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Nanogmug; ' affecting around 25 million people. Nanocarrier-based drug delivery systems

Nanoencapsulated show promise in improving diabetes management by enhancing bioavailability
and sustaining drug release. This study tested the effectiveness of a nano drug
delivery system using nanoencapsulation of Etlingera elatior extractin T2DM
therapy. Etlingera elatior contains flavonoids, polyphenols, saponins, and
alkaloids, which exhibit significant antihyperglycemic properties.
Nanoencapsulation with biodegradable polymers improves stability and
controlled release of bioactive compounds. Using a qualitative document
study, data sourced from Google Scholar and Publish or Perish with a range of
2015-2024 were analyzed through NVivo 12 Pro software for MacBook Pro.
The findings showed that Etlingera elatior effectively lowered blood glucose,
improved insulin sensitivity, and protected B-cells, while nanoencapsulation
optimized bioavailability. Thus, nanoencapsulation of Etlingera -elatior
represents a promising innovation for diabetes management, potentially
improving glucose control and patient outcomes in Indonesia.
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INTRODUCTION

The International Diabetes Federation (IDF) reports that the prevalence of Type 2
Diabetes Mellitus (T2DM) worldwide is estimated at 537 million, of which 9.3% of people aged
20-79 years in 2021 and about 747,000 people died in 20211. The prevalence of T2DM is
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expected to increase with age to 19.9% or 111.2 million people aged 65-79 years2. The number is
expected to increase to 643 million people in 2030 and 783 million people in 20453. In
Indonesia, the Basic Health Research (Riskesdas) reported the prevalence of T2DM to be around
9.1% or 25 million people in 20234. The data on the increase in T2DM mainly occurs due to an
increase in blood glucose levels (hyperglycemia) in patients, so it is necessary to improve disease
management of type 2 diabetes mellitus>.

The management of T2DM generally involves the administration of synthetic antidiabetics
such as metformin which serves as one of the main methods to treat elevated sugar levels in the
bodys. However, the use of synthetic antidiabetics has several side effects such as severe
hypoglycemia, liver disorders, kidney damage and lactic acidosis, which are often caused by
improper dosage, interactions with other drugs, and underlying medical conditions?. In addition,
reinforced by research by Hutahean, (2020) reported that the available synthetic anti-diabetes
treatment can be said to be quite expensive, and also the treatment of diabetes mellitus requires
long-term therapy8. From these problems, some people turn more to non-medical (herbal)
therapy as a complementary therapy to antidiabetic drugs®. Research by Dewi et al., (2024)
reported that there was a significant relationship between the provision of complementary
therapy in the form of herbal extract supplementation in reducing blood sugar levels in diabetic
patients with a value of p=0.000 (p<0.05)!1. Seeing the number of people who turn to non-medical
treatment, it is necessary to optimize the use of plants that contain medicinal compounds.

One of the herbal plants utilized by the Indonesian people is kecombrang (Etlingera elatior
). Choiriyah, (2020) reported that ethanol extract of kecombrang flowers can be used as an
antihyperglycemic by inhibiting a-glucosidase enzyme and a-amylase enzyme so that it can delay
carbohydrate absorption and reduce sugar absorption after eating so that it plays a role in
reducing blood glucose levels. Ethanol extract of kecombrang flowers at a dose of 25ul/ml is more
effective in lowering blood glucose than akarbosa!3. Research by Aritonang, Farabi and
Puspodewi, (2023) reported that there was a significant decrease in blood glucose after giving
kecombrang flower extract to test animals with a test group with a dose of 100mg/Kg BB showing
the highest decrease with a percentage of 59.52% with a value of p <0.0514.

Several studies have reported that kecombrang content has bioactive compounds that can
contribute to glucose control!s. The utilization of kecombrang extract is still limited and the lack
of research that explores its maximum potential use, especially in the context of hyperglycemiate.
The mechanism of action of the bioactive components in kecombrang cannot work optimally in
the digestive tract because these bioactives have characteristics such as low solubility, rapid
degradation, low bioavailability, and are quickly damaged by the influence of the digestive tract

environment so that they must be protected with polymer stabilizers that can protect these
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bioactive components!’. Thus, nano drug design innovated in the form of nanoencapsulation
containing kecombrang (Etlingera elatior ) extract is expected to be an alternative solution and
breakthrough in improving therapeutic properties, reducing morbidity, and having high efficacys.
Based on the background description above, the authors are interested in conducting research on
“Effectiveness of Nanoencapsulated Etlingera elatior Extract as Antihyperglycemia Therapy in

Type 2 Diabetes Mellitus: Literature Review”.

