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Sago plant is a valuable source of raw material for the processing
industry and every part is very useful for food and shelter. Moreover, by-products of the Sago processing
industry are useful as animal feed and liquid waste which has not been widely used. There are limited
studies on the use of Sago by-products and sustainability of Sago palm smallholder industry. Therefore, this
study aimed to assess sustainability of Sago palm smallholder industry in Simeulue Regency and identify
the values of each attribute in the four impacting dimensions.

This study was carried out through the direct interview method, using a questionnaire
containing 35 attributes related to 4 dimensions, namely 8 attributes of economy, 12 environmental,
10 social, and 5 technological. The data were obtained from 5 entrepreneurs of Sago palm smallholder
industry in Simeulue Regency, out of a total of 7 active Sago processing factories. Subsequently, the data
were analyzed using Multidimensional Scaling method with rapid appraisal software. Sustainability status
and leverage attributes were analyzed by Monte Carlo analysis and alternating least-squares algorithm.

The results showed that the general sustainability indicators in Sago palm smallholder industry
had an average value of 46.03 percent. This assessment was based on the value for the economic
dimension of 45.56 percent, environmental dimension of 27.89 percent, social dimension of 55.65
percent, and technological dimension of 55.03 percent. Furthermore, it was found that techniques in
several processing stages or use of liquid waste, cultivation skills, and technology process contributed to
sustainable development. This study provided information that production factors needed to be improved
for sustainability of Sago palm smallholder industry in terms of economy and environment. However, the
use of solid and liquid wastes had not been optimally used.

In the economic dimension, an improvement in production factors such as the cultivation
of Sago plant is important because it only relies on plant that live naturally. Furthermore, it is important
to increase the use of Sago pulp as animal feed to improve the substitution of commercial rations usage,
and facilitate sustainability value of the economic dimension. Meanwhile, in the environmental dimension,
there should be study and socialization on the processing or use of liquid waste. This can help in addressing
air and water pollution. In the social and technological dimensions, Sago farmers need to be equipped with
cultivation skills to increase the value of this dimension. In conclusion, Sago palm smallholder industry in
Simeulue Regency needs to be facilitated from upstream to downstream and sustain plant cultivation,
and process Sago commodities using technology while suppressing negative effects on the environment.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Sago flour is obtained from processing the stems of
Sago plant (Metroxylon sagu Rottb), and is a major
food source with significant impact across various
sectors, specifically in Simeulue Regency, Aceh
Province, Indonesia. The processing not only yields
flour for consumption but also generates by-products
suitable for animal feed. However, certain by-
products such as solid and liquid wastes can cause
environmental problems. Despite the prominence of
this plantation in Simeulue Regency, local industry
still relies on naturally occurring Sago plant. Various
studies in Indonesia showed the importance of Sago
as a major food source produced under optimal
cultivation, processing, and marketing systems (Sidiq
et al., 2021). The inefficiency in the supply chain
necessitates solutions grounded in local wisdom and
complemented by government policies to ensure
sustainability of the industry development (Trisia et
al., 2012). In Eastern Indonesia, Sago preservation
practices are deeply entrenched in local culture (Kadir
et al., 2022), while in the western region, specifically
on Meranti Island, Riau Province, efforts toward
sustainable production management have been
initiated (Murod et al., 2019). There have been
limited studies on Sago sustainability in Aceh, the
westernmost island of Sumatra. To ensure production
sustainability, comprehensive support from upstream
to downstream is imperative, including the
development of a more organized industry. The
relatively low prominence and less favorable pricing
based on commodity advantage matrix makes Sago
an economical industrial raw material. Aceh, one of
the provincesin Indonesia with the largest plantations,
has great potential to increase the added value of
Sago through more efficient processing. With a
plantation area of 6,364 hectares (ha), Aceh occupies
a strategic position in Sago production in Indonesia,
after Riau, Papua, and Maluku (Directorate General of
Estates, 2021). Meanwhile, Indonesia has the largest
plantation area, followed by Papua New Guinea,
Malaysia, Thailand, the Philippines, and the Pacific
islands (Ehara et al, 2018). Traditional processing
skills have been cherished as a cultural heritage in
Indonesia, passed down through generations. Several
plantation commodities have undergone
sustainability assessments. Parmawati et al. (2023)
analyzed sustainability index of a potential coffee
plantation in Wagir District, Malang Regency,
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distributing questionnaires to 20 farmers and
conducting interviews with five experts selected
through purposive sampling. Parmawati identified
four dimensions for sustainability analysis, namely
Ecology, Economy, Social Institutions, and Technology.
The results showed a sustainability index of 43.42,
indicating less sustainability for smallholder coffee
plantations in Wagir District. Furthermore, dimension
analysis showed four sensitive attributes in ecology,
three in economy, five in social institutions, and five
in technology. Policymakers are expected to focus on
these sensitive attributes to enhance smallholder
coffee plantations and industries, as well as the
formulation of targeted policies. Sustainability
analysis transcends products to include community-
based coffee agro-tourism services in East Java,
Indonesia (Hidayat et al., 2023). There is a dearth of
studies on sustainability of Sago palm smallholder
industry in Aceh, specifically in Simeulue Regency,
using multidisciplinary scaling (MDS) method. This
method allows for a comprehensive evaluation across
economic, social, environmental, and technological
dimensions (Lloyd et al., 2022). Ingrassia et al. (2022)
investigated producer and consumer perspectives on
motivations, real/perceived difficulties, costs, and
positive impacts of voluntary sustainability program
certification, as well as intentions to make ethical
choices and willingness to spend more money. A
census of manufacturers combined with consumer
surveys and focus groups was conducted, using MDS
to assess producer/consumer opinion polarization
regarding  voluntary  sustainability program
certification. Sari et al. (2023) adopted MDS to
analyze the status of disease control in the peatland
built environment in Bangko, Rokan Hilir, Riau,
Indonesia. A survey was also conducted to assess the
status of disease control through primary data
collection with scoring scales, complemented by
secondary data. Mucharam et. al. (2020) adopted
MDS to assess sustainability of rice farming at the
provincial level in Indonesia, using 32 sustainability
indicators across economic, ecological, social,
technological, and institutional  dimensions.
Moreover, Monte Carlo simulations was used to
determine validity and sensitivity analysis, as well as
the dominant attributes influencing sustainability.
Agovino, et.al (2017) investigated “The driving factors
ofseparatewastecollectioninltaly:amultidimensional
analysis at the provincial level.” Compared with



