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Abstract— Sago is a plant that grows naturally in some areas in Southeast and South Asia. Despite having multiple advantages, the 

usage of the sago palm is primarily from its starch content and is commonly used as an alternative replacement for white rice and wheat 

flour, the two most prominent staple foods, in several regions. Additionally, people are now more aware of how the total area of sago 

forests has decreased as monoculture, cash crops, or other food crop development have replaced it. This condition may endanger the 

ecology and the sustainability of food diversity. To support the bioeconomy principles, various utilizations of sago by turning it into 

higher value-added biomass need to be explored. The paper aims to review the potential utilization of sago as biomass and bioenergy 

as a value-added product after processing it for food. A literature review method in Scopus and PubMed databases was used to answer 

the research objective. Sago palm can be converted into bio-energy resources like biomass-biogas, bioelectricity, bioethanol, and 

biohydrogen. Together with the advancement in the processing of sago starch, sago waste from bark, pulp, fiber, or hampas is 

transformed into different products, e.g., plywood and particle board, sago craft from sago bark and fiber; thus, sago waste or sago 

hampas is a prospective bioenergy commodity. In conclusion, sago provides advantages beyond food diversity, such as lowering 

household food insecurity and promoting sago's use for biomass and bioenergy. 
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I. INTRODUCTION

The Sago palm, a member of the Palmae family and 

belongs to the genus Metroxylon, is one of the forest products 
in tropical nations. One tree species that can spread out of 

control in forests is the sago. Sago palms naturally grow in 

tropical forest locations due to similar climatic factors 

(temperature, soil), dietary customs, and cultural significance 

of sago use [1]–[3]. Sago palm reaches maturity between the 

ages of 9 and 12 when the starch content of the trunk reaches 

its peak level [3]. The palm is very profitable for the food 

business and as a raw ingredient for agriculture-related 

industries, including bioethanol [4]–[6]. Sago produces the 

driest starch, over 400 kg per tree, compared to other starchy 

foods like cassava or potatoes, which yield around 40 kg per 
harvest tree [7]. Sago waste is sometimes used as livestock 

feed [8], [9]. 

From the north of Mindanao to the south of Java Island and 

from the east of Melanesia to the west of India, the sago plant 

naturally flourishes. The distribution of sago plants is still 

concentrated in a particular area within the countries, even 

though they spread throughout the tropical forest. Before 

2000, Papua New Guinea had a total sago area of 1.4 and 1 

million hectares (ha), making it the second-largest producer 
after Indonesia [2]. Sago cultivation is widely practiced 

outside of Indonesia and Papua New Guinea, such as in 

Malaysia (about 45,000 ha), Philippines and the Thailand 

(almost 3,000 ha for each). The present estimated total sago 

area is 5 million hectares (ha), mainly in Papua but also in all 

other places where sago is grown, including Sumatra, 

Sulawesi, and the Mollucan Islands. Nevertheless, only 

318,563 ha, or just about 6%, are productively planted with 

sago palm trees, with productivity of 1.48 tons/ha/year in 

average [9]. Sago crops predominate in the Sepik, Western, 
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and Gulf regions of Papua New Guinea [10]. Sago has a 

considerable importance in this area for the community's 

traditional livelihood activities and for providing both 

quantity and quality of food security for the home [11], [12].  

Sago was never heavily promoted as a necessity, primarily 

because it is considered to have a lower economic value than 

other monoculture and cash crops (e.g., palm oil or timber) or 

other food crop production. Furthermore, in Indonesia, sago 

consumption as a staple food indicates the presence of food 

insecurity [13] which has discouraged the promotion of plant 
utilization in the country. The high potency of sago has not 

been sufficiently explored. Concern has also been expressed 

over the gradual loss of the entire sago forest as a result of 

farming conversion to monoculture, cash crops, or other food 

crops [14], which may jeopardize the sustainability of the 

ecosystem and the availability of a variety of food sources. 

A detailed mapping of potency must be done together with 

a complete study from the perspective of implementing the 

circular bioeconomy and maintaining sustainability in order 

to maximize the use of the sago plant. The current review 

paper's main objective was to look into how best to use sago 
waste as a bio-based resource. The waste comes from its 

leaves to the trunk and is the by-product of starch production, 

which can provide bioethanol or bioenergy without direct 

competition with the food industry. Furthermore, by using 

sago as feed and fertilizer, the goal of lowering the 

environmental impact of waste can also be accomplished. The 

sago plant needs to be sustainable in order to compete with 

other commodities in terms of use, which will also have an 

effect on the shift in land use. Therefore, innovation in 

producing value-added sago-based products is crucial to 

assuring the sustainable supply of sago and the bioeconomy. 

The primary goal of the paper is to examine sago's potential 

as a biomass source. The second goal seeks to look at different 

sago usages to complement the review results. 