METHOD

The research employed a qualitative method using coding techniques, supported by NVivo
12 software. A literature review approach was applied, focusing on studies published between
2015 and 2024, particularly those related to nanoencapsulation formulation to support the
development of conceptual ideas. The research process was carried out in several stages. First, a
literature search was conducted using the Publish or Perish software and Google Scholar, with
keywords including kecombrang, type 2 diabetes mellitus (DMTZ2), and nanoencapsulation. Second,
nodes were created to form thematic structures; this was done manually by thoroughly reading
each selected article and summarizing its content in alignment with the research problem. Finally,
a concept map was constructed to visualize the relationships among emerging themes and to
support further analysis. After determining the nodes in the formation of themes, researchers can
visualize the results of research based on the themes that have been made. The concept map in

this study is listed in Figure 6.

LITERATURE REVIEW
Diabetes Mellitus Type 2

Type 2 Diabetes Mellitus (T2DM) is one of the most common metabolic disorders
worldwide. Diabetes is the parent of other diseases such as hypertension, heart stroke, kidney
failure, therefore it is known as the mother of disease. T2DM is a chronic metabolic and
inflammatory disease accompanied by hyperglycemia, insulin secretion dysfunction, and insulin
resistance. T2DM is a manifestation of metabolic disorders with symptoms of dyslipidemia,
hypertension, and obesity. This disease is called non-insulin dependent diabetes mellitus (NIDDM)
because insulin work is less effective. Antihyperglycemia is a treatment that is very much needed
for diabetes sufferers, it is known that the cost of treatment is getting higher, so it is recommended
to use herbs as an alternative treatment. One of the promising herbs is torch ginger extract
(Etlingera elatior ), which has been shown to have antihyperglycemic properties through various

mechanisms, including reducing insulin resistance and regulating glucose metabolism. The use of
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torch ginger as an additional therapy can provide significant benefits for patients with type 2
diabetes mellitus, which is reinforced by research by Aritonang, Farabi and Puspodewi, (2023)
reporting that administration of torch ginger flower extract has the potential to lower blood
glucose with a p value<0.051%. However, the bioavailability of active compounds in torch ginger
extract is often low, so nanoencapsulation is a promising strategy to increase therapeutic
effectiveness. Nanoencapsulation can increase the stability and solubility of bioactive compounds,
as well as encourage controlled release in the body, so that torch ginger extract can protect against
degradation and increase absorption in the digestive tract, which can increase the concentration

of active compounds and reach systemic circulation 19.

Kecombrang

Kecombrang (Etlingera elatior ) is often called torch ginger because the shape of the flower
resembles a torch and its color is red, included in the Zingiberaceae family. Research conducted
on flowers, stems, rhizomes, and leaves of kecombrang shows that there are phytochemical
compounds of alkaloids, saponins, tannins, phenolics, flavonoids, triterpenoids, steroids, and
glycosides that play an active role as antibacterials and antioxidants2?. In addition, Kecombrang is
known to have pharmacological effects as antihypertensive, antioxidant, antitumor, anticytotoxic,

anticancer, antiaging, larvicidal and antihyperglycemic?1.

Flavonoid

Antihyperglycemia from ethanol extract of kecombrang flowers is due to the presence of
secondary metabolite compounds such as flavonoids (Figure 2.). There are several flavonoids in
kecombrang that function as antihyperglycemic, namely quercetin (Figure 3), kaempferol (Figure
4), and kaempferol-3-0-glucosidase (Figure 5). The mechanism of action of flavonoids that can be
used as antihyperglycemic is by inhibiting the enzyme glucosidase or amylase which causes the
absorption of carbohydrates and sugar after eating to be delayed so that blood glucose uptake is
reduced. Another mechanism of flavonoids playing a role in lowering blood sugar levels is by
inhibiting phosphodiesterase (PDE), which causes an increase in cAMP (Cyclic Adenosine
Monophosphate) levels in pancreatic beta cells22.

Flavonoids have protective properties on pancreatic beta cell damage as insulin producers
and can increase insulin sensitivity. This will stimulate insulin secretion through the Ca pathway
and increase cAMP will close the K + ATP channel in the beta cell plasma membrane. Then the
membrane depolarization occurs and the Ca channel will open so that Ca 2+ ions enter the cell
and insulin secretion by pancreatic beta cells will occur. The study reported that flavonoid

consumption ata dose of + 25 pl/ml showed significant results in reducing blood sugar levels with
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a p value of <0.0523,

OH O

Figure 3. Structure of kaempferol compound Figure 4. Compound structure of kaempferol-3-
O-glucosidase