Italian provinces in 2011, the analysis consists of two
steps. Firstly, characterizing different institutional and
socio-economic contexts through multidimensional
scaling analysis. Secondly, providing evidence about
the existence of subsets among Italian provinces
using cluster analysis. The results showed that
contexts featuring high institutional quality promoted
separate collection processes, whereas tourism-
oriented environments characterized by low
institutional quality did not positively impact recycling
processes. The processing of Sago into flour yields by-
products in the form of solid and liquid waste. Solid
waste, such as Sago pulp, can be used as quality
animal feed after fermentation (Allaily et al., 2023).
The use of solid waste as animal feed not only
mitigates negative environmental impacts but also
serves as a feed source. Previous studies on the use
of Sago for ruminant feed have explored fermentation
technology using molds, yeasts or bacteria to enhance
digestibility by breaking down crude fiber in the form
of lignin and cellulose into simpler forms (Susanti et
al., 2022). The inclusion of fermented Sago pulp up to
45 percent (%) in the total ration helps maintain the
performance of pea goats as small ruminants
(Setiawan et al., 2022). The use of fermented Sago
pulp for waterfowl such as ducks has also been
carried out with less favorable impact on gut
physiology (Allaily et al. 2023). Similarly, in poultry,
specifically native chickens, the use of Sago pulp has
not shown improvements in performance (Ralahalu
et al., 2021). While several studies focused on the use
of Sago pulp as animal feed, sustainability of Sago
production as food and by-products in the form of
solid and liquid waste from palm smallholder industry
in  Aceh remained unreported. Sustainability
evaluation of Sago production can elucidate the
availability of food and feed, as well as contribute
valuable insights related to sustainability across
various dimensions and attributes. Therefore, this
study aimed to provide comprehensive information
on sustainability of Sago palm smallholder industry in
the western region of Indonesia. It also focused on
economic, social, environmental and technological
dimensions, and provided valuable contributions to
academics, government, study stakeholders. This
study hypothesized that providing comprehensive
information on sustainability could enhance the
development of smallholder Sago industry in the
western region of Indonesia. The practical MDS

method offered valuable insights to assist decision-
makers in the industry, particularly concerning waste
management. The primary objectives are as follows:
1) identify sustainability index dimensions, 2)
calculate sustainability index across environmental,
social, economic, and technological dimensions, and
3) identify critical factors influencing Sago production
system. The main objective was to assess sustainability
of Sago palm smallholder industry with the largest
plantation in Aceh Province, particularly on Simeulue
Island, which is one of the primary sources of animal
feed. This study was conducted at the Sustainable
Food System and Manufacturing unit of the National
Research and Innovation Agency, Indonesia, in 2023.

Study area

This study was conducted from April 2022 to May
2023 in Simeulue, Aceh, as shown in Fig. 1. Focus
group discussions (FGDs) were conducted with
entrepreneurs from 7 Sago factories in 5 different
locations of Teupah Selatan, Simeulue Timur, and
Teupah Tengah Districts to obtain data. Simeulue
Regency spans an area of 2,310 square kilometers
(km?), located between 02° 02’ 03”- 03° 02’ 04”
North Latitude and 95° 22’ 15” - 96° 42’ 45" East
Longitude. It is an archipelagic area comprising £+ 57
large and small islands. Simeulue Island measures
+ 100.2 km long and is between 8 - 28 km wide.
In addition, the total land area of the large and
small islands is 212,512 ha. Questionnaires were
administered to various experts associated with
Sago factory workers, solid and wastewater experts,
and business actors. The data collection process was
facilitated through FGDs conducted at each factory.
FGDs aimed to assess the existing conditions of
business actors and support for industry resources
at the study area, providing material for defining
dimensions and sustainability attributes. A total of
four dimensions and 35 attributes, including ecology,
economic, social, and technology, were identified and
subsequently described using a questionnaire with a
Likert scale ranging from 0 to 2 for poor, average, and
good responses.

