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BACKGROUND AND OBJECTIVES: Forest honey is a non-timber forest product that sup-
ports community welfare while maintaining ecosystem biodiversity. This study aimed to 
evaluate the level of sustainability of forest honey production in Riau Province by deter-
mining and analyzing the sustainability index.
METHODS: Data were collected through literature review, focus group discussions, and 
expert questionnaires involving practitioners and stakeholders with more than five years 
of experience in forest honey production and management. The data obtained were then 
analyzed using a multidimensional scale technique covering environmental, economic, 
social, technological, and institutional aspects. Monte Carlo analysis and the alternating 
least-squares algorithm were used to examine the sustainability status and significant 
characteristics. 
FINDINGS: The results showed that the sustainability index reached 76.26 percent, cate-
gorized as highly sustainable. The environmental, economic, and social dimensions were 
found to be sustainable, while institutional and technological aspects remained moder-
ately sustainable and need further strengthening. Key attributes influencing sustainability 
include distribution systems, product prices, training opportunities for honey collectors, 
digital marketing, and product certification.
CONCLUSION: Strategic recommendations include improving institutional capacity, ex-
panding the use of digital technology, continuous technical training, and developing long-
term business strategies. This study introduces a multidimensional sustainability assess-
ment model that integrates ecological, economic, social, technological, and institutional 
aspects, offering a replicable framework for sustainable forest honey management in In-
donesia and beyond.
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INTRODUCTION
Forests play a strategic role in achieving global sus-
tainable development goals, especially in the context 
of climate change mitigation, biodiversity conserva-
tion, and food security. Forest ecosystems serve not 
only as carbon sinks but also as habitats for numerous 
species and sources of livelihood for local communi-
ties (Djenontin et al., 2024). The increasing global 
concern about forest degradation and deforestation 
has prompted reevaluating how forests are managed, 
including the sustainable utilization of Non-Timber 
Forest Products (NTFPs). These products, includ-
ing resins, medicinal plants, and forest honey, have 
garnered attention for their potential to align con-
servation efforts with local economic development 
(Yumantoko et al., 2025). In Indonesia, with its vast 
tropical forests, the sustainable management of NT-
FPs has become a key issue at both national and re-
gional levels (Djenontin et al., 2024). Among various 
NTFPs, forest honey stands out as a significant eco-
logical and economic commodity. It provides an alter-
native livelihood for forest-edge communities while 
fostering environmental stewardship. The province 
of Riau, located in Sumatra, is one of Indonesia’s ma-
jor forest honey-producing regions, with production 
zones categorized based on forest cover types (Priba-
di and Wiratmoko, 2020). Forest honey production in 
this region depends heavily on the integrity of forest 
ecosystems, particularly the availability of nectar-pro-
ducing flora and stable microclimates suitable for wild 
bee colonies. The high dependency of forest bees on 
intact ecosystems positions honey production as an 
indicator of biodiversity health and forest sustainabil-
ity. Previous studies have emphasized the socio-eco-
nomic importance of forest honey, particularly its 
contribution to household income improvement and 
conservation-oriented livelihoods (Asmara and Nur-
lia, 2020). However, despite its strategic potential, 
forest honey production in Riau faces significant sus-
tainability challenges. Land conversion into mono-
culture plantations has disrupted ecological balance 
and altered bee foraging patterns due to declining 
floral diversity. Additionally, frequent anthropogenic 
forest fires contribute to habitat degradation, smoke 
pollution, and displacement of bee colonies. These 
environmental pressures are compounded by unsus-
tainable harvesting practices—such as cutting entire 
hives—which reduce long-term productivity and 
hinder colony regeneration (Triyatno et al., 2024). 