Chlorogenic Acid
The content of secondary metabolite compounds in kecombrang leaves is dominated by

chlorogenic acid compounds. Chlorogenic acid (CGA) compounds contained in kecombrang
(Etlingera elatior) extract have shown potential as antihyperglycemia agents in patients with type
2 diabetes mellitus (T2DM). The content of chlorogenic acid secondary metabolite compounds
plays a role in glucose metabolism by improving cellular mechanisms related to glucose uptake
into cells that inhibit the activity of alpha-glucosidase enzymes, increase the concentration of
Glucose-Dependent Insulinotropic Peptide (GIP), and activate AMP-activated Protein Kinase
(AMPK)18. This results in the expression and translocation of GLUT-4 which can increase glucose
uptake in peripheral tissues and can also inhibit hepatic glucose 6-phosphatase activity so that

glucogenesis in the liver decreases2+.
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Figure 5. Chlorogenic acid (CGA) compound structure
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Figure 6. NVivo Analysis Code Nanoencapsulation article review

The research report showed that kecombrang nanoencapsulated had an antioxidant activity
level of up to 32.165% which is close to 50% of the total measurement based on IC50 25. From the
total phenolics, it was also explained that nanoencapsulation was able to keep the total phenolics
between the range of 216.21 to 289.86mg/100g. Determination of total phenolics can help in new
drug development and drug standardization. The size of nanoparticles also varies, it can be
determined in the reference article, namely (<1000nm) including the range 134.7-193.1 nm
because it can maintain the stability of phenol compounds contained in processed herbal plants?2s.
In addition, it is also reinforced in the research of Zubaydah et al. (2023) that particle sizes of 14.56
and 13.8 nm can also be done, because the droplet size in the <100n range will be
thermodynamically stable so that the absorption and biovailablity of herbal compounds increases.
The nano size of 312.7nm in the study of Wahjuni et al. (2024) with a reference nano size of 200
to 300 nm is also considered suitable for passing through glomerular filtration?’.

Encapsulation is a process in which small particles of material are encapsulated in a wall
material to form a capsule?8. Encapsulation methods were developed to protect bioactive
components (polyphenols, micronutrients, enzymes, and antioxidants) from adverse
environments so as to control release at the desired target??. Nanoencapsulation is defined as a
technology that encapsulates or encapsulates a substrate in miniature and refers to an active
compound surrounded by a polymer membrane as a wall to protect the active compound.
Nanoencapsulation is carried out through the formation of 1-1000 nm particles with active
ingredients inside30. In drug delivery systems, nanoencapsulation acts as a carrier by dissolving,
enveloping, encapsulating, or attaching drugs in their matrix. Nanoencapsulation has many
functions, one of which is to deliver functional materials to reach the desired location. The
principle of making nanoencapsulation with this method is the occurrence of ionic interactions
between the positively charged amine groups in chitosan and the negatively charged polyanions.

Nanoencapsulation technology is made by an ionotropic gelation process between the negative
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charge of sodium tripolyphosphate (STPP) and the positive charge of the amine groups in
chitosan3l. There are several nanoencapsulation manufacturing techniques that can be carried
out, including: emulsification method, coacervation, inclusion complex, two-step desolvation,
nanoprecipitation, and supercritical fluid method. Nanoencapsulation can improve the stability
and solubility of bioactive compounds, as well as facilitate controlled release in the body, so that
the kecombrang extract can be protected from degradation and increase absorption in the

digestive tract, which can increase the concentration of active compounds and reach systemic

circulation?®,
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Figure 7. nanoencapsulation manufacturing technique using emulsification method

CONCLUSION

Based on the reviewed literature, Etlingera elatior extract exhibits significant potential as
an antihyperglycemic agent, primarily due to its rich profile of bioactive compounds and its ability
to modulate key pathways in glucose metabolism. The application of nanoencapsulation
technology not only enhances the extract’s physicochemical stability but also improves its
gastrointestinal absorption and overall bioavailability. These findings indicate that Etlingera
elatior could serve as a promising complementary therapeutic strategy for the management of
type 2 diabetes. However, to fully realize its clinical potential, future research should focus on
optimizing nanoformulation parameters, conducting comprehensive in vivo studies, and initiating

well-designed clinical trials to assess safety, efficacy, and long-term benefits in human populations

specialized as a complementary therapy in diabetes care.