Simeulue Regency has the largest Sago plantations
in Aceh Province. The Gross Regional Domestic
Product from the agriculture, forestry and fisheries
sectors in 2022 totaled US dollars 37,970,466. Despite
having the largest area dedicated to cultivation,
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ustainability of Sago palm smallholder industry
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Fig. 1: Geographic location of the study area: Sago entrepreneurs in Indonesia

accounting for 30.48%, Simeulue ranks the second
highest producer in Aceh Province (Directorate
General of Estates, 2021).

Data interpretation

Data were interpreted using MDS Rap-Sago, a
derivative of Rapid Appraisal method (Lloyd et al.,
2022). This method was adopted to determine
sustainability index of Sago production, measured

through the following stages (Pitcher and Preikshot,
2001). Analysis of sustainability index is a simple
method for determining sustainability status of
products or processes in a multidimensional manner.
All dimensions were analyzed simultaneously to
generate a scale vector. RapFish is based on the
ordination method of assigning a value (score) to a
measured attribute using MDS of several dimensions.
Each dimension has attributes or indicators related
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Table 1: Sago plant area and total production in Simeulue Regency (Directorate General of Estates, 2021)

No. Items Simeulue regency
1. Immature Sago plant (ha) 445

2. Mature Sago plantation (ha) 1,215

3. Damaged crop (ha) 280

4. Total Sago plant area (ha) 1,940

5. Sago production (Ton) 243

to sustainability status (Pitcher and Preikshot, 2001).
Sustainability level with leverage attributes of Sago
production on Simeulu Island was examined through
Rap-Sago analysis. Specifically, a) attributes relevant
to good intensive Sago production benchmarks
were selected to measure sustainability level, b)
each attribute was assessed on an ordinal scale for
each criterion dimension of sustainability, and c) a
level of sustainability and each leverage attribute of
Sago production was compiled. Sustainability status
was depicted by vertical and horizontal ordinates.
The index value of the good value was 100%, and
bad extreme was 0%. Sustainability status index of
intensive duck-rearing technology had a value scale
of 0-100%. A better value of 50% could be considered
sustainable, and less than 50% as unsustainable.
Meanwhile, sustainability status ordination, which
refers to the score of each characteristic, provides a
summary of sustainability level for each dimension.
Sustainability level of Sago production is represented
by the value point on the x-axis, while the variance in
scores is presented on the y-axis. The coefficient of
determination (R?) was examined by the normalization
of stress value (S). The model is considered good
when both the R? and the S < 0.25% values are
close to 1. Additional attributes are also determined
by S-stress and (R?), representing the accuracy of
the dimensions studied with the real condition
simultaneously (Fauzi and Anna, 2005). Leverage
analysis is also used to identify characteristics that
are sensitive to sustainability. The greatest root mean
square (RMS) values represent the most sensitive
indicators (Pitcher and Preikshot, 2001). Monte Carlo
analysis helps in investigating: a) the relevance of
attribute scoring errors; b) the impact of variations
in scoring resulting from divergent viewpoints or
assessments by study experts; c) the stability of
the persistent MDS analysis process; d) data entry
errors or the possibility of missing data; and e) the
high-stress value of MDS analysis objective. The
interpretation study is considered to correlate with

actual conditions when the difference between the
MDS and Monte Carlo calculation results is less than
one (Kavanagh and Pitcher, 2004). According to Borg
et al. (2018), the y-axis for up is half the top attribute
score of 50, while the y-axis for down is half the
minimum attribute score. The maximum value of the
x-axis for Good is 100, and the smallest value for Bad
is 0. Table 2 shows the prior MDS-based evaluations
of agricultural product sustainability.

Interpretations of the concept of sustainable
development vary widely, although there is agreement
on the need to use sustainability indicators to
measure change. Alaoui et al. (2022) identified
several frameworks available for assessing agricultural
sustainability, including Sustainability Assessment
of Food and Agriculture Systems (SAFA), Response-
Inducing Sustainability Evaluation (RISE), Multiattribute
Assessment of Sustainability of Cropping Systems
(MASC), Land Degradation Assessment in Drylands
(LADA), Sustainability Monitoring and Assessment
Routine (SMART) and Public Goods (PG). Mucharam
et al. (2019) conducted an assessment of sustainability
indicators at the provincial level in Indonesia, focusing
on rice, using Principal Component Analysis (PCA).
Sustainable agriculture was analyzed by Suresh et
al. (2023) using the Driving Force Pressure State
Impact Response (DPSIR) framework. Meanwhile,
Bhattacharya et al. (2023) conducted a sustainable
transportation infrastructure analysis using factor
analysis and structural-equation-modeling (SEM).
Other methods used to measure sustainability of
activity included life cycle assessment, which focused
on environmental aspects (Fan et al., 2022). This
activity adopted MDS, which, according to Lopes and
Machado (2022), is a relevant modeling tool using
present-day computational resources.

