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ABSTRACT 

Diabetes mellitus is a major metabolic disorder characterized by chronic hyperglycemia and remains a significant 

global health challenge. Tuber plants are rich in bioactive compounds and have attracted increasing attention as 

potential natural antidiabetic agents. This review aimed to summarize the antidiabetic potential of tuber plants 

and the mechanisms of action of their bioactive compounds based on recent scientific evidence. A literature review 

was conducted by searching articles published between 2016 and 2026 in Google Scholar, PubMed, and other 

relevant scientific databases using the keywords tuber plants, diabetes mellitus, antidiabetic activity, and 

phytochemicals. Original research articles and review papers discussing the antidiabetic effects of tuber plants 

were included, while studies unrelated to diabetes or lacking sufficient scientific evidence were excluded. The 

reviewed studies indicate that tuber plants contain bioactive compounds, including flavonoids, tannins, terpenoids, 

alkaloids, and scopoletin, which exhibit antidiabetic effects through multiple mechanisms, such as enhancing 

insulin secretion, improving insulin sensitivity, inhibiting carbohydrate-digesting enzymes, reducing oxidative 

stress, and protecting pancreatic β-cells. These findings suggest that tuber plants have promising potential as 

complementary natural agents for diabetes mellitus management. However, further clinical studies are required 

to confirm their efficacy and safety in humans. 
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1. INTRODUCTION 

Indonesia is a country located on the equator or equator line. Therefore, Indonesia has 

abundant natural resources with fertile soil conditions, and it is easy to plant any plants. 

Indonesia's tropical climate supports the existence of flora in Indonesia to grow with various 

types that support the survival of other living things, including humans (Firdaus et al., 2022). 

Plants from Indonesian nature have a variety of potentials to support the welfare of life, one 

of which is as a traditional food ingredient that has a high potential to be developed as 

functional food but has not been maximally utilized. Functional food is food that contains 
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high nutritional content and provides health benefits due to the active content contained in 

the food (Andrias et al., 2019; Hati et al., 2025). 

In Indonesia, the dominant staple food consumed by the community is rice. However, 

the price of rice is quite high, with information obtained that family expenditure on the rice 

commodity is quite large with details of low-income family expenditure 70% is used for 

food, and 34% is allocated to buy rice as a staple food (Hanisah et al., 2022). Carbohydrates 

are the basic needs of the Indonesian people, with most of the population utilizing rice as the 

main source of carbohydrates. At the same time, there are still many other sources of 

carbohydrates besides rice that can provide carbohydrates as staple foods such as tubers, 

nuts, food crops such as sago and breadfruit (multipurpose tree species) that can support 

national food security (Hasanah et al. 2014). This can be caused by the unfamiliarity of 

knowledge and information received by the community on the potential of tubers and others 

in supporting food security and other potentials in realizing people's welfare. Tubers are 

plants often found and used as food crops with high carbohydrates. In addition to food 

potential, tubers also have various medical potentials due to the phytochemical content 

contained therein (Rinaldo, 2022). 

Along with the times, the human lifestyle is also increasingly problematic regarding 

food. People tend to want everything in their lives quickly and instantly. This also happens 

regarding food, where humans tend to consume fast food. Fast food can cause triglyceride 

retention in adipose tissue, increasing body weight (obesity) (Nelson et al, 2017). In addition, 

fast food consumption based on research conducted by (Dominguez et al., 2014) that it is 

known that there is an influence between the consumption of fast food and soft drinks on the 

incidence of gestational diabetes with a large risk that routine consumption of these types of 

foods and drinks is 2.13 times more at risk of suffering from diabetes mellitus. According to 

research by Kumar et al. (2023) when the body cannot produce enough insulin, it will cause 

the accumulation of sugar (glucose) levels to increase in the blood and have high 

consequences on the kidneys. Insufficient insulin resistance and high levels of sugar entering 

through food intake through food and food affect glucose transporters in the kidneys. 

Consumption of canned drinks (soft drinks) causes an increase in blood sugar levels. It 

increases the risk of type 2 diabetes mellitus, which can also be triggered by a family history 

of type 2 diabetes mellitus (Torres-Ibarra et al., 2020).  

Based on food problems and people's lifestyles, that are far from healthy habits. This 

needs special attention, one of which is by disseminating information on alternative foods 
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other than rice in maintaining food security and providing information on the medical 

potential of foods found in Indonesia where this article will discuss "The potential of tubers 

found in Indonesia as functional and medical foods and their relationship with hormone-

immune regulation against diabetes mellitus" due to unhealthy dietary changes. The purpose 

of preparing this review article is to provide information related to the potential of tubers 

found in Indonesia in supporting food security and information on the medical effects as a 

guardian of the body's condition from unhealthy lifestyle habits. 