Limited technical capacity in post-harvest handling, 
storage, and packaging further affects honey quality 
and market competitiveness (Irmawanty et al., 2023). 
Although various community-based forest honey ini-
tiatives have emerged across Indonesia, existing stud-
ies remain largely fragmented. Most research has 
focused on isolated dimensions, such as socio-eco-
nomic outcomes or ecological indicators, without 
integrating the broader institutional and techno-
logical contexts that shape sustainability outcomes. 
This partial approach has resulted in limited under-
standing of the complex interactions among ecolog-
ical integrity, economic viability, social acceptance, 
technological capability, and institutional support 
within forest honey production systems. Consequent-
ly, a significant knowledge gap persists in the form of 
comprehensive, multidimensional assessments that 
can effectively inform policy formulation and adap-
tive forest management strategies. The absence of in-
tegrated diagnostic frameworks has also contributed 
to a disconnect between sustainability policies and 
the practical challenges faced by forest-dependent 
communities. There is therefore an urgent need for 
empirical, evidence-based assessment models that 
holistically capture multiple sustainability dimensions 
and identify key leverage factors for long-term inter-
vention design. This study addresses these gaps by 
applying a comprehensive multidimensional sustain-
ability assessment to forest honey production sys-
tems in Riau Province. The research employs a Mul-
tidimensional Scaling (MDS) approach through the 
Rapid Appraisal for Fisheries (RAPFISH) method to 
evaluate sustainability status across five dimensions: 
environmental, economic, social, technological, and 
institutional. A participatory approach is adopted 
by integrating primary data from structured ques-
tionnaires, interviews, and Focus Group Discussions 
(FGDs), alongside secondary data from literature and 
institutional reports. The use of MDS is particularly 
suited to identifying key sustainability attributes, un-
derstanding relationships between variables, and of-
fering a visual representation of sustainability levels 
in each dimension (Fadilah et al., 2021). Its flexibility 
and ease of application in participatory rural assess-
ments make it an effective tool for sustainability diag-
nostics. MDS has been successfully applied in various 
sectors to evaluate sustainability performance. For 
instance, it has been employed in the analysis of algal 
biomass farming (Santoso et al., 2023a), integrated 
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duck production systems (Bakrie et al., 2023), cattle 
production (Rohaeni et al., 2024), coconut sugar pro-
duction (Handayani et al., 2025), In the realm of NT-
FPs, MDS has also been used to examine the sustain-
ability of animal feed from sago (Allaily et al., 2024), 
landslide management (Sittadewi et al., 2025) and 
agricultural compost systems (Santoso et al., 2023b). 
However, limited research has applied this method to 
evaluate forest honey production systems, especially 
with an emphasis on ecological and socio-institution-
al interactions within forest-dependent communities 
in Indonesia. This research offers a novel contribution 
by integrating the MDS approach into the assessment 
of forest honey sustainability, which is rarely conduct-
ed in the current literature. Its uniqueness lies in the 
inclusion of multi-stakeholder perspectives in identi-
fying critical leverage factors across the five dimen-
sions. The framework developed here has the poten-
tial to be replicated in other NTFP-producing regions 
across Indonesia. Moreover, by employing a diag-
nostic lens rather than a merely descriptive one, this 
study bridges the knowledge-policy gap and supports 
sustainable forest governance models grounded in 
empirical evidence.  From a practical standpoint, this 
study is expected to not only reveal the sustainabil-
ity level of forest honey production in Riau but also 
to identify key barriers and enabling factors in each 
dimension. These findings can inform the prioritiza-
tion of policy interventions, such as improving har-
vesting techniques, strengthening institutions, or en-
hancing technological adoption among local actors. 
Furthermore, by mapping the relationships among 
sustainability indicators, the research enables target-
ed strategies that can enhance the resilience of for-
est honey enterprises while maintaining biodiversity 
conservation goals. Ultimately, this research serves as 
a strategic input for the formulation of integrated and 
evidence-based forest development policies in Riau 
Province. The study aims to synchronize the interests 
of diverse stakeholders, including honey farmers, co-
operatives, technical government agencies, local gov-
ernments, and legislators. The outcomes are expect-
ed to contribute to a more inclusive, data-driven, and 
sustainable forest management system that not only 
enhances local well-being but also strengthens Indo-
nesia’s national agenda for biodiversity and climate 
resilience. To achieve these objectives, the research 
survey was conducted in Riau Province, Indonesia, 
during July and August 2025. 