All attributes used were spread across four
dimensions, totaling 35. Table 3 shows the question
content of each attribute.
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Table 2: Prior studies used MDS analysis

No Topic Dimensions Sources
1 MDS to visualize and analyze social, environmental, economic Zhang and Ding, 2023
agricultural data
2 Visual analytics of agricultural data by environmental, economic, social Papilo et al., 2022
MDS preference plot
3 Indonesian biodiesel sustainability economic, ecological, social Dharmawan et al., 2020
policy
4 Plant and infrastructure sustainability environmental, economic, social Giuntoli et al., 2022
5 Sustainable development in agriculture social, environmental, economic, Suardi et al., 2022
institutional
6 Sustainability in the production of ecological, social, economic, Santoso et al., 2023
microalgal biomass technological
7 Sustainability garlic production environmental, technological, Paczka et al., 2021
economic, social, and
institutional dimensions
8 Sustainability of chocolate production ecological, social, economic, Fairuzia et al., 2020
institutional dimensions, and
technological
9 Compost environmental, social, economic, Santoso et al., 2023a
Production sustainability institutional dimensions, and
technological
10 Sustainability corn production environmental, technological, Ariningsih et al., 2021
social, economic, and
institutional dimensions
11 Chili farming environmental, economic, social, Mailena et al., 2021
technological, and institutional
dimensions
12 Sustainability of beef farming dimensions of the environment, Kapa et al., 2019
society, economy, technology,
and institutions
13 Dairy cattle dimensions of environmental, Lovarelli et al., 2020
production social, economic, technological,
and institutional
14 Sustainability of buffalo farming environmental, economic, Deb et al., 2016;
technological, and social Rohaeni et al., 2023
dimensions
15 Shrimp culture dimensions of environmental, Sivaraman et al., 2019
social, economic, technological,
and institutional
16 Coffee production environmental, social, economic, Yusuf et al., 2022
and technical aspects
17 Sustainability rice production institutional, environmental, Rachman et al., 2022
social, economic, and technical
aspects
18 Red chili production technical, social, economic, and Nuraini and Mutolib
ecological aspects 2023
19 Black soldier fly production social, economic enviromental, and technical Santoso et al., 2023b
aspects
20 Sustainability of integrated farming institutional, ecological, Widjaja et al., 2023

social, economic, and technical
dimension

Multidimensional sustainability of Sago industry
Multidimensional scaling results showed that Sago
industry in Simeulue Regency was less sustainable,
with sustainability index of about 46.03%. This was
supported by Murod et al. (2019), where management

index score ranged between 32.35-46.85 in Meranti
Regency, Riau. Fig. 2 presents two dimensions
with less sustainability, namely environment and
economic, with sustainability index of 27.89%
and 45.56%, respectively. Meanwhile, social and
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Table 3: Dimensions and attributes used in this study

No

Dimensions

Economy

Environment

Social

Technology

The productivity level
in the cultivation of
Sago

The industry
management level of
Sago production

Potential for scaling
up business
operations/improved
chances of achieving
business objectives
Enhancing the well-
being of managers
and workers through
active participation
Optimizing the
production process of
raw materials

Contribution to the
rise in substitution of
animal feed
ingredients (derived
from Sago waste
materials)

The ease of acquiring
raw materials for Sago
production varies

The rate at which the
market absorbs Sago
production

Optimizing the use of
environmentally friendly
materials in the
production of Sago flour

Enhancing the
resourcefulness of non-
biodegradable materials
in the production of Sago
flour

Optimization of water use
in the process of Sago
production

Maximizing the
effectiveness of electricity
and fuel usage in Sago
production process

The possibility of
atmospheric
contamination

The possibility of
contamination or
pollution of water sources

The use of solid waste
produced from  Sago
manufacturing process

The use of liquid waste
resulting  from Sago
production

The use of gas waste
produced during the
manufacturing process of
Sago

The extent of exploitation
of natural resources, such
as Sago trees, and the use
of land for cultivating
these trees

Possible harm to
biodiversity attributed to
the existence or
cultivation of Sago palms
The potential for disease
spread associated with
the presence or
operations of Sago
industry

Jury

The educational
background, level of
industry managers, or
entrepreneurs engaged
in Sago industry

The participation of
family members in
Sago industry

The degree of drive or
motivation in the
business context,
particularly in Sago
industry

The tendency for public
dissatisfaction or
unrest arising from
Sago industrial process
The tendency for
additional job
displacement resulting
from Sago industry
The extent of
knowledge among
managers or workers
regarding Sago tree
cultivation,
environmental
conservation, or
restoration practices
The tendency for work-
related accidents
occurring in Sago
industry

The possibility of
generating
employment
opportunities for local
residents

The skills of
entrepreneurs/manage
rs in cultivating Sago
plant

The cultivated Sago is
grown naturally

The level of ease of adoption of
Sago production system for the

surrounding community

The level of

specialization/expertise/skills
required for managers of Sago
palm smallholder industry