 

2. MATERIALS AND METHODS 

This review article was conducted using a literature review approach by systematically 

collecting, evaluating, and analyzing relevant scientific publications related to Indonesian 

tuberous plants, functional foods, hormone–immune regulation, secondary metabolites, 

antidiabetic activity, and diabetes mellitus. Literature sources were obtained from several 

electronic databases, including Google Scholar, PubMed, ScienceDirect, and SCIRP. The 

reviewed articles were limited to publications published between 2016 and 2026 to ensure 

the inclusion of recent, relevant, and up-to-date findings. The selected literature consisted of 

original research articles, review articles, and scientific reports that specifically discussed 

the therapeutic potential of Indonesian tuberous plants in the management of diabetes 

mellitus through hormonal, immunological, and metabolic mechanisms. Inclusion criteria 

comprised studies investigating bioactive compounds, antioxidant activity, 

immunomodulatory effects, gut microbiota modulation, or glucose metabolism associated 

with Indonesian tuberous plants. Articles lacking full-text access, duplicate publications, or 

studies not directly related to the research topic were excluded from the review process. 

 

3. RESULTS AND DISCUSSION 

3.1 Diabetes Mellitus 

Diabetes mellitus is a metabolic disease characterized by chronic hyperglycemia, a 

long-term increase in blood sugar levels, and metabolic disorders, especially carbohydrates 

in the body, caused by abnormalities in insulin secretion, insulin action or both (Schuster & 

Duvuuri, 2002; Ningrum et al., 2017). Diabetes mellitus is divided into two main types: type 

1 diabetes mellitus and type 2 diabetes mellitus. Type 1 diabetes mellitus is a disease 

characterized by pancreatic β-cell damage, while type 2 diabetes mellitus is characterized by 
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dysfunctional pancreatic β-cells and insulin resistance (Aguayo-Mazzucato and Bonner-

Weir, 2018) 

3.2 Hormone Regulation as Blood Sugar Level Regulator 

3.2.1 Insulin Hormone 

Insulin is a hormone that plays an important role in regulating glucose metabolism in 

the body produced by beta cells of the pancreas gland. Under normal circumstances, when 

beta cells are stimulated, insulin is synthesized and then secreted into the blood as needed 

by the body for blood glucose regulation (Fu et al., 2013; Hasanah, 2013). 

Insulin secretion is the process of insulin production involving the microfilament 

microtubule system in beta cells in the islets of Langerhans that requires energy. Some 

intermediates also help the release of insulin. It is known that there are several stages in the 

process of insulin secretion after stimulation by glucose molecules. The first stage is the 

glucose passing through the cell membrane with the help of glucose transporter (GLUT), an 

amino acid compound found in various cells that plays a role in transporting glucose to enter 

the body tissues in the process of glucose metabolism. Glucose transporter 2 (GLUT2) found 

in beta cells, for example, is needed in the glucose entry from the blood through the 

membrane into the cell. In this process, glucose molecules will undergo the process of 

glycolysis and phosphorylation in the cell and then liberate ATP molecules (Hasanah, 2013). 

The hormone insulin plays a role in the regulation of the formation of glucose content 

in the blood. A lack of insulin hormone will cause high blood glucose levels 

(hyperglycemia), and excess insulin can cause glucose levels too low (hypoglycemia) 

(Hasanah, 2013). 

3.2.2 Glucagon Hormone 

Glucagon is a hormone released from the alpha cells of the islets of Langerhans in the 

pancreas when blood glucose levels drop. Glucagon plays an important role in glucose 

homeostasis in the body through glycogenolysis (breakdown of liver glycogen) and 

gluconeogenesis (formation of glucose from fat and protein). In diabetics, there is 

inappropriate glucagon secretion, and glucagon fails to restore blood sugar levels to normal 

limits, resulting in severe hypoglycemia (Wendt & Eliasson, 2022). 

3.3 Tuber Plants with Potential as Anti-diabetes 

Based on Table 1, it is known that tubers found in Indonesia have the potential to 

protect against diabetes. This potential is due to the content of soluble fiber, polysaccharides 

and secondary metabolite compounds such as flavonoids, saponins, tannins, terpenoids, 
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scopoletin and others that act as antidiabetics. Flavonoid compounds regulate the activity of 

enzymes involved in the metabolic process of carbohydrates and neutralize free radicals that 

allow damage to pancreatic β-cells that play a role in insulin secretion. In addition, the 

antidiabetic properties of flavonoids are also shown by activating the cAMP signal cascade, 

which increases insulin secretion ability. Therefore, flavonoids can improve pancreatic β-

cell function and help stimulate insulin secretion to reduce the risk of diabetes (Babu et al. 