MATERIALS AND METHODS
Study area

This study was conducted by examining data re-
lated to forest honey production activities in Riau 
Province (Fig. 1). The research locations represent 
collection and processing centres for honey produced 
by local communities in each regency of Riau Prov-
ince. These locations include areas that still maintain 
forests with sialang trees and other large trees as the 
primary habitat of Apis dorsata bees. Honey harvest-
ing and processing begin with several stages, such as 
site selection and sialang tree surveys, followed by 
traditional forest honey harvesting. Post-harvest, the 
honey undergoes extraction, filtration, and packag-
ing, as well as marketing. 
The honey hunters are predominantly of Malay eth-
nicity and Muslim. Knowledge transfer occurs from 
parents to children within honey hunter families, 
where children are involved by observing harvest-
ing practices or participating in the work carried out 
by their parents during honey collection. In terms 
of formal education, the older generation generally 
completed elementary school and junior high school, 
whereas some younger generations have continued 
their education through senior high school and even 
to university level. Information regarding forest hon-
ey production in Riau Province is presented in Table 1, 
and documentation of forest honey harvesting activ-
ities in Siak and Pelalawan Regencies, Riau Province, 
is shown in Fig. 2.

Research materials and procedure
Secondary data were obtained from scientific jour-
nals and other literature related to the sustainability 
of forest honey production. In addition, data were 
gathered through FGD and the distribution of ques-
tionnaires to nine experts who have extensive experi-
ence and understanding of forest honey production. 
The selected experts had a minimum of three years 
of experience in forest honey production. Respon-
dents consisted of representatives of cooperatives, 
forest honey entrepreneurs, distributors, and experts 
involved in forest honey production programs. To 
determine relevant research attributes, an in-depth 
literature review and expert consultations were car-
ried out. A total of approximately a dozen expert in-
formants were involved in this study. These experts 
were purposively selected based on their demon-
strated expertise and practical experience across the 
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Fig. 1: Study location in Riau Province, Indonesia 

The honey hunters are predominantly of Malay ethnicity and Muslim. Knowledge transfer occurs 
from parents to children within honey hunter families, where children are involved by observing 
harvesting  practices  or  participating  in  the  work  carried  out  by  their  parents  during  honey 
collection.  In  terms  of  formal  education,  the  older  generation  generally  completed  elementary 
school and junior high school, whereas some younger generations have continued their education 
through  senior  high  school  and  even  to  university  level.  Information  regarding  forest  honey 
production in Riau Province is presented in Table 1, and documentation of forest honey harvesting 
activities in Siak and Pelalawan Regencies, Riau Province, is shown in Fig. 2. 
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Fig. 1: Study location in Riau Province, Indonesia
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entire forest honey value chain. The expert group in-
cluded forest honey collectors and beekeeping prac-
titioners, forest ecosystem specialists, entomologists, 
post-harvest and processing experts, honey collec-
tors and traders, laboratory analysts responsible for 
honey quality testing, as well as actors involved in 
product distribution and marketing. All experts had 
a minimum of three years of professional experience 
in their respective fields related to forest honey pro-
duction and management. Expert consultations were 
conducted iteratively through FGDs and follow-up 

discussions to identify relevant sustainability attri-
butes for forest honey production. Attribute selec-
tion was guided by an extensive literature review and 
validated through expert consensus. The attributes 
were organized into five sustainability dimensions: 
environmental, economic, social, technological, and 
institutional. Each expert completed a structured 
questionnaire assessing the condition of each attri-
bute using a standardized scoring scale. To ensure 
data robustness and saturation, expert responses 
were examined for consistency across consultation 
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rounds. Data saturation was considered achieved 
when additional expert inputs no longer resulted in 
substantive changes to attribute scores or dimen-
sion-level patterns. The individual scores provided 
by experts were then aggregated by calculating the 
average value for each attribute. Attribute weighting 
was derived from FGD outcomes, reflecting the per-
ceived importance of each attribute within its respec-
tive dimension. Weight normalization was applied so 
that the total weight of all attributes equaled one (1), 
ensuring internal consistency and transparency in the 
MDS analysis. The processed dataset consisting of av-
eraged attribute scores and normalized weights was 
subsequently formatted and analyzed using the MDS 
method implemented through the RAPFISH software, 
as developed by Pitcher and Preikshot (2001).
The sustainability of the honey production program 
was evaluated using the MDS approach and the Rap-
id Appraisal (RAP) quick assessment tool for forest 
honey production programs. The identified attributes 
indicate levels of sustainability across various dimen-
sions, adjusted according to the availability of specific 
resource information (Kavanagh and Pitcher, 2004). 
Five dimensions were analyzed: environmental, eco-