Availability of Sago production
facilities and infrastructure

Potential for increasing
technology/cultivation
methods/planting Sago

The level of technical/method
sensitivity to the quality and

quantity of Sago production and

Sago dregs
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Economic 45.56%

60
50

Technology 55.03% 0

Environment 27.89%

Social 55.65%

Fig. 2: Multidimensional sustainability of Sago industry in Simeulue Regency

technology dimensions were relatively sustainable,
with sustainability index of 55.65% and 55.03%,
respectively. This study provided the necessity
to improve production factors for sustainability
of the local Sago industry in Simeulue Regency
across all dimensions, particularly economic and
environmental. It is necessary to foster integration
activities between Sago industry and livestock by
using industrial waste (solid waste), for animal
feed to enhance sustainability value, specifically
in environmental, social (Garrett et al., 2017), and
economic aspects. The development of animal
feed innovations based on Sago small industry can
promote sustainable agriculture and support Global
Sustainable Development Goals (SDG) by reducing
food waste and responsibly using resources. Feeding
strategies that minimize environmental impact and
use waste through circular systems for animal feed
production are crucial for enhancing sustainability
of animal feed production. The application of
technology is also crucial for transforming food
waste into safe, nutritious feed products, thereby
adding value and achieving sustainability (Wani et
al., 2023). A sustainable feed production system
should be efficient, generate economic resources for
farmers, and adopt conservation strategies (Cakmaci

et al., 2023). Regarding Sago Industry, according to
Waulan (2018), the low yield category had 14.88%
due to higher solid waste (854,89 kg/ton of Sago
stems) and liquid waste (29,464.2 liters/ton/year),
indicating the potential for further use of solid waste.
Therefore, advocated for promoting waste use and
explaining the value-add potential of Sago processing
to stakeholders to garner interest and participation.
Widjaja et al. (2023) reported on integration activities
between organic fertilizer production, chicken feed,
and laying hen farming by using palm oil mill by-
products and chicken manure waste for organic
fertilizer, resulting in a multidimensional sustainability
index ranging from 74.29% to 93.79%.

Economic dimension

In economic dimension, the highest value of 4.08
was generated concerning the contribution to the
increase in substitution of animal feed ingredients
(from Sago waste products). The potential of
Sago pulp as an alternative feed ingredient to
substitute main rations, specifically for poultry, has
been extensively reported in various studies. For
instance, the use of fermented Sago pulp at 5% in
the ration maintained the performance of native
chickens to conform with the performance of 100%
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commercial rations (Ralahalu, et al., 2021). However,
the application of solid waste from Sago palm
smallholder industry in Simeulue Regency remained
very low. The global livestock sector is characterized
by diverse dynamics. In developing economies,
livestock sector is rapidly evolving in response to
increasing demand for livestock products driven
by population growth, higher prosperity, and
urbanization. Meanwhile, in developed economies,
demand for animal products is stagnating, with
many production systems enhancing efficiency and
environmental sustainability. Production is proposed
to be increasingly influenced by globalization of
trade in feed commodities and livestock products,
competition for naturalresourcesleading tovolatility,
and the necessity to operate in a carbon-constrained
economy. Moreover, livestock production can be
increasingly shaped by consumer and societal
concerns, as well as legislative measures. There
is considerable uncertainty regarding how these
factors will unfold in different regions of the world
in the coming decades. Animal feed and nutrition
play a crucial role in the livestock production chain,
bridging crop cultivation, animal protein production,
and processing. Rising demands and constrained
supplies create challenging environments where
animal feed operators and farmers need to
continuously balance activities, considering animal
performance as well as customer, consumer, and
societal demands. Since animal feed contributes up
to 80% of the total costs in meat production, and
profits in the chain are typically under pressure, the
enhancement of feed and feeding programs has
garnered and will continue to receive significant
attention to optimize productivity and efficiency.

An investigation was conducted on the use of Sago
pulp, comprising 30% mixed raw materials such as
bran, corn flour, coconut meal, and fish meal in the
form of pellet feed. This can significantly increase
wafer performance and the dry matter content from
90.67% to 91.80% (Mucra et al., 2020). Furthermore,
the application at up to 30% in the starter phase of
indigenous chickens can improve performance (Rianza
et al., 2019). In superior native chickens, Sago pulp
can replace conventional feed ingredients with the
lowest feed conversion ratio (3:1) (Zurriyati, 2023).
Despite the potential for optimizing profits through
maximum production, the cultivation level of the
plantations as raw material for Sago production is

currently nonexistent (Wahyuni, 2013). Without any
cultivation efforts, factories are compelled to relocate
when Sago source is depleted or distant, resulting
in expensive transportation costs. Consequently,
factories are established closer to abundant sources
for entrepreneurs to consistently harvest. According
to Fig. 3, Simeulue Regency needs to organize
a planting process for sustainability of the local
industry. This ranks as the second-highest attribute
to be considered for enhancing the potential of the
economic dimension. Following closely in economic
importance is market absorption. Sago products have
diverse applications in various countries, namely liquid
sugar, flavoring (monosodium glutamate), noodles,
caramel, Sago pearls, crackers, and adhesives. Sago
starch also serves as an acetone-butanol-ethanol
substrate (Amni et al, 2019). Despite the potential
to contribute to global food security, studies on Sago
palms have been limited. The plant can thrive in areas
where other food plants cannot, such as wetlands and
peatlands. Besides producing edible starch, various
parts of the plant can be used for animal feeds, Sago
worm production, roofing materials, weaving mats
and baskets. This diversification can improve rural
economy by generating employment opportunitiesand
increasing family income (Konuma and Ehara, 2018).
However, the development of downstream products
from Sago palm, such as bark and pulp waste, is still
relatively limited and suboptimal. Sago bark remains
underutilized, and most pulp waste is discarded into
rivers (Rasyid et al., 2020), despite the significant
economic potential of the main product and the use.
With Sago starch having unique properties suitable
for specific application, it remains relatively unknown
on the international market compared to corn or
cassava flour. Most leading starch producers cater to
domestic demands, and there is a lack of awareness
among buyers regarding the unique properties.
Therefore, further investigation and development
or modification of existing products are necessary to
enhance awareness and market penetration before
addressing other factors such as cost, quantity, and
supply sustainability (Jong and Ehara, 2018). By-
products of Sago can be used to produce animal
products with economic and commercial value. This
can help reduce production costs, enhance sustainable
agricultural practices, mitigate environmental impact,
and promote circular economy principles (Chisoro
et al., 2023). Economically, incorporating Sago dregs
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The rate at which the market absorbs sago
production

The ease of acquiring raw materials for sago
production varies

Contribution to the rise in substitution of
animal feed ingredients (derived from sago
waste materials).