A Literature Review on the Antihyperglycemic Effect of Nanoencapsulated Etlingera elatior
Extract in Type 2 Diabetes Mellitus (Elok Salsabiella) 61



ADM] Vol 6. No.1 May 2025 p. 55-63

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

62

IDF Diabetes Atlas. IDF Diabetes Atlas 2021 _IDF Diabetes Atlas. IDF official website. Published 2021.
https://diabetesatlas.org/atlas/tenth-edition/%0Ahttps://diabetesatlas.org/data/en/world/

Care D, Suppl SS. Diagnosis and Classification of Diabetes: Standards of Care in Diabetes—2024.
Diabetes Care. 2024;47(January):S20-S42. doi:10.2337/dc24-S002

Sippel A, Riemann-Lorenz K, Scheiderbauer ], et al. Patients experiences with multiple sclerosis
disease-modifying therapies in daily life - a qualitative interview study. BMC Health Serv Res.
2021;21(1):1-12. doi:10.1186/s12913-021-07012-z

Kemenkes RI. Ditjen P2P Laporan Kinerja Semester I Tahun 2023. kemenkes RI. Published online
2023:1-134.  https://p2p.kemkes.go.id/wp-content/uploads/2023/08/Final-LAKIP-Ditjen-P2P-
Semester-1-Tahun-2023.pdf

Chang YT, Tu YZ, Chiou HY, Lai K, Yu NC. Real-world Benefits of Diabetes Management App Use and
Self-monitoring of Blood Glucose on Glycemic Control: Retrospective Analyses. JMIR mHealth
uHealth.2022;10(6). doi:10.2196/31764

Zumaidar Z, Asmilia N, Saudah S, Husnah M. In Vitro Alpha-Glucosidase Inhibitory Effect of Etlingera
elatior Ethanol Extract Growing in Gayo Highland, Aceh Province, Indonesia. F1000Research.
2024;13:489. doi:10.12688/f1000research.149029.2

Doloking H, Mukhriani, Rima Amalia, Andri Anugrah Pratama. Antioxidant Activity Study of Zingiber
Zerumbet Rhizome Extract and Fraction. Ad-Dawaa’ ] Pharm Sci. 2022;5(2):120-129.
doi:10.24252/djps.v5i2.37351

Hutahean H. Drug-related problem (DRP) use of oral antidiabetics and insulin in patients with
diabetes mellitus type Il hospitalised at RSU Royal Prima Medan. Juornal Econ Strateg. 2020;1(1):1-
10.

Shen S, Zhong H, Zhou X, et al. Advances in Traditional Chinese Medicine research in diabetic kidney
disease treatment. Pharm Biol. 2024;62(1):222-232. doi:10.1080,/13880209.2024.2314705

Dewi RW, Sukesih, Jauhar M, Eswanti N, Alfiatur F, Rohmaniah. Terapi Komplementer Menurunkan
Kadar Gula Darah Pada Diabetesi. 2024;(August). doi:10.26751/jikk.v

Gregg EW, Buckley ], Ali MK, et al. Improving health outcomes of people with diabetes: target setting
for the WHO Global Diabetes Compact. Lancet. 2023;401(10384):1302-1312. doi:10.1016/S0140-
6736(23)00001-6

Choiriyah NA. Kandungan Antioksidan Pada Berbagai Bunga Edible Di Indonesia. AGRISAINTIFIKA |
IImu-Ilmu Pertan. 2020;4(2):136. doi:10.32585/ags.v4i2.892

IJOCE E of. Editorial Team. Int | Offshore Coast Engineeing. 2020;4(2). doi:10.12962/j2580-
0914.v4i2.9304

Aritonang Y, Meka Faizal Farabi, Dini Puspodewi. Efektivitas Kombinasi Ekstrak Bunga Kecombrang
(Etlingera elatior ) Dan Ekstrak Jahe (Zingiber officinale) Terhadap Penurunan Glukosa Darah Pada
Mencit Jantan Yang Diinduksi Aloksan. J Kesehat. 2023;16(3):247-254. do0i:10.23917 /jk.v16i3.2322
Rini ITT. Uji Efektivitas Lima Tumbuhan Hutan Penelitian Borneo Sebagai Antimikrobial Dan
Antioksidan Alami. Skripsi, Univ Borneo Tarakan. Published online 2020.
https://repository.ubt.ac.id/repository/UBT09-08-2022-093621.pdf

Noordin L, Ahmad WANW, Nor NAM, Bakar NHA, Ugusman A. Etlingera elatior Flower Aqueous
Extract Protects against Oxidative Stress-Induced Nephropathy in a Rat Model of Type 2 Diabetes.
Evidence-based Complement Altern Med. 2022;2022. doi:10.1155/2022 /2814196