nomic, social, technological, and institutional. A to-
tal of 52 attributes were evaluated. These attributes 
were organized in a questionnaire using a Likert scale 
with three options: 1 for low, 2 for medium, and 3 for 
high. The sustainability index value derived from the 
data processing ranges from 0 to 100 and is divided 
into four sustainability categories. The sustainability 
assessment index used in this study is presented in 
Table 2. Rapfish operates using a rapid appraisal scor-
ing system. Scores in Rapfish generally originate from 
three main sources: peer-review scoring, in which 
scores are based on reviews of scientific documenta-
tion with predetermined thresholds; grey literature, 
where scores are derived from previous analyses, 
whether published or unpublished; and expert judg-
ment, where scoring is determined through expert 
consensus, either via FGD or through other methods 
such as the Delphi Technique.
To determine the level of influence of each attribute 
on the sustainability of forest honey production, a 
leverage factor analysis was conducted using the MDS 
approach. Leverage factors are used to measure the 
sensitivity of an attribute to changes in the sustain-
ability index value. The resulting leverage values are 

d) e) f)

Fig. 2: Documentation of forest honey harvesting in Siak Regency: a) Sialang tree; b) Bee nest on a sialang tree; c) Harvesting process of forest 
bee nests; d) Harvested Forest bee nests; e) Transportation of forest honey; f) Storage of forest honey. Source: Author’s documentation
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interpreted based on specific categorizations, allow-
ing the identification of which factors are dominant 
and should be prioritized in system improvements. 
The criteria for leverage factor values are explained in 
Table 3, as outlined by Pitcher and Preikshot (2001). 
In the MDS method, each object or point is represent-
ed in a multidimensional space, where the distance be-
tween two points reflects the degree of difference be-
tween objects; the closer they are, the more similar they 
are. The distance analysis is carried out using Euclidean 
distance in n-dimensional space (n-space). Widely sep-
arated points were employed to denote items or points 
that differed from each other. In MDS, ordination or dis-

tance determination is based on Euclidean distance in 
n-space using Eq. 1 (Lloyd et al., 2022).
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The Alternating Least Squares Scaling (ALSCAL) algo-
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Table 1: Forest honey production data in Riau Province

Harvest Location Number of 
Farmer Groups

Production (kg/
month)

Honey 
Selling Price 

(IDR/Kg)

Honey Distribution 
Areas Remarks

Sungai Apit 
Sub-district, Siak 
Regency

8 300 - 450 100,000 – 
150,000

Tanjung Balai 
Karimun, Padang, 
Kampar, Pekanbaru, 
Jakarta, Yogyakarta

Primary data, 2025

Tesso Nilo 
National Park - 156 - 167 120,000 - Susanto et al., 2022

RAPP Area - 146 120,000 - Susanto et al., 2022

Rantau Baru, 
Pelalawan - 175 80,000 

-120,000 - Primary data, 2025

Pelalawan, 
Kampar, Siak - 70 125,000 

-140,000

Medan, Jakarta, 
Bekasi, Banten, 
Melaka (Malaysia)

Primary data, 2025

Kuala Tolam, 
Pelalawan 1 3,600 – 4,000 80,000 Sumatra and Malaysia Primary data, 2025

Data analysis

Table 2: Sustainability index values

Category Index Value Sustainability Status

0.00 – 24.99 Poor not sustainable 

25.00 – 49.99 Fairly Poor less sustainable 

50.00 – 74.99 Moderate moderately sustainable 

75.00 – 100.00 Good highly sustainable

Table 3: Parameter values of the leverage factor

Factor value Category Description
<2.0 % neutral not influential
2−8 % influential moderate to good impact
>8.0 % significant dominant
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2. The ALSCAL method optimizes squared distance 
(squared distance = () against squared data (point of 
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Sustainability analysis of honey production 