2013; Ghorbani et al., 2019) 

In addition, terpenoid content in tubers can also act as an antidiabetic by acting as an 

insulin sensitizer that increases glucose uptake and stimulates the performance of pancreatic 

β-cells in secreting insulin (Ardalani et al. 2021; Song et al., 2022). In contrast, the scopoletin 

content contained in root crops can activate AMPK, a pathway that mediates glucose uptake. 

Activation of AMPK can stimulate GLUT4 translocation to the cell surface and increase 

glucose absorption (Jang et al., 2019). 

3.4 Mechanisms of Action of Bioactive Compounds in Tuber Plants as Antidiabetic 

Agents 

The antidiabetic potential of tuber plants is attributed to various bioactive compounds, 

including flavonoids, tannins, terpenoids, alkaloids, saponins, polysaccharides, and 

scopoletin. These compounds exert hypoglycemic effects through different but 

complementary mechanisms that contribute to glucose homeostasis and pancreatic β-cell 

protection. 

3.4.1 Flavonoids 

Flavonoids are the most widely reported phytochemicals in tuber plants with 

antidiabetic activity. They regulate carbohydrate metabolism by inhibiting α-amylase and α-

glucosidase, thereby delaying carbohydrate digestion and reducing postprandial blood 

glucose levels. Flavonoids also stimulate insulin secretion through activation of the cyclic 

adenosine monophosphate (cAMP) signaling pathway and improve insulin sensitivity by 

activating the PI3K/Akt signaling pathway, which promotes GLUT4 translocation and 

glucose uptake in skeletal muscle and adipose tissue. Furthermore, their antioxidant 

properties reduce oxidative stress and protect pancreatic β-cells from damage caused by 

reactive oxygen species (Proença et al., 2021). 
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Table 1. Tuber candidates with potential as antidiabetics 

Plant Name (Tuber) Ingredients/Compounds involved Mechanism of Action References 

Uwi banggai (Dioscorea alata 

L.) 

Flavonoids, Triterpenoid saponins, 

Tannins, Steroids, Alkaloids, 

Terpenoids 

Regulates the activity of carbohydrate metabolism 

enzymes, is an antioxidant, improves the function 

of β-pancreatic cells, stimulates insulin secretion, 

increases glucose absorption, acts as an insulin 

sensitizer, stimulates insulin production, 

regenerates damaged β-pancreatic cells, and 

improves glucose tolerance. 

Khaerati et al., 2020; 

Makiyah et al., 2022 

Suweg tubers (Amorphophallus 

campanulatus) 

Dietary fiber and water-soluble 

polysaccharides 

Supports the body's homeostasis process, 

regulating carbohydrate and lipid metabolism 

Lianah et al., 2018 

White Bulbs (Colocasia 

esculenta L. Schott) 

Water soluble polysaccharides, 

dioscerin, diosgenin 

Acts as an antioxidant, hydrolyzes complex 

carbohydrates, maintains and repairs pancreatic β-

cell damage 

Raharjo, 2018 

Bidara upas (Merremia 

mammosa) 

Flavonoids Accelerates healing of hyperglycemia Wulandari et al., 2021 

Cassava (Manihot esculenta) 

and Sweet Potato (Ipomoea 

batatas) 

Scopoletin, anthocyanins Activating PI3K and AMPK signaling pathways 

and improving insulin sensitivity in 3T3-L1 cells, 

lowering blood sugar, inhibiting free radical 

production, increasing insulin secretion, and 

preventing insulin resistance 

 

Jang et al., 2019  

Bulbs of Elephant Foot Sweet 

Potato (Amorphophallus 

paeoniifolius) 

Steroids, flavonoids, alkaloids, 

sterols, terpenoids,  

pancreatic β-cell regeneration Rahman et al., 2021 

Kuzdu root (Pueraria montana) Isoflavones stimulates pancreatic β-cell regeneration Duru et al., 2020 

Satoimo tubers (Colocasia 

esculenta var. Antiquorum) 

Carbohydrates  It helps provide sufficient energy for the body and 

reduces blood sugar elevation. 