Optimizing the production process of raw
materials

Enhancing the well-being of managers and
workers through active participation.

Attribute

Potential for scaling up business
operations/improved chances of achieving
business goals.

The industry's management level of sago
production

The productivity level in the cultivation of sago

RMS (on Sustainability scale 0 to 100)

4.08

o
o
)

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50

Fig. 3: Leverage attribute for economic dimension

into animal feed offers breeders cheap formulation
options and easier access to livestock feed with lower
transportation costs. This not only benefits breeders
but also provides an additional revenue stream for
small-scale processing industry through the sale of
dregs, thereby contributing to sustainability of the
industry. Studies reported that neutral detergent fiber

(NDF) content of Sago ranged from 18.87% to 26.75%,
compared to 36.53% for maize. However, the texture
of Sago fiber is harder than corn. High fiber content
can increase intestinal viscosity, pathogenic microbial
populations, as well as reduce pancreatic enzyme
activity and nutrient digestibility. There are limited
studies on the improvement of nutritional value of
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diets containing Sago through the addition of different
types of feed additives such as synbiotics, prebiotics,
and probiotics. The results of Economic Dimension
analysis showed that the value of Sago production
was highly dependent on availability of raw materials.
Since there is no cultivation process on Simeulue
Island, improving this attribute can enhance Economic
Dimension value. Using Sago dregs is a lucrative
industry that significantly benefits breeders. In addition
to producing food, Sago also provides dregs suitable for
animal feed, particularly for cows. Simeuleu Regency,
being a livestock center, different feeds are necessary
to meet the demands of beef cattle. Farmers can use
dregs as an alternate feed to enhance the growth of
cattle while minimizing costs. The economic dimension
analysis of this study was in line with the previous
explanation. Generally, sustainability index for the
economic dimension was 45.56%. The most significant
contribution to farmers was the use of Sago waste
as animal feed (91%), compared to the absorption of
product (30%). Therefore, improving farmer welfare
(32%) and business development potential (23%)
through this was relatively low. The productivity level
of plantations had quite good leverage at 51%, while
the efficiency of raw material production at 28% was
not matched by production management, leveraging
at only 1%. Recommendations for enhancing
economic dimension include: 1) increasing knowledge
of Sago starch production and marketing management
through training programs for farmers; 2) educating
international Sago starch market through research and
development publications.

Environment dimension

Analysis of the environmental dimension of
sustainability comprised eleven attributes. The
results showed that sustainability index value of
environmental dimension was 27.89%, falling in the
less sustainable range of 25.01%-50%. Moreover, the
leverage analysis of environment dimension showed
that the attribute with the most dominant influence
on sustainability index value was the potential for
air pollution (Fig. 4). In Sago processing industry,
wastewater was typically directed to storage ponds
without treatment, leading to the sedimentation of
water, the emission of acidic odors, and air pollution
around the industry. Currently, Sago starch industry is
faced with waste management challenges, resulting
in environmental pollution and health hazards (Amin

et al., 2019). Several industries still dispose waste
directly into rivers (Saleh et al., 2020). The volume
of waste disposal into rivers is substantial due to
high water requirement of industry (28,612 liters/
ton of Sago starch) (Wulan, 2018) for the extraction
of Sago flour from fiber, necessitating proximity to
water sources (Rasyid et al. 2020), and leading to
potential water and air pollution (Periyasamy and
Sagar, 2021). Sari et al. (2020) reported that river
water contaminated with Sago waste exceeded
recommended threshold parameters. Considering
this situation, preventive measures are necessary. To
reduce environmental pollution, it is crucial to design
low-cost wastewater treatment systems (Periyasamy
and Sagar, 2021), with government supervision
and control playing a significant role (Saleh et al.,
2020). The conversion of Sago wastes into useful
products presents a promising method to mitigate
environmental pollution (Amin et al., 2019). Various
products are derived from the use of industry waste
(Amin et al., 2019). Solid waste emitting odors in
some areas has elicited protests from residents, with
liquid waste, turning black and emitting a sour smell.
By using these by-products as feed ingredients,
smallholder industries can reduce environmental
footprint, contribute to resource efficiency, and
minimize waste. Livestock plays a crucial role in
using food waste and by-products by converting
low-value materials into high-quality products, a
practice also observed in Canada (Ominski et al.,
2021). Another significant leverage point impacting
the environmental dimension is the efficient use
of electricity and fuel during production process.
Efficient fuel use is particularly crucial because,
according to Wulan (2018), fuel consumption in Sago
industry is considerable. Increased fuel consumption
during Sago harvesting and starch processing in
factories contributes to GHG emissions. To address
these issues, an energy-independent Sago starch
production process using by-products and liquid
waste is a potential solution. For instance, processing
1,000tons of Sago per day withan optimalyield of 14%
has the potential to generate approximately 90,562
Kilowatt-hours (kWh) of energy. This energy output
can satisfy the processing energy requirements,
totaling 26,070 kWh, enabling the transition of
Sago starch production into a closed production
system (Bantacut and Indriyani, 2022). Studies on
waste sugarcane for biomass energy in supplying
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The potential for disease spread associated with
the presence or operations of the sago industry