The levels of sustainability performance of honey 
production are divided into 4 levels, resulting in inter-
vals of 0, 25%, 50%, 75%, and 100%. The assessment 
categories are as follows: 0.00 - 25, poor category and 
unsustainable; 25.01 - 50, less category, less sustain-
able; 50.01 - 75, adequate category, fairly sustainable; 
75.01 - 100.00, good category, sustainable (Arofi et 
al., 2015). Employing analysis techniques can also as-
sist in pinpointing characteristics that are attuned to 
sustainability considerations. The indicator with the 
highest Root Mean Square (RMS) value is the most 
sensitive (Pitcher and Preikshot, 2001). The values of 
the leverage factors fall within the range of 2%-8%, 
indicating a moderate to good impact. If < 2%, the 
factor is considered not influential, while if > 8%, the 
factor is considered dominant (sustainable) according 
to Pitcher and Preikshot (2001). Table 4 presents the 
factors that have an impact and are dominant.
Monte Carlo analysis helps in determining the error 
and assessing the uncertainty in MDS. If the discrep-
ancy between the MDS value and the Monte Carlo 
value is small, it indicates that the MDS analysis for 
determining sustainability is sufficiently accurate 
with a 95% confidence level. An overview of the com-
prehensive research analysis techniques, with an em-
phasis on the stages and various steps carried out in 
conducting the research or analysis, is visualized us-
ing a flowchart to facilitate understanding. 

RESULTS AND DISCUSSION 
The MDS technique is applied to produce a sustain-
ability index value in the forest honey production 
process and to identify variable features. The MDS 
dimensions measured include five dimensions and 
their attributes. Input data for this calculation are ob-
tained through a scientific assessment questionnaire. 

In addition, this analysis will reveal sensitive attri-
butes and influential variables that play a role in the 
sustainability of the process.

Sustainability index
Scientific assessment of the attributes within each 

sustainability dimension is crucial for accurately esti-
mating the sustainability index level. Consideration of 
specific and temporal characteristics is essential in de-
termining an attribute (Pitcher and Preikshot, 2001). 
The attributes of all dimensions consist of environ-
mental, economic, social, technological, and institu-
tional aspects, as listed in Table 5. The environmental 
dimension attributes include flowering tree availabil-
ity, bee smoking materials, harvesting habitat dam-
age, production tool condition, waste management, 
energy source, honey packaging material, honey stor-
age condition, distribution system, and eco-friendly 
packaging. The economic dimension includes market 
delivery cost, harvest travel cost, labor cost, honey 
volume increase, filtered honey yield, price increase, 
net profit, selling price, production cost percentage, 
sales improvement, branded packaging impact, and 
utility cost. The social dimension is determined by 
beehive location knowledge, community coopera-
tion, training frequency, farmer group role, local har-
vesting ethics, honey quality acceptance, community 
involvement, education outreach, price negotiation, 
and local promotion participation. The technological 
dimension includes honey extraction method, mois-
ture reduction tool, filtration process, storage meth-
od, laboratory testing, digital record-keeping, digital 
marketing, and temperature control. The institution-
al dimension includes legal group basis, management 
structure, activity planning, member attendance, par-
ticipatory monitoring, administrative completeness, 
capacity building, distribution permit, the Indonesian 
National Standard (SNI), and Halal certification.
To determine the sustainability level of each forest 
honey production process, the attributes within each 
dimension were incorporated into a questionnaire 
and submitted for relevant scientific assessment. In 
addition, the MDS approach and the Rapfish program 
were used to evaluate the results of expert assess-
ments. The MDS analysis results for forest honey 
production performance in Riau show a sustainability 
score of 76.26% on a 0–100 scale, with R² > 0.97. This 
indicates that the program falls into the highly sus-
tainable category. The score represents the evalua-
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tion of 52 attributes across five different dimensions. 
The environmental dimension scored 87.36 %, the 
technological dimension 66.49%, the social dimen-
sion 82.12%, the economic dimension 86.81%, and 
the institutional dimension 58.51 %. The detailed re-
sults of the sustainability analysis can be seen in Table 
5. Two of the five sustainability dimensions for forest 
honey were found to be moderately sustainable: the 
institutional dimension (58.51%) and the technolog-
ical dimension (66.49%). Institutional capacity is a 
common weakness in NTFP development. It remains 
a weak link not only in NTFPs management but also in 
broader sectors such as oil palm plantations. There-
fore, strong local institutions are crucial for ensuring 
conservation and long-term economic sustainability 
of NTFPs (Harbi et al., 2023). Hence, improvements 
are needed in all three areas to achieve long-term 
sustainability. Forest honey production still requires 
legal intervention, official administrative systems, 
and support mechanisms. A synergistic pattern can 

be established in which economic and social dimen-
sions can be strengthened relatively quickly, while 
technological and institutional improvements require 
medium-term planning that includes incentives, 
training, and integrative regulations. This supports 
the development of an inclusive, sustainable, and 
adaptive model for NTFP products that can respond 
to both market and ecological challenges.

