N. I. L., Assyifa, S. S. Q., Marditianingsih, M. P., Laili, M. 2023. Phytochemical screening
extract of Canna edulis K. by using gass chromatography mass spectrometry. Buletin Penelitian
Tanaman Rempah Dan Obat, 33(2): 61. doi: 10.21082/bullittro.v33n2.2022.61-67.

Savira, N. I. I., Wahyuningsih, S. P. A., Rahmawati, D. 2021. Polysaccharide krestin activity from
Coriolus versicolor extract against phagocytosis ability on mice infected by Staphylococcus aureus.
Bioedukasi: Jurnal Biologi Dan Pembelajarannya, 19(1). doi: 10.19184/bioedu.v19i11.22139.

Sianipar, E. A. 2021. The potential of Indonesian herbal medicine as immunomodulatory agents: A
review. International Journal of Pharmaceutical Sciences and Research, 12(10): 5229-5237. doi:
10.13040/1JPSR.0975-8232.12(10).5229-37.

Sindhu, R. K., Goyal, A., Das, J., Neha, Choden, S., Kumar, P. 2021. Immunomodulatory potential of
polysaccharides derived from plants and microbes: A narrative review. Carbohydrate Polymer
Technologies and Applications, 2: 100044. doi: 10.1016/j.carpta.2021.100044.

Syahniar, R., Rayhana, R., Kharisma, D. S., Khatami, M., Duarsa, D. B. B. 2020. Methicillin-resistant
Staphylococcus aureus among clinical isolates in Indonesia: A systematic review. Biomedical and
Pharmacology Journal, 13(4): 1871-1878. doi: 10.13005/bp;j/2062.

Tanaka, T., Narazaki, M., Kishimoto, T. (2018). Interleukin (IL-6) immunotherapy. Cold Spring Harbor
Perspectives in Biology, 10(8): a028456. doi: 10.1101/cshperspect.a028456.

Trihastuty, A., Aini, S. R., Hamdin, C. D. 2019. Effect of petroleum ether extract of ara leaf (Ficus
racemosa Linn.) on the phagocytic index of mice (Mus musculus). Jurnal Ilmu Kefarmasian Indonesia,
17(2): 169—174. doi: 10.35814/jifi.v17i2.

Turner, N. A., Sharma-Kuinkel, B. K., Maskarinec, S. A., Eichenberger, E. M., Shah, P. P., Carugati,
M., Holland, T. L., Fowler, V. G. 2019. Methicillin-resistant Staphylococcus aureus: An overview of
basic and clinical research. Nature Reviews Microbiology, 17(4): 203-218. doi: 10.1038/s41579-018-
0147-4.

Wahyuningsih, S. P. A., Pramudya, M., Putri, I. P., Savira, N. . I., Winarni, D., Suhargo, L., Darmanto,
W. 2017. Okra polysaccharides improves spleen weight and B-lymphocytes proliferation in mice
infected by Staphylococcus aureus. Biosaintifika: Journal of Biology & Biology Education, 9(3): 460.
doi: 10.15294/biosaintifika.v9i3.11284.

Wahyuningsih, S. P. A., Savira, N. I. I., Darmanto, W. 2016. Effect on polysaccharide krestin from
coriolus versicolor extract on phagocytic activity and capacity of Mus musculus exposed by
Pseudomonas aeruginosa. Biosaintifika: Journal of Biology & Biology Education, 8(3): 308. doi:
10.15294/biosaintifika.v8i3.6957.

Journal homepage: https://e-journal.unair.ac.id/MBIO/


https://haematologica.org/article/view/9681
https://www.easpublisher.com/media/features_articles/EASJPP_26_193-198c_UoKDw5p.pdf
https://www.easpublisher.com/media/features_articles/EASJPP_26_193-198c_UoKDw5p.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0734975018301976
https://ejournal.unsrat.ac.id/index.php/chemprog/article/view/2069
https://ejournal.unsrat.ac.id/index.php/bdp/article/view/6939
https://ejournal.unesa.ac.id/index.php/jurnal-tata-boga/article/view/29702
https://ejournal.unesa.ac.id/index.php/jurnal-tata-boga/article/view/29702
https://pubs.aip.org/aip/acp/article/757498
https://pubs.aip.org/aip/acp/article/1030007
https://pubs.aip.org/aip/acp/article/1030007
https://www.researchgate.net/publication/336929502_Standarisasi_Ganyong_Canna_edulis_ker_Sebagai_Pangan_Alternatif_Pasien_Diabetes_Mellitus
https://ejurnal.litbang.pertanian.go.id/index.php/bultro/article/view/15001
https://bioedukasi.jurnal.unej.ac.id/index.php/BIOED/article/view/22139
https://ijpsr.com/bft-article/the-potential-of-indonesian-traditional-herbal-medicine-as-immunomodulatory-agents-a-review/
https://ijpsr.com/bft-article/the-potential-of-indonesian-traditional-herbal-medicine-as-immunomodulatory-agents-a-review/
https://linkinghub.elsevier.com/retrieve/pii/S2666893921000128
https://biomedpharmajournal.org/vol13no4/methicillin-resistant-staphylococcus-aureus-among-clinical-isolates-in-indonesia-a-systematic-review/
http://cshperspectives.cshlp.org/lookup/doi/10.1101/cshperspect.a028456
https://www.researchgate.net/publication/336994315_Efek_Ekstrak_Petroleum_Eter_Daun_Ara_Ficus_racemosa_Linn_pada_Indeks_Fagositosis_Mencit_Mus_musculus_Eff_ect_of_Petroleum_Ether_Ara's_Leaf_Extract_Ficus_racemosa_Linn_on_Phagocytic_Index_of_Mice_Mus_m
https://www.nature.com/articles/s41579-018-0147-4
https://www.nature.com/articles/s41579-018-0147-4
https://journal.unnes.ac.id/nju/index.php/biosaintifika/article/view/11284
http://journal.unnes.ac.id/nju/index.php/biosaintifika/article/view/6957
http://journal.unnes.ac.id/nju/index.php/biosaintifika/article/view/6957

122 Savira et al.: Inmunomodulatory Effects of Ganyong Tuber Extract

Yang, W., Chen, X, Li, Y., Guo, S., Wang, Z., Yu, X. 2020. Advances in pharmacological activities of
terpenoids. Natural Product Communications, 15(3). doi: 10.1177/1934578X20903555.

Zhang, C., Ma, S., Wu, J,, Luo, L., Qiao, S., Li, R., Xu, W., Wang, N., Zhao, B., Wang, X., Zhang, Y.,
Wang, X. 2020. A specific gut microbiota and metabolomic profiles shifts related to antidiabetic
action: The similar and complementary antidiabetic properties of type 3 resistant starch from Canna
edulis and metformin. Pharmacological Research, 159: 104985. doi: 10.1016/j.phrs.2020.104985.

Journal homepage: https://e-journal. unair.ac.id/MBIO/


https://journals.sagepub.com/doi/10.1177/1934578X20903555
https://linkinghub.elsevier.com/retrieve/pii/S1043661820312937