II. MATERIALS AND METHOD 

This study was a component of a literature review 

technique that sought to understand the potential of sago as a 

source for biomass and bioenergy.  Therefore, a combination 

of keywords of "sago", “biomass”, “bioenergy”, “bioethanol” 

and “biohydrogen”. were used as search terms for the 

literature. This review study related the potential of sago in 

biomass and bioenergy to the food business in this regard, for 

instance, the byproduct of manufacturing sago starch. Using 
the specified keywords, a literature search was conducted in 

the Scopus and PubMed databases in July-August 2021 and 

continued to be updated until June 2023. The following 

criteria were used to choose the papers: (1) Online access to 

conference proceedings or journal articles in their entirety 

license; (2) written in English, German, or Indonesian – the 

authors' language proficiency; and (3) the relevance of the 

article's content to the research goals (Figure 1). 

 
Fig. 1  Selection Process of Eligible Studies 
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III. RESULTS AND DISCUSSION  

The sago palm region stretches from Melanesia in the east 

to India in the west, from Mindanao, the Philippines, in the 

north to Java Island, Indonesia, in the south. Sago palms can 

thrive in a variety of soil types, such as mineral soil or areas 

that have been used as forests or barren land. As an example, 
wild sago trees can be found in Papua beside lakes, rivers, or 

even without sufficient drainage due to varied geographical 

situations, such as lowland or highland, merging with another 

ecosystem. Sago palms can be found throughout Southeast 

Asia, for instance in Thailand's marshy forest and in Papua, 

Indonesia, where they coexist with other plants including 

grass and swampy shrubs [14], [15]. In addition to Papua, the 

sago palm is also found in another Indonesian island including 

Sulawesi, Sumatera, and Kalimantan. The majority of the 

smallholders in these areas have semi-cultivated stands on 

their land, which include sago palms that are immature, 
mature, and neglected [16].  

A. Review of Literature and Analysis of the Underutilized 

Sago 

The mid-July to end-August 2021 Scopus and PubMed 

literature searches, updated in June 2023 returned 2340 and 

813 papers, respectively, using the combination of keywords 

"sago", “biomass”, “bioenergy”, “bioethanol” and 

“biohydrogen”. Nine articles were reviewed regarding the 

potential of sago in biomass and bioenergy application after 
removing all the duplicate and using more sophisticated 

criteria (i.e., the combination of keywords and accessibility) 

and thoroughly checking the studies' relevancy and research 

objectives by reading the full articles. Regarding the use of 

sago as a feedstock and in food products, additional material 

from 25 and 5 selected studies was included and briefly 

presented. 

The starch produced by sago palm trees is primarily 

utilized as food. To produce starch, the tree is processed 

through a number of stages. The modifications to the leaves, 

thorns, shoots, and stems reveal the features of sago palms 
that are ready for harvest. Before they are ready to be 

harvested, sago plants generally exhibit floral primordia, or 

flower buds that have opened but have not yet bloomed. The 

outcome is a little swelling of the shoots. In addition, there are 

fewer thorns and cleaner, smoother leaf sheaths than in 

juvenile trees. 

By cutting, removing the bark, and gathering the trunks, the 

right trees are gathered. Traditional methods for obtaining 

sago starch include crushing and kneading the stem's pith to 

release the starch, followed by washing and straining the 

fibrous residue to separate the starch from it. After being 

suspended in water, the raw starch is collected, given time to 
settle, and dried. In Papua New Guinea and Indonesia (Papua 

and Buol), sago starch is taken as a staple food and 

traditionally prepared with burned stones [1] or mixed with 

hot water (sago porridge, also known as papeda) [17]. Figure 

2 depicts traditional sago processing.  

 
Fig. 2  Traditional sago starch production (courtesy of S.M.A. Letsoin) 

 

Sago starch is comparable to sweet potato (86%) and 

tapioca (89%) and in terms of its carbohydrate content per 100 

g [18], considerably higher than white rice (34%) [19] or 

wheat (59–71%) [20]. Due to its high carbohydrate content, 

sago may eventually take the place of other staple meals. Per 

100 grams, sago starch has just 0.1% protein and 0.01% fat, 

respectively [18]. White rice and wheat, which are the most 

widely consumed staple foods, include greater proportions of 
fat (2.9% and 1.1-37%, respectively) and protein (3.9% and 

10.1–16%) [19], [20]. Sago also contained roughly 10 mg of 

phosphorus per 100 g. When compared to other main foods 

such as sweet potatoes, the phosphorus concentration was 

deemed low [18]. As a result, a sago-based diet was later 

developed to boost the protein and micronutrient content by 

combining it with food sources of both plant and animal 

protein (such fish, soybeans, or mungbeans), as well as with 

mushrooms as a source of fat and minerals [21]–[24].  

Sago is a food with a high carbohydrate content that is 

advised to be consumed as an alternative to staple meals, 
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therefore its place in the typical diet and as a household staple 

are crucial. Dietary diversification can be aided by the use of 

sago starch [25]. To increase the consumption of native or 

wild foods, such as sago, contemporary sago starch extraction 

has been created, as well as widespread global promotion of 

indigenous products. Sago is still used in traditional dishes 

today, such as sago porridge, which is made by combining 

sago with a little cold water until a sticky suspension forms. 