Environmental dimension
Among various aspects, the environmental di-

mension stands out by contributing the highest sus-
tainability index score, recorded at 87.36% (Table 5), 
with a stress value (R²) of 0.98 (Table 5). This means 
that 98% of the data variation is explained by the 
factors included in the model. Based on the stress 
value and R², the MDS result for the environmental 
dimension can be considered a good model that ef-
fectively captures the existing issues. Therefore, it is 
not necessary to add additional attributes to reflect 

Table 4: List of dimensions and their attributes

Environment Economy Social Technology Institution

1.	 Flowering tree 
availability

1.	 Market delivery 
cost

1.	 Beehive location 
knowledge

1.	 Honey extraction 
method

1.	 Legal group 
basis

2.	 Bee smoking 
materials 2.	 Harvest travel cost 2.	 Community 

cooperation
2.	 Moisture 

reduction tool
2.	 Management 

structure

3.	 Harvesting habitat 
damage 3.	 Labor cost 3.	 Training frequency 3.	 Packaging and 

labeling
3.	 Activity 

planning

4.	 Production tool 
condition

4.	 Honey volume 
increase 4.	 Farmer group role 4.	 Filtration process 4.	 Member 

attendance

5.	 Waste 
management

5.	 Filtered honey 
yield

5.	 Local harvesting 
ethics 5.	 Storage method 5.	 Participatory 

monitoring

6.	 Energy source 6.	 Price increase 6.	 Honey quality 
acceptance

6.	 Laboratory 
testing

6.	 Administrative 
completeness

7.	 Honey packaging 
material 7.	 Net profit 7.	 Community 

involvement
7.	 Digital record-

keeping
7.	 Capacity 

building

8.	 Honey storage 
condition 8.	 Selling price 8.	 Education outreach 8.	 Digital marketing 8.	 Distribution 

permit

9.	 Distribution 
system

9.	 Production cost 
percentage 9.	 Price negotiation 9.	 Temperature 

control
9.	 SNI 

certification

10.	Eco-friendly 
packaging 10.	Sales improvement 10.	Local promotion 

participation
10.	 Halal 

certification

11.	Branded packaging 
impact

12.	Packaging cost
13.	Utility cost
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the actual conditions. A Monte Carlo simulation of 
the sustainability of forest honey production in Riau 
Province for the environmental dimension shows 
an average value of 87.57. The results of the Mon-
te Carlo analysis indicate a relatively dense distribu-
tion of units, suggesting that there are no significant 
errors affecting the environmental dimension. The 
MDS analysis results indicate that the attribute with 
the highest impact (3.95%) is the distribution system 
and the energy source, which relates to the type of 
energy used by vehicles in honey production activi-
ties. In contrast, the environmental attribute with the 
lowest impact is eco-friendly packaging, with a score 
of 1.15% (Fig. 4). The long-distance (inter-island) and 
fossil fuel-based distribution system of forest honey 
can significantly increase its carbon footprint. Fossil 
fuel-powered transportation emits greenhouse gases 
(GHGs) that are harmful to the environment, includ-
ing carbon dioxide, nitrogen oxides, sulfur dioxide, 

and particulate matter (PM2.5 and PM10). Long-dis-
tance shipping can contribute up to 35–40% of the 
total GHG emissions in the food supply chain, thereby 
increasing the overall carbon footprint (Arzoumanidis 
et al., 2019). Extended distribution in forest honey 
production also results in hydrocarbon waste and soil 
contamination. These substances are difficult to de-
grade, may accumulate in the food chain, reduce soil 
fertility, and pose toxicity risks to aquatic organisms if 
they enter drainage systems (Stepanova et al., 2022). 
This is closely related to the energy source attri-
bute, which also shows a high environmental impact 
(3.54%). To reduce these negative impacts, it is nec-
essary to localize distribution and adopt low-emission 
transportation modes. Transitioning to renewable en-
ergy sources such as bioenergy or solar panels is a key 
element in enhancing the sustainability of agro-in-
dustrial systems (Zahrawi and Aly, 2024).
The attribute within the environmental dimension 