 

Sukmawati, 2022 

Arrowroot tuber (Marantha 

arundinaceae L) 

Water Soluble Polysaccharides Increased viscosity in the gastrointestinal tract, 

slowing gastric emptying and inhibiting glucose 

absorption, accelerating glucose absorption. 

Yuniastuti et al., 2018 

Talas Mentawai 

(Colocasia esculenta L var 

Mentawai) 

Flavonoid Antidiabetic effects by improving insulin 

sensitivity, regulating glucose and lipid 

metabolism, reducing oxidative stress and 

inflammation, and protecting pancreatic β-cells 

Santoso et al., 2024; 

Santoso et al., 2025; Aini 

et al., 2024 
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3.4.2 Tannins 

Tannins contribute to glycemic control by inhibiting digestive enzymes involved in 

carbohydrate hydrolysis, particularly α-amylase and α-glucosidase. This inhibition slows 

glucose absorption in the intestine and suppresses postprandial hyperglycemia. In addition, 

tannins exhibit antioxidant and anti-inflammatory activities that help preserve pancreatic β-

cell integrity and reduce oxidative damage associated with chronic hyperglycemia (Correa, 

et al., 2023). 

3.4.3 Terpenoids 

Terpenoids improve glucose metabolism primarily by enhancing insulin sensitivity. 

Several studies have demonstrated that terpenoids activate AMP-activated protein kinase 

(AMPK) and peroxisome proliferator-activated receptor gamma (PPAR-γ), leading to 

increased glucose uptake, suppression of hepatic gluconeogenesis, and improved lipid 

metabolism. Some terpenoids also stimulate pancreatic β-cell function, resulting in increased 

insulin secretion and better glycemic control (Rampengan et al., 2025). 

3.4.4 Alkaloids 

Alkaloids exhibit antidiabetic effects through multiple mechanisms, including 

stimulation of insulin secretion, enhancement of insulin receptor signaling, inhibition of 

intestinal glucose absorption, and modulation of enzymes involved in carbohydrate 

metabolism. Their antioxidant activity also contributes to the protection of pancreatic β-cells 

from oxidative injury, thereby preserving endogenous insulin production (Tiong et al., 2013). 

3.4.5 Scopoletin 

Scopoletin, a coumarin derivative identified in cassava and several medicinal plants, 

has demonstrated significant antidiabetic activity. It activates the AMPK signaling pathway, 

which enhances GLUT4 translocation to the plasma membrane and increases glucose uptake 

by peripheral tissues. Scopoletin also reduces oxidative stress and inflammatory responses, 

improves insulin sensitivity, and protects pancreatic β-cells against oxidative damage, 

thereby contributing to improved glucose homeostasis (Park & Han, 2023). 

3.4.6 Polysaccharides and Dietary Fiber 

Water-soluble polysaccharides and dietary fiber present in several tuber plants improve 

glycemic control by increasing gastrointestinal viscosity, delaying gastric emptying, and 

slowing intestinal glucose absorption. These mechanisms reduce postprandial blood glucose 

spikes and improve insulin responsiveness. In addition, polysaccharides have been reported 
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to modulate gut microbiota and improve metabolic homeostasis, further supporting their 

antidiabetic effects (Ganesan & Xu, 2019). 

Overall, the antidiabetic activity of tuber plants results from the synergistic effects of 

these bioactive compounds. Their combined actions include enhancement of insulin 

secretion, improvement of insulin sensitivity, inhibition of carbohydrate-digesting enzymes, 

reduction of oxidative stress and inflammation, stimulation of glucose uptake through 

GLUT4 translocation, and protection of pancreatic β-cells. These mechanisms support the 

potential application of tuber plants as complementary natural agents for the prevention and 

management of diabetes mellitus. 

 

4. CONCLUSION 

The rich variety of tubers plant indigenous to Indonesia, including sweet potatoes 

(Ipomoea batatas), Uwi banggai (Dioscorea alata L.), Suweg tubers (Amorphophallus 

campanulatus), White Bentul tubers (Colocasia esculenta L. Schott), Bidara upas (Merremia 

mammosa), Kimpul tubers (Xanthosoma violaceum Schott.), Cassava (Manihot esculenta), 

Elephant Foot tuber (Amorphophallus paeoniifolius) and Kuzdu root (Pueraria montana) 

have potential as antidiabetics through β-pancreatic cell protection activity, stimulating β-

pancreatic cell regeneration and increasing insulin secretion caused by soluble fiber content 

and secondary metabolite compounds such as flavonoids, saponins, tannins, terpenoids, 

scopoletin, steroids, sterols, isoflavones and alkaloids. 
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