Sagu lempeng is another name for classic sago-based 

delicacies like plate-shaped sago. Sago has a lengthy shelf life 
when it is formed into rectangular shapes that are 8 x 8 cm 

wide and 0.5–1.0 cm thick. 

B. Sago for Biomass and Bioenergy Production 

The starch of sago palm plays an essential role in 

supporting food security and the food agroindustry. During 

the starch processing, approximately the same amount of sago 

pith waste as starch can be produced [26], [27]. Sago waste 

can also be converted into various bio-energy resources like 
biomass-biogas, bioelectricity, bioethanol, and biohydrogen. 

Natural sago starch nowadays is undergoing specific genetic 

treatment for non-food industries, for instance, as an 

emulsifier in colloidal systems, bio-thermoplastics, bio-

cellulose, hard capsules film, coating food products, 

biopolymers, biocomposites, acylated systems, and 

carboxymethylation. Together with the advancement in the 

processing of sago starch, sago waste from bark, pulp, fiber, 

or sago waste (hampas) is transformed into different products, 

e.g., plywood and particle board, sago craft from sago bark 

and fiber; thus, sago waste or sago hampas is a prospective 

bioenergy commodity.  
Non-renewable energy is still the primary power and 

economic source in these regions. For instance, the 

Indonesian Government in Presidential Decree No 5/2006 

states the target of 25% share of renewable energy (RE) by 

2021; unfortunately, the RE production is only about 3%. The 

situation explains why bioenergy development in this country 

is supported and encourages the potentiality of waste from 

raw materials for energy utilization [28]. Currently, Indonesia 

has been producing and marketing biodiesel from palm oil. 

The competition with food products is the next obstacle for 

biodiesel made from palm oil, as palm oil is the country's most 
commonly utilized cooking oil, and the concern that many 

natural forests will be converted into palm oil plantations. As 

a result, developing sago into bioenergy could provide an 

alternate feedstock for biofuel.  

Sago waste production includes solid waste (bark, fiber, 

hampas, rough starch) and wastewater (Figure 1), which also 

supports the implementation of a circular economy. As an 

illustration, the harvest area of sago starch is around 2,000–

3,000 kg/ha/year. It could be two times higher when 

compared to cassava or three times higher than maize. The 

annual crop area of ethanol from four carbohydrate producers 
– sago, cassava, sugarcane, and maize- is 9.5 kL/ha, 4.0 kL/ha, 

6.7 kL/ha, 3.2 kL/ha, respectively. To achieve this ethanol 

production, the harvested land of each crop, for example, sago 

land area is 60 trunks, while cassava is 23 tons of roots and 70 

tons of sugarcane. Starch yield per trunk could reach 180 kg 

or more, depending on the geographical condition; for 

example, in Malaysia, around 180 kg to 385 kg starch/trunk, 

and in Indonesia, approximately 250 kg to 550 kg starch/trunk 

[29]. Added to this, gasohol E10 or 10% ethanol/gasoline fuel 

mixture has been introduced to reduce climate impact and 

promote petroleum conservation, as experimented in some 

Asian countries such as Vietnam, although it is not reported 

in detail about the particular substrate of ethanol, this study 

has investigated the possibility of bioethanol as gasohol 

blends in deriving specific vehicles. They are rated as having 

2 or 3 octanes greater than conventional gasoline, as in 

Indonesia, ethanol from sago starch has a superior 1.5 octane 

rating over other types of gasoline. The fuel usage is lower 
than that of gasoline and is more environmentally friendly 

[30], [31]. The production of ethanol can be made from food 

crops that contain carbohydrate or starch components, such as 

fresh sugarcane like in Brazil or sugarcane molasses mostly 

used in India; nonetheless, the higher production of ethanol 

requires a significant feedstock of cropland, which could be 

adjusted to the availability of food crops. Hence, other ethanol 

feedstocks from lignocellulosic biomass, industrial residues, 

and agricultural wastes such as sago waste have been 

established [32]. Considering bioethanol feedstocks, 

categorized as (1) starch ingredients such as sago, cassava, 
and sweet potatoes, then (2) sugary ingredients, for example, 

sugarcane, sweet sorghum, and also from (3) cellulose 

materials or agricultural waste such as rice straw, sago waste, 

or banana stems, and presently, from macroalgae and 

microalgae waste [33]. In the case of sago, a 10 g dry matter 

sago pith waste can produce 2.92 g bioethanol fuel [4].  

Bioethanol production from sago waste requires some 

processing; first, sago waste preparation or pretreatment, 

including hydrolysis to obtain cellulose and glucose, and then 

fermentation to improve the substrate, for example, by using 

the enzyme. Bioethanol low concentrate is achieved from the 
fermentation of sugar ingredients, followed by distillation and 

purification to get a higher level of ethanol [4]. Nevertheless, 

the efficacy of energy production should be assessed based on 

a particular value or reference to the nationwide specification 

and global market policy. Scientific modification 

scientifically in bioenergy production has been widely 

established, not only for fuels such as bioethanol and biogas 

but for other prospects, as shown in Table 1. The dry weight 

of sago waste consists of starch, cellulose, and lignin. While 

sago bioethanol liquid waste (SBLW) roughly contains 

glucose, glycerol, and lactic acid, the content of dried sago 

hampas is mostly starch, around up to 45%, then moisture, ash, 
protein, fiber, and fat. For bioethanol fermentation, 

microorganisms such as saccharomyces can be used; thus, 

analytical and quantifying methods are implemented using a 

spectrophotometer, High - Performance Liquid 

Chromatography (HPLC), and an Iodine starch calorimeter. 