Table 5: Results of RAPFISH analysis on the sustainability status of forest honey

Dimension Index 
Score (%)

Stress 
Value SQR/R2 Sustainability 

Status
Monte Carlo Sim-

ulation
Index Difference and 

Monte Carlo

Environmental 87.36 0.12 0.98 Highly 87.57 0.21

Economical 86.81 0.11 0.99 Highly 86.83 0.02

Social 82.12 0.11 0.99 Highly 82.17 0.05

Technological 66.49 0.11 0.99 Moderately 65.85 0.64

Institutional 58.51 0.11 0.99 Moderately 58.51 0.00

Average 76.26 Highly

Fig. 3: Sustainability status of forest honey production
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that has the lowest impact is eco-friendly packaging, 
which relates to storage conditions and packaging 
materials. This attribute plays an important role in 
maintaining honey quality and reducing the poten-
tial for environmental pollution. The use of single-use 
plastics or unhygienic containers can accelerate prod-
uct degradation and contribute to non-biodegrad-
able waste. Non-eco-friendly packaging materials are 
a major source of pollution in small-scale food sup-
ply chains. In addition, five other attributes, includ-
ing waste management, production tool condition, 
harvesting habitat damage, bee smoking materials, 
and flowering tree availability, each show a leverage 
value of 1.01 %, which is considered low. Although 
their individual impact on the sustainability index is 
minor, these attributes remain relevant for shaping 
long-term environmental strategies when managed 
in an integrated manner. Waste management in bee-
keeping involves treating by-products such as resid-
ual wax, damaged combs, and cleaning wastewater. 
Improper handling may contaminate soil and water, 
threatening environmental sustainability. Effective 

management is therefore essential to maintain eco-
system health and product quality, as honey and bees 
serve as bioindicators of environmental contami-
nants. Production tool condition is associated with 
energy efficiency and hygiene in the harvesting and 
extraction processes. Outdated or poorly maintained 
tools can increase energy consumption and the risk 
of product contamination. In the honey industry, 
energy and transportation represent the dominant 
sources of carbon emissions, exceeding 90%, while 
machinery and tools contribute less than 10%. De-
spite this smaller proportion, optimizing production 
tools remains a relevant strategy for emission miti-
gation (Pignagnoli et al., 2021). Even though their 
contribution is relatively small, optimizing production 
tools holds significant potential for emission reduc-
tion. Other studies show that modernizing equip-
ment, such as using electric extractors or ultrasonic 
technology and performing regular maintenance, can 
reduce the risk of leakage and excessive energy use 
(Landaverde et al., 2023). Harvesting habitat damage 
refers to disturbances in bee ecosystems resulting 

Fig. 4: Sensitivity of attributes in the environmental dimension
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from unsustainable harvesting practices such as cut-
ting down nesting trees, especially sialang trees. Hab-
itat degradation of this kind can decrease food avail-
ability and disrupt colony regeneration. Agroforestry 
approaches around bee habitats, as implemented in 
Wanagama, have been proven to preserve natural 
habitats and enhance sustainable pollination services 
(Anita et al., 2022). Flowering tree availability is also 
a crucial factor in maintaining bee populations. The 
presence of local flowering species such as Melaleu-
ca (Gelam), Sonneratia, and Avicennia plays a role in 
reproductive cycles and supports the foraging activity 
of wild honey bees. Although some attributes show 
leverage values below 2 %, implementing collective 
strategies and improving technologies can result in a 
significant cumulative impact on sustainability. The 
recommended policy actions include modernization 
of production tools through incentives for transition-
ing to energy-efficient and contaminant-free technol-
ogies, as well as technical training for farmers in the 
maintenance and calibration of production equip-
ment. In addition, routine certification and inspection 
of tools and production facilities are necessary to en-
sure quality and safety standards. Habitat restoration 
and the participatory planting of flowering trees 
should also be encouraged as part of forest honey 
agroforestry programs. Lastly, the implementation of 
integrated waste management systems is essential to 
minimize the impact of local environmental pollution.