Possible harm to biodiversity attributed to the
existence or cultivation of sago palms

The extent of exploitation of natural resources,
such as sago trees, and the utilization of land for
cultivating these trees

The utilization of gas waste produced during the
manufacturing process of sago

The utilization of liquid waste resulting from the
production of sago

The utilization of solid waste produced from the
2 sago manufacturing process

>
2
-
Tﬁe likelihood or possibility of contamination or
pollution of water sources

The likelihood or possibility of atmospheric
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Maximizing the effectiveness of electricity and
fuel usage in the sago production process

Optimization of water utilization throughout the
process of sago production

Enhancing the resourcefulness of non-
biodegradable materials in the production of
sago flour.

Optimizing the utilization of environmentally
friendly materials in the creation of sago flour
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Fig. 4: Leverage attribute for environment dimension

electrical energy have shown promising results, with of Madukismo sugar factory (Syahputra et al., 2020).
sugarcane waste (averagely 1,035 tons/day) meeting  Therefore, the use of industrial waste as an energy
all electrical energy requirements for the operation source offers a solution for future energy efficiency.
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Social dimension

Analysis of sustainability of social dimension was
conducted on 9 attributes. MDS Rap-Sago-industry
analysis showed that sustainability index value of the
dimension was 55.65%, falling in the range of 50.01%
- 75%, indicating a fairly sustainable state. This
suggested that the social contribution to sustainability
of Sago industry production process in Simeulue was
quite good. The results were supported by Yusuf
et al. (2019) regarding Sago industry activities in
South Sorong. Leverage analysis of social dimension
showed that the attribute of dominant influence
on sustainability index value was the knowledge
level of manager/worker in Sago tree cultivation or
environmental conservation and restoration (Fig.
4). The highest leverage point in social dimension
correlated with the leverage point in technology
dimension, where the level of knowledge, skill, or
expertise of managers/workers played a crucial role
in industry activities. This condition, according to
Partini et al. (2023), can lead to low Sago productivity.
Human resources skills were also identified by Yusuf
et al. (2019) as a leverage point in social dimension of
the continuation of industry activities in South Sorong,
in addition to partnerships and Sago farmer income.
Rizky et al. (2023) showed a positive and significant
influence between knowledge and business success.
Therefore, coaching, education (Sari et al., 2020), and
training were essential. According to Heylen et al.
(2020), training provides significant and measurable
benefits for welfare and economic growth without
causing significant negative environmental impacts.
This method can address other leverage points
(attributes), such as the potential for job losses in
Sago industry and the potential for public unrest
due to industrial processes. The analysis of attribute
leverage results for social dimension (Fig. 5) showed
that out of the nine analyzed attributes, three sensitive
attributes significantly influenced sustainability
of the activity, namely: 1) The level of knowledge
of managers/workers in Sago palm cultivation or
environmental conservation and restoration, 2) The
potential for other job losses in Sago industry, and
3) The potential for community unrest due to Sago
industry processes.

The highest leverage point in social dimension
was quite similar to the leverage point in technology
dimension, where knowledge, skills, or abilities of
managers/workers played a crucial role in industry

activities. Skilled human resources serve as leverage
pointsin social dimension for sustainability of industry
activities in South Sorong, alongside cooperation
and income for farmers (Yusuf, 2019). Rizky et al.
(2023) found a positive and significant influence of
knowledge in entrepreneurial industry on business
success. Through continuous training, significant and
measurable benefits can be provided for well-being
and economic growth without significant negative
impacts on the environment (Heylen et al., 2020). This
also addresses other attributes, namely the potential
for job losses and the potential for community unrest
due to industry processes.

Technology dimension

The results of sustainability analysis, using five
attributes, showed that the status of technology
dimension was fairly sustainable with sustainability
index value of 55.03%. This was supported by Yusuf
et al. (2019) regarding Sago industry activities in
South Sorong. Irianto et al. (2023) also reported a
smaller sustainability index for technology dimension
in organic paddy farming, namely 49.49%. The
application of technology in Sago industry process
in Simeulue Regency still required improvement.
According to Girsang (2018), a sustainable Sago
industry requires adaptive technology to increase
added value and efficiency. This notion was supported
by Timisela et al. (2021), which identified technology
as the biggest contributing factor to the development
of Sago agroindustry, followed by capital, human
resources, production, and marketing. In line with
Yusuf and Romli (2020), technology is the most crucial
factor in maximizing Sago starch production efficiency
by applying cleaner production methods. Ishak et al.
(2021) reported that technology was a significant
challenge in increasing Sago production in Sarawak.
Moreover, it was not only essential for increasing
production but also for improving the quality of Sago
flour (Talakua and Rukoyah, 2023). The analysis of
leverage attribute for technology dimension showed
that one attribute dominated compared to the other
four, namely the level of specialization/expertise/
skills needed for managers in Sago industry (Fig. 6).
Saediman et al. (2021) identified skills and expertise
as crucial elements in industry management. The lack
of technical skills was also identified as one of the
challenges to the implementation of Sago production
differentiation technology, aimed at meeting market
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The sago used is sago plants that grow naturally

The skills of entrepreneurs/managers in cultivating
sago plants

The possibility of generating employment
opportunities for local residents

The likelihood of work-related accidents occurring
within the sago industry

The extent of knowledge among managers or
workers regarding sago tree cultivation,
environmental conservation, or restoration...