However, viscosity and appropriate solvent or diluted ratio 

should be taken into account [34]. Sago biomass can be 

transformed into fuel through specific thermochemical 

procedures, for example, carbonization, gasification, direct 

combustion, liquefaction, and pyrolysis. Although sago 

biomass is ecologically sound for fuel, the specified HHV 
result showed higher when converted to biochar through the 

pyrolysis process [35]. Pyrolysis itself can be derived into (1) 

char, used for all of the solid products, including organic 

matter such as high carbon and ash, (2) gases, for example, 

methanol or ammonia, and (3) liquids, including bio-oil. Then, 

three types of pyrolytic reactions, differentiated by the heating 
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range and temperature of substances [36], affect bio-oil 

production, for example, slow pyrolysis using a microwave 

reactor type of sago waste to get bio-oils in different heating 

times between two to ten mins. Sago waste values may show 

a positive rate in bio-oil production. However, based on the 

calorific values, the results tend to be smaller than other fuel 

oils, such as petroleum, gasoline, or diesel fuel [37]. From a 

bioelectricity perspective, microbial fuel cells (MFC) 

transform the chemical reactivity into bioelectricity through 

electrochemically active bacteria to the electrode, such as 
Clostridium beijerinckii. Some substances are recognized for 

bioelectricity, such as organic acids (acetate, lactate), 

fermentable sugars (glucose), and carbohydrates (starch); 

however, the market price and environmental impact due to 

the production process need to be considered [38], [39]. In 

other locations of Asia, for example, India, biohydrogen is 

produced by using microorganisms like bacteria and algae. 

Principally, biohydrogen is a type of biofuel like bioethanol, 

biodiesel, bio-oil, etc., and can be generated through chemical 

and biological processes using microorganisms. Hydrogen 

has three times greater energy than petrol or diesel; and also, 

can be used as a transport fuel and less gaseous pollutant. To 

support these advantages, the National Hydrogen Program of 

the United States projects the total hydrogen market at around 

8–10% by 2025. Although biological hydrogen is considered 

a future fuel due to high energy density, zero-emission of CO2, 
enhanced hydrogen manufacturing with a minimal substrate, 

and cost development need to be noted [40], [41]. 

Understanding the potential role of sago beyond its daily use 

also supports the importance of promoting the possible uses 

of sago, especially throughout the wild-stand palms, and 

encourages its alternative uses in the local economy. 

TABLE I 

POTENTIAL OF SAGO IN BIOENERGY PRODUCTION 

No. Product Method and result Application Ref 

1. Bioethanol The acid pretreatment method was used to handle sago waste. Microorganism 

Saccharomyces cerevisiae was used to ferment. Ethanol production in fungal 
saccharification was up to 3.02 g/l from 5 g/l of sago waste. To support the ethanol 
result, the Iodoformtest and litmus test were applied. 

Bioproduction of 

ethyl alcohol 

[34] 

The study aimed to increase the glucose rate in sago hampas in three sequences 
that were hydrolyzed by the enzyme. The glucose in sago hampas was tested using 
yeast. 40.30 g/ liter of ethanol was produced from the fermentation process. 
Glucose obtained from the hydrolysis process in sago hampas was adequate to 
primary sago starch.  

Glucose production, 
feedstock for 
bioethanol 
production 

[42] 

Sago fiber was used as feedstock for the bioethanol process. Saccharomyces as 
microorganism bioethanol fermentation was used. SBLW consists of glucose, 
glycerol, lactic acid, and ethanol ±0.08 g/liter measured using HPLC. 

Fermentation 
feedstock, 
biocatalyst industry 

[43] 

2. Biomass This study focuses on two different treatments for sago biomass and sago biochar. 
Various methods were applied, for example, pyrolysis OFAT, proximate analysis, 
Scanning Electron Microscopy (SEM), and Brunauer-Emmer-Teller (BET). The 
values of sago biomass were significantly greater when it became sago biochar as 
indicated through their Higher Heating Value (HHV). HHV referred to the 

potential thermal energy produced, which was measured as a unit of energy per 
unit mass or volume of the substance. 

Solid fuel [35] 

Sago waste produced bio-oils using microwave within medium temperature, i.e.,
smaller than 400 ℃, and different heating ranges. They were classified as slow 
pyrolysis for liquid. The calorific value was around 21 MJ/kg calculated by the
bomb calorimeter. This value was lower than gasoline, diesel fuel, or petroleum.
Numerous methods and equipment were used, such as Gas chromatography-mass
spectroscopy, mass spectrometer, Fourier Transform Infra-Red (FTIR) analysis,
evaporator, and microwave.