Eni Susilawati, Budi P. Soewondo. Pengaruh Nanoenkapsulasi pada Aktivitas Senyawa yang
Berpotensi sebagai Antioksidan. J Ris Farm. Published online 2022:1-8. d0i:10.29313/jrf.v2i1.692
Nor NAM, Noordin L, Bakar NHA, Ahmad WANW. Evaluation of antidiabetic activities of Etlingera
elatior flower aqueous extract in vitro and in vivo. J Appl Pharm Sci. 2020;10(8):43-51.
doi:10.7324/JAPS.2020.10805

Alshahrani JA, Alshahrani AS, Alshahrani AM, Alshalaan AM, Alhumam MN, Alshahrani NZ. The
Impact of Diabetes Mellitus Duration and Complications on Health-Related Quality of Life Among
Type 2 Diabetic Patients in Khamis Mushit City, Saudi Arabia. Cureus. 2023;15(8):2-10.
d0i:10.7759/cureus.44216

Endriyatno NC, Walid M, Nurani K, Ulfiani RE. Penentuan Nilai SPF Ekstrak Bunga Kecombrang
(Etlingera elatior ) Secara In Vitro. Indones ] Pharm Educ. 2024;4(2):286-295.
doi:10.37311/ijpe.v4i2.26846

E-ISSN 2774-3837



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

ADM] Vol 6. No.1 May 2025 p. 55-63

Simorangkir DM, Linta Meliala, Masria Sianipar, Evi Depiana, Ella Pratiwi. Formulation Combination
Of Kecombrang (Etlingera elatior ) Leaf Extract And Papaya Leaves (Carica papaya L.) As
Antidiabetes. ] Farm. 2024;6(2):99-105. doi:10.35451/jfm.v6i2.1935

Bogoriani NW, Ariati K, Pratiwi IGAPE. Potency of Balinese Kecombrang (Etlingeraelatior) Extract
As Antioxidant Against the Activity of Superoxide Dismutase (SOD), Glutathione (GSH) and Fatty
liver in Obese rats. Biomed Pharmacol J. 2022;15(1):337-344. doi:10.13005/bpj/2372

Lam TP, Tran NVN, Pham LHD, et al. Flavonoids as dual-target inhibitors against a-glucosidase and
a-amylase: a systematic review of in vitro studies. Nat Products Bioprospect. 2024;14(1).
doi:10.1007/s13659-023-00424-w

Utara IS, Pustaka T, Lutfiyah F, et al. Daun Kecombrang (Etlingera elatior ) Sebagai Antihperglikemi
Pada Penderita Diabetes Mellitus. 2025;24(1):140-146.

Kumari V, Bajpai M. Formulation and Characterization of Emulgel Lornoxicam Containing Lemon
Grass Oil as Penetration Enhancer. Int Proc Chem Biol Environ Eng. 2024;51(9):6.
doi:10.7763/IPCBEE

Lestari T, Nofianti T, Tuslinah L, Ruswanto R, Adityas F. Karakterisasi Nanopartikel Ekstrak Bunga
Kecombrang dengan Penambahan Poloksamer. Talent Conf Ser Trop Med. 2018;1(3):121-124.
doi:10.32734 /tm.v1i3.275

Wahjuni S, Bogoriani NW, Puspawati NM, Manuaba IBP, Fudholi A. Encapsulation of Kecombrang
(Etlingera elatior ) Flowers Extract Using the Ionic Gelation Method. Int | Des Nat Ecodynamics.
2024;19(1):337-342. d0i:10.18280/ijdne.190137

Cauduro VH, Cui ], Flores EMM, Ashokkumar M. Ultrasound-Assisted Encapsulation of
Phytochemicals for Food Applications: A Review. Foods. 2023;12(20). doi:10.3390/foods12203859
Rahim MA, Shoukat A, Khalid W, et al. A Narrative Review on Various Oil Extraction Methods,
Encapsulation Processes, Fatty Acid Profiles, Oxidative Stability, and Medicinal Properties of Black
Seed (Nigella sativa). Foods. 2022;11(18). doi:10.3390/foods11182826

Lopez-Royo T, Sebastian V, Moreno-Martinez L, et al. Encapsulation of large-size plasmids in PLGA
nanoparticles for gene editing: Comparison of three different synthesis methods. Nanomaterials.
2021;11(10). d0i:10.3390/nano11102723

Kim ES, Baek Y, Yoo HJ, Lee |JS, Lee HG. Chitosan-Tripolyphosphate Nanoparticles Prepared by lonic
Gelation Improve the Antioxidant Activities of Astaxanthin in the In Vitro and In Vivo Model.
Antioxidants. 2022;11(3). doi:10.3390/antiox11030479

A Literature Review on the Antihyperglycemic Effect of Nanoencapsulated Etlingera elatior
Extract in Type 2 Diabetes Mellitus (Elok Salsabiella) 63