The likelihood of additional job displacement
resulting from the sago industry

Attribute

The likelihood of public dissatisfaction or unrest
arising from the sago industrial process

The degree of drive or motivation within the
business context, particularly in the sago industry

The participation or engagement of family
members within the sago industry

The educational background or level of industry
managers or entrepreneurs involved in the sago
industry

RMS (on Sustainability scale 0 to 100)
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Fig. 5: Leverage attribute for social dimension

needs. The implementation of technology was
essential as it helped improve the efficiency of Sago
production and reduce negative environmental
impacts. A more efficient and environmentally
friendly Sago treatment technology can also be

developed. Therefore, human resource development
needs attention, specifically in mastering technology
related to Sago industry. Technology transfer,
according to Suwanan et al. (2021), is closely
related to the implementation of extension services.
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How sensitive the technical or methodological
aspects are to the quality and quantity of sago
production and its by-products

The possibility of enhancing technology,
cultivation methods, or sago planting
techniques

The accessibility or presence of facilities and
infrastructure for sago production

Attribute

The degree of specialization, expertise, or skills
needed for managers in the community's sago
industry.

The degree of ease with which the surrounding
community can adopt the sago production
system

RMS (on Sustainability scale 0 to 100) 0.00

5.15

0.22

2.00 4.00 6.00

Fig. 6: Leverage attribute for technology dimension

Dalampira et al. (2022) stated that extension workers
acted as trainers, innovators, educators, mentors,
organizers, technicians, consultants, and advocates
in technology transfer, a continuous process with
follow-up activities (Rani et al., 2021).

The analysis of leverage attribute for technology
dimension indicated that one attribute dominated the
other four. This included the level of specialization/
skills/expertise required for managing community-
based Sago industry (Fig. 6). Therefore, human
resource development should be considered,
particularly in mastering technology related to Sago
industry, as well as the role of extension services.
Technology transfer in Indonesian agriculture,
according to Suwanan et al. (2021), is closely related
to the provision of extension services.

In conclusion, sustainability value of Sago palm
smallholder industry in Simeulue Regency, viewed
through Economic Dimension, firstly, required
improvements in production factors. This was
specifically crucial for the cultivation of Sago plant,
relying solely on naturally growing Sago resources.
Secondly, there was a need to increase the use of
Sago pulp as animal feed to enhance the substitution
of commercial rations and improve sustainability
value of economic dimension. In environmental
dimension, studies and socialization efforts were
crucial regarding the processing or use of liquid
waste. This method could help mitigate pollution
to soil, water, and air. Furthermore, farmers should
be equipped with cultivation skills to enhance the
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value of social and technological dimensions. Sago
palm smallholder industry required support from
upstream to downstream to organize cultivation,
process commodities using technology, and reduce
negative environmental impacts. Based on the main
objective of calculating Sago industrial sustainability
index, a quantitative conclusion was formulated on
the value of sustainability index. The results showed
a less-than-optimal sustainability of smallholder Sago
industry and waste use for animal feed in Simeulue
Regency, as indicated by sustainability index of
approximately 46.03%. Environmental dimension
specifically showed sustainability index of 27.89%.
In contrast, economic, social, and technological
dimensions showed moderately sustainable statuses
with sustainability index ranging from 45.56%
to 55.65%. This suggested that while there were
areas of moderate sustainability, urgent attention
was required to address environmental concerns.
In the complex landscape of sustainability, a total
of 35 leverage attributes crucial for influencing
sustainability of the community Sago industry
management and waste use for animal feed was
identified. The attributes included factors such as
the contribution to increasing the substitution of
animal feed ingredients from Sago waste products,
the potential for air pollution, the knowledge level
of Sago tree management among worker managers,
as well as the requisite specialization, expertise, and
skills for managers in palm smallholder industry.
Recognizing these as highly sensitive factors, strategic
management and improvement of the attributes were
necessary for enhancing sustainability. Moreover,
the attributes could serve as basis for developing
targeted policies aimed at sustaining Sago palm
smallholder industry. This study offered valuable
insights into the current state of sustainability in Sago
industry and waste use for animal feed. By identifying
the crucial role of environmental dimension and
addressing key leverage attributes, policymakers
and industry stakeholders could collaboratively work
toward implementing targeted strategies to improve
sustainability and ensure the longevity of Sago palm
smallholder industry in the area. This study also
provided a roadmap for informed decision-making,
demonstrating the interconnectedness of economic,
social, environmental, and technological factors in
achieving a more sustainable Sago industry.
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