Chemical feedstock, 
Liquid fuel  

[37] 

3. Biogas Different sago wastes, such as hampas and wastewater were used to find out their
chemical characteristics for biogas purposes. Atomic absorption spectroscopy was
used to measure minerals and other content using spectrophotometry, followed by
an analytical method to evaluate the C/N ratio and Chemical Oxygen Demand
(COD).

Biogas feedstock [44] 

Sago waste performance in biogas production was evaluated. The parameter
advanced by Central composite design (CDC) and Response Surface Methodology
(RSM) such as COD, Biochemical Oxygen Demand (BOD), Total Organic Carbon

(TOC). The results confirmed that the RSM was an appropriate predictor of biogas
production throug waste recycling.

Biogas complement [45] 

4. Bioelectricity Granulated Sago hampas as a carbon substrate was fermented using C.beijerinckii,
then compared to other substances, namely profitable starch, hydrolyzed sago
hampas, and non-hydrolyzed sago within the results of 78.92 mW/cm2, 56.5
mW/cm2, 73.78 mW/cm2, respectively. It explained how sago hampas, without
being further hydrolyzed can be used as a feedstock of bioelectricity using MFCs.

Direct bioelectricity [38] 

5. Biohydrogen Sago wastewater as the substrate was fermented using bacteria, i.e., Clostridium

sartagoforme and Enterobacter cloacae. Although the results of both bacteria
were comparable, C. sartagoforme showed relatively better results

Biofuel [40] 
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C. Sago for feed and fertilizer production 

For many years, sago has been used as animal fodder. 

Initially, the exposed starch from a cut sago trunk can be fed 

directly to poultry or pigs. Alternatively, the harvested pith 
can be dried and milled to produce sago high-energy pith meal 

comparable to corn in poultry diets. During starch extraction, 

the wet form of sago pith is produced, and starch granules can 

be collected while producing large quantities of sago waste. 

This sago waste (hampas) is the common source of feed. 

Hampas is "the fibrous residue left behind after most of the 

starch has been washed out of the rasped pith of the sago 

palm" [46], consisting of roughly 58–66% starch, 5–21% 

lignin, 20–23% cellulose [47], [48], which makes it a great 

fodder due to its high content of fiber. Because of its high fiber 

content, hampas have commonly undergone various 
treatments to improve its digestibility and palatability, for 

instance, ensiling [49][50]. In the same way and organically 

closing the life cycle, sago waste for animal feeds can also be 

used as a natural fertilizer. For the most part, the leftover 

remains of starch extraction are used as fertilizer, e.g., hampas, 

the pulp of the palm, and the bark [48], [51]. The sago waste 

is usually mixed with the poultry (or other livestock) waste to 

introduce something called "co-composting", a technique that 

allows the decrease of fertilizer expenses, as well as regulates 

the excesses in the amount of carbon and nitrogen in the soil, 

which could be detrimental to plants when excessive [52].  

IV. CONCLUSION 

Beyond its original use as a staple food, this literature 

review study indicated the prospective uses of sago in a 

variety of bio-energy resources such biomass-biogas, 

bioelectricity, bioethanol, and biohydrogen that can be further 

expanded. Sago can be a substitute feedstock in the 

production and marketing of biodiesel from palm oil in 

Indonesia. Sago is now used in both culinary and non-food 
products due to its prospective uses and advantages. This in 

turn promotes local bioeconomy development, sago forest 

preservation, and sustainable production.  

ACKNOWLEDGMENT 

The support from Directorate of Research and Community 

Services at the Universitas Padjadjaran is appreciated to 

conduct this review study. Special thanks for Regina Magaña 

Vázquez and Monika Neuss within the Humboldt reloaded 
project, and Dhea Ayu Putri in the literature research 

assignment. Universitas Padjadjaran provided funding for this 

review study with grant number: 1959/UN6.3.2/PT.00/2021. 

The review study is a component of the second author's 

(S.M.A.L.) ongoing Ph.D. research, which she is carrying out 

with financial assistance from the Indonesia Endowment 

Fund for Education (LPDP-Indonesia). Additionally, 

S.M.A.L. was supported by the OP RDE project Improving 

the Quality of the Internal Grant Scheme at the Czech 

University of Life Sciences Prague, registered as Project 

03/2022 with the number 
CZ.02.2.69/0.0/0.0/19_073/0016944. The Federal Ministry of 

Education and Research provided funding for the Humboldt 

reloaded project (01PL11003) at the University of 

Hohenheim in Stuttgart. Grant number 

CZ.02.1.01/0.0/0.0/16_019/0000803 from the operational 

Program Research, Development, and Education, Ministry of 

Education, Youth, and Sports of the Czech Republic. 

REFERENCES 

[1] P. K. Townsend, “Sago Production in a New Guinea Economy,” in 

Human Ecology, Springer, 1974, pp. 217–236. 

[2] H. Konuma, “Status and outlook of global food security and the role of 

underutilized food resources,” in Sago Palm: Multiple Contributions to 

Food Security and Sustainable Livelihoods, Singapore: Springer, 2018, 

pp. 3–16. doi: 10.1007/978-981-10-5269-9. 

[3] M. H. Bintoro, M. I. Nurulhaq, A. J. Pratama, F. Ahmad, and L. Ayulia, 

“Growing area of sago palm and its environment,” in Sago Palm, 

Springer, Singapore, 2018, pp. 17–29. 

[4] N. J. Jonatan, A. Ekayuliana, I. M. K. Dhiputra, and Y. S. Nugroho, 

“The Utilization of Metroxylon Sago (Rottb.) Dregs for Low 

Bioethanol as Fuel Households Needs in Papua Province Indonesia,” 

KnE Life Sci., vol. 3, no. 5, p. 150, 2017, doi:10.18502/kls.v3i5.987. 

[5] W. Girsang, “Feasibility of Small-Scale Sago Industries in the Maluku 

Islands, Indonesia,” in Sago Palm Multiple Contributions to Food 

Security and Sustainable Livelihoods, H. Ehara, Y. Toyoda, and D. V. 

Johnson, Eds., Singapore, 2018, pp. 109–122. doi:10.1007/978-981-

10-5269-9. 

[6] S. K. Thangavelu, T. Rajkumar, D. K. Pandi, A. S. Ahmed, and F. N. 

Ani, “Microwave assisted acid hydrolysis for bioethanol fuel 

production from sago pith waste,” Waste Manag., vol. 86, pp. 80–86, 

2019, doi:10.1016/j.wasman.2019.01.035. 

[7] F. Zhu, “Recent advances in modifications and applications of sago 

starch,” Food Hydrocoll., vol. 96, pp. 412–423, 2019, 

doi:10.1016/j.foodhyd.2019.05.035. 

[8] P. D. Dwyer and M. Minnegal, “Sago palms and variable garden yields: 

A case study from Papua New Guinea,” Man Cult. Ocean., vol. 10, pp. 

81–102, 1994. 

[9] C. M. F. E. A. of the R. of Indonesia, “Pemberdayaan Masyarakat Sagu 

untuk Dorong Percepatan Pengembangan Sagu Nasional (Sago 

Community Empowerment to Encourage the Acceleration of National 

Sago Development). Press Release No. 

HM.4.6/203/SET.M.EKON.3/12/2020.” Coordinating Ministry For 

Economic Affairs of the Republic of Indonesia, Jakarta, Indonesia, 

2020. 

[10] Y. Toyoda, “Anthropological studies of sago palm in Papua New 

Guinea,” Ru-Centre for Asian Area Studies, Tokyo, 2008. 

[11] Sunderland, T., Powell, B., Ickowitz, A., Foli, S., Pinedo-Vasquez, M., 

Nasi, R., et al. (2013). Food security and nutrition: The role of forests. 

Discussion Paper. Bogor, Indonesia: CIFOR. 

[12] H. Konuma, “Status and Outlook of Global Food Security and the Role 

of Underutilized Food Resources: Sago Palm,” in Sago palm: Multiple 

contributions to food security and sustainable livelihoods, H. Ehara, 

Y. Toyoda, and D. V Johnson, Eds., Tokyo: Springer Nature, 2018, pp. 

3–16. doi:10.1007/978-981-10-5269-9. 

[13] N. N. Wirawan et al., “Food consumption and dietary diversity of 

women in transmigrant area Buol, Central Sulawesi and original 

location Demak, Central Java, Indonesia,” Malays. J. Nutr., vol. 24, 

no. 4, pp. 587–596, 2018. 

[14] S. M. A. Letsoin, D. Herak, F. Rahmawan, and R. C. Purwestri, “Land 

Cover Changes from 1990 to 2019 in Papua, Indonesia: Results of the 

Remote Sensing Imagery,” Sustainability, vol. 12, no. 6, 2020, 

doi:10.3390/su12166623. 

[15] M. Jariyapong, S. Roongtawanreongsri, A. Romyen, and B. 

Somboonsuke, “Growth prediction of sago palm (Metroxylon sagu) in 

Thailand using the Linear Mixed-effect model,” Biodiversitas J. Biol. 

Divers., vol. 22, no. 12, pp. 5293–5301, 2021, 

doi:10.13057/biodiv/d221209. 

[16] D. G. of E. Crops, “Tree Crop Statistics of Indonesia 2018-2020: Sago.” 

Secretariat of Directorate General of Estates, Ministry of Agriculture 

Republic of Indonesia, Jakarta, Indonesia, 2019. 

[17] A. P. Metaragakusuma, O. Katsuya, and H. Bai, “An Overview of the 

Traditional use of sago for Sago-based Food Industry in Indonesia,” 

KnE Life Sci., pp. 119–124, 2016, doi:10.18502/kls.v3i3.382. 

[18] N. C. Grace and C. J. Henry, “The Physicochemical Characterization 

of Unconventional Starches and Flours Used in Asia,” Foods, vol. 9, 

no. 4, p. 182, 2020, doi:10.3390/foods9020182. 

[19] S. Sonia, F. Witjaksono, and R. Ridwan, “Effect of cooling of cooked 

white rice on resistant starch content and glycemic response,” Asia Pac 

J Clin Nut, vol. 24, no. 4, pp. 620–625, 2015, 

doi:10.6133/apjcn.2015.24.4.13. 

149



[20] E. Escarnot, J.-M. Jacquemin, R. Agneessens, and M. Paquot, 

“Comparative study of the content and profiles of macronutrients in 

spelt and wheat, a review,” BASE, 2012. 

[21] R. Mogra and S. Midha, “Value addition of traditional wheat flour 

vermicelli,” J. Food Sci. Technol., vol. 50, no. 4, pp. 815–820, 2013, 

doi:10.1007/s13197-011-0403-3. 

[22] D. Tjokrokusumo, F. C. Octaviani, and R. Saragih, “Fortification of 

Mung bean (Vigna radiata) and Ear mushroom (Auricularia auricula-

judae) in dried sago noodles,” J. Microb. Syst. Biotechnol., vol. 1, no. 

2, pp. 34–40, 2019, doi:10.37604/jmsb.v1i2.30. 

[23] C. Litaay, A. Indriati, and N. K. I. Mayasti, “Fortification of sago 

noodles with fish meal skipjack tuna (Katsuwonus pelamis),” Food Sci. 

Technol., 2021, doi:10.1590/fst.46720. 

[24] M. N. Azkia, S. B. Wahjuningsih, and C. H. Wibowo, “The nutritional 

and functional properties of noodles prepared from sorghum, mung 

bean and sago flours,” Food Res., vol. 5, no. S2, pp. 65–69, 2021, 

doi:10.26656/fr.2017.5(S2).002. 

[25] FAO, Sustainable Diets and Biodiversity - Directions and solutions 

for policy, research and actions. Rome, Italy: FAO, 2012. 

[26] J. C. Lai, W. A. W. A. Rahman, and W. Y. Toh, “Characterisation of 

sago pith waste and its composites,” Ind. Crops Prod., vol. 45, pp. 

319–326, 2013, doi:10.1016/j.indcrop.2012.12.046. 

[27] T. Mishima, “New Sago Palm Starch Resources and Starch Pith Waste 

Properties,” in Sago Palm, H. Ehara, Y. Toyoda, and D. V. Johnson, 

Eds., Singapore: Springer, Singapore, 2018, pp. 309–315. 

doi:10.1007/978-981-10-5269-9. 

[28] S. M. A. Letsoin, D. Guth, D. Herak, and R. C. Purwestri, “Analyzing 

Maize Plant Height Using Unmanned Aerial Vehicle (UAV) based on 

Digital Surface Models (DSM),” IOP Conf. Ser. Earth Environ. Sci., 

vol. 1187, 2023, doi:10.1088/1755-1315/1187/1/012028. 

[29] F. B. Ahmad, P. A. Williams, J.-L. Doublier, S. Durand, and A. Buleon, 

“Physico-chemical characterisation of sago starch,” Carbohydr. 

Polym., vol. 38, no. 4, pp. 361–370, 1999, doi:10.1016/S0144-

8617(98)00123-4. 

[30] L. A. Tuan and Tuan, “w,” J. Sci. Technol. Tech. Univ., vol. 73, no. b, 

pp. 98–105, 2009. 

[31] S. Komarayati, I. Winarni, and Djarwanto, “Bioethanol Manufacturing 

from Empulur Sagu (Metroxylon Spp.) Using enzymes,” J. For. Prod. 

Res., vol. 29, no. 1, pp. 20-32., 2011. 

[32] A. C. Wilkie, K. J. Riedesel, and J. M. Owens, “Stillage 

characterization and anaerobic treatment of ethanol stillage from 

conventional and cellulosic feedstocks p,” Biomass and Bioenergy, p. 

40, 2000. 

[33] V. Alfonsín, R. Maceiras, and C. Gutiérrez, “Bioethanol production 

from industrial algae waste,” Waste Manag., vol. 87, pp. 791–797, 

2019, doi:10.1016/j.wasman.2019.03.019. 

[34] R. Praveenkumar, K. Suresh, S. Chozhavendhan, and B. Bharathiraja, 

“Comparative Analysis of Saccharification of Cassava Sago Waste 

Using Aspergillus Niger and Bacillus Sp. for the Production of Bio-

Ethanol using Saccharomyces Cerevisiae,” Int. J. ChemTech Res., vol. 

6, no. 12, pp. 5090–5094, 2014. 

[35] J. Rambli and R. Khezri, “Evaluation of Biochar from Sago 

(Metroxylon Spp.) as a Potential Solid Fuel,” BioResources, vol. 14, 

no. 1, pp. 1928–1940, 2019. 

[36] V. Sukumar, V. Manieniyan, and S. Sivaprakasam, “Bio Oil 

Production from Biomass Using Pyrolysis and Upgrading - A Review,” 

Int. J. ChemTech Res., vol. 8, no. 1, pp. 196–206, 2015. 

[37] S. M. Abdul Aziz, R. Wahi, Z. Ngaini, and S. Hamdan, “Bio-oils from 

microwave pyrolysis of agricultural wastes,” Fuel Process. Technol., 

vol. 106, pp. 744–750, 2013, doi:10.1016/j.fuproc.2012.10.011. 

[38] M. A. Jenol, M. F. Ibrahim, E. Kamal Bahrin, S. W. Kim, and S. Abd-

Aziz, “Direct Bioelectricity Generation from Sago Hampas by 

Clostridium beijerinckii SR1 Using Microbial Fuel Cell,” Molecules, 

vol. 24, no. 13, p. 2397, 2019, doi:10.3390/molecules24132397. 

[39] S. Ahmed, E. Rozaik, and H. Abdelhalim, “Performance of Single-

Chamber Microbial Fuel Cells Using Different Carbohydrate-Rich 

Wastewaters and Different Inocula,” Polish J. Environ. Stud., vol. 25, 

no. 2, pp. 503–510, 2016, doi:10.15244/pjoes/61115. 

[40] A. M. Nizzy, S. Kannan, and S. B. Anand, “Identification of Hydrogen 

Gas Producing Anaerobic Bacteria Isolated from Sago Industrial 

Effluent,” Curr. Microbiol., vol. 77, no. 9, pp. 2544–2553, 2020, 

doi:10.1007/s00284-020-02092-2. 

[41] K. Sabariswaran, P. Papitha, R. Indumathi, S. Sundararaj, and S. P. 

Raj, “Biohydrogen production from sago effluent,” J. Biodivers. 

Environ. Sci., vol. 3, no. 2, pp. 17–23, 2013. 

[42] D. S. Awg-Adeni, K. B. Bujang, M. A. Hassan, and S. Abd-Aziz, 

“Recovery of glucose from residual starch of sago hampas for 

bioethanol production,” Biomed Res. Int., vol. 2013, 2013. 

[43] M. F. Wahida, S. Nurashikin, N. N. Sing, V. Micky, and A. D. S. 

Awang, “Feasibility of Sago bioethanol liquid waste as a feedstock for 

laccase production in recombinant Pichia pastoris,” Res. J. Biotechnol., 

vol. 16, p. 9, 2021. 

[44] H. Nururrahmah, Budiyono, and U. Sudarno, “Physicochemical 

Characteristic of Sago Hampas and Sago Wastewater in Luwu 

Regency,” E3S Web Conf., vol. 73, p. 07007, 2018, 

doi:10.1051/e3sconf/20187307007. 

[45] P. Elaiyaraju and N. Partha, “Studies on biogas production by 

anaerobic process using agroindustrial wastes,” Res. Agric. Eng., vol. 

62, no. No. 2, pp. 73–82, 2016, doi:10.17221/65/2013-RAE. 

[46] S. Abd-Aziz, “Sago starch and its utilisation,” J. Biosci. Bioeng., vol. 

94, no. 6, pp. 526–529, 2002, doi:10.1016/S1389-1723(02)80190-6. 

[47] M. Vincent, B. R. A. Senawi, E. Esut, N. M. Nor, and D. S. A. Adeni, 

“Sequential saccharification and simultaneous fermentation (SSSF) of 

sago hampas for the production of bioethanol,” Sains Malaysiana, vol. 

44, no. 6, pp. 899–904, 2015. 

[48] I. Supu and I. Jaya, “Synthesis and Compression Strength Properties 

of Composite Based on Sago Pulp Fiber Waste,” IOP Conf. Ser. Earth 

Environ. Sci., vol. 187, p. 012005, 2018, doi:10.1088/1755-

1315/187/1/012005. 

[49] J. W. H. Stefanie, O. Elferink, F. Driehuis, J. C. Gottschal, and S. F. 

Spoelstra, “Silage fermentation processes and their manipulation,” in 

Silage Making in the Tropics with Particular Emphasis on 

Smallholders, L. ‘t Mannetje, Ed., FAO, 2000, pp. 17–30. 

[50] S. Vikineswary, Y. L. Shim, J. J. Thambirajah, and N. Blakebrough, 

“Possible microbial utilization of sago processing wastes,” Resour. 

Conserv. Recycl., vol. 11, no. 1, pp. 289–296, 1994, doi:10.1016/0921-

3449(94)90096-5. 

[51] T. H. Rasyid, Y. Kusumawaty, and S. Hadi, “The utilization of sago 

waste: prospect and challenges,” IOP Publishing, 2020, p. 012023. 

[52] H. Y. Ch’ng, O. H. Ahmed, S. Kassim, and N. M. A. Majid, 

“Recycling of Sago (Metroxylon sagu) Bagasse with Chicken Manure 

Slurry through Co-composting,” J. Agric. Sci. Technol., vol. 16, no. 6, 

pp. 1441–1454, 2014. 

 

 

150