Economic dimension
The MDS analysis shows that the sustainability in-

dex for the economic dimension is 86.81%, classified 
as sustainable, with a stress value of 0.12 and an R² 
of 0.99 (Table 5, Fig. 3). This dimension ranks as the 
second strongest contributor to sustainability, with the 
most dominant attribute being selling price (3.52%). 
The selling price of honey is a key determinant of 
business unit profitability. Price increases, whether 
through organic certification, local branding, or pre-
mium packaging design, can directly boost profit mar-
gins. Organic and nationally branded honey enjoys a 
price premium of 18–69% compared to conventional 
honey, significantly enhancing the product’s economic 
competitiveness (Bimbo et al., 2025). The attributes 
Branded Packaging Impact and Sales Improvement 
each have a leverage value of 2.55%, placing them in 
the moderate influence category. Branded packaging 
is strongly correlated with consumer perception, loy-

alty, and purchasing preferences. Labels such as 100% 
Local, Geographical Indications, and Protected Desig-
nation of Origin (PDO) have been shown to increase 
consumer willingness to pay (Min et al., 2023). In addi-
tion, the use of aesthetically pleasing and eco-friendly 
premium packaging positively impacts the upper-mar-
ket segment. Meanwhile, increased sales volume 
plays an important role in improving medium-term 
economic performance. Digital marketing strategies, 
online promotional channels, and e-commerce expan-
sion have been proven to accelerate the growth of the 
forest honey market. Sales transformation through 
digital approaches and branding strategies can in-
crease revenue by up to 40% for a small-scale honey 
producer (Min et al., 2023). Other attributes, such as 
utility costs, packaging costs, net profit, and logistics 
expenses, show leverage values below 2%, categorized 
as having low influence. Although these attributes 
may not significantly contribute to the structural sus-
tainability index, they remain relevant in the context 
of operational efficiency. When managed collectively, 
these cost components can have a cumulative effect 
on improving business margins and stability.
Based on the analysis, several strategic recommenda-
tions can be implemented to improve the economic 
sustainability of forest honey production. These strat-
egies include optimizing selling prices through the 
adoption of organic certification, geographical origin 
labels, and informative premium packaging, which are 
believed to increase product value and expand market 
reach. Furthermore, enhancing branding and packag-
ing by using eco-friendly, ergonomic materials that 
reflect local identity, thereby increasing consumer ap-
peal and strengthening brand positioning in both do-
mestic and export markets. Additionally, strengthen-
ing distribution channels and digitizing sales through 
the integrated use of online platforms and digital 
promotions is necessary to drive sales volume growth 
and reach a wider consumer base. Finally, operational 
cost efficiency can be improved through large-scale 
procurement of packaging materials, conducting util-
ity cost audits, and optimizing supply chain manage-
ment to sustainably increase profit margins.

Social dimension
Based on the analysis of the Sustainability Index 

using MDS for forest honey production, the sustain-
ability index score for the social dimension is 82.12%, 
indicating a sustainable condition. This dimension has 
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a stress value of 0.11 and an R² of 0.99. The Mon-
te Carlo simulation results yielded a score of 82.17 
with a dense repetition distribution (Table 5). These 
findings indicate that community involvement plays 
a significant role in supporting the sustainability of 
forest honey production. The leverage factor analysis 
for the social dimension reveals that the frequency 
of training (3.68%) is the most dominant attribute 
influencing the sustainability index (Fig. 6). Training 
frequency is directly related to increasing the knowl-
edge capacity of honey hunters regarding harvesting 
practices that optimize both the quantity and quali-
ty of honey, as well as understanding the benefits of 
forest honey sustainability. Higher training frequency 
correlates positively with the quality of forest hon-
ey production. Structured and repeated training can 
strengthen network governance, accelerate the adop-
tion of sustainable production practices, and enhance 
ecosystem conservation participation (Punya et al., 
2024). Meanwhile, the attributes within the social 

dimension that have the lowest impact are price ne-
gotiation and education outreach, each contributing 
only 0.93%. Price negotiation reflects the capacity of 
honey hunters to negotiate the selling price of honey 
with buyers (Hernandez-Martinez et al., 2021). This 
attribute represents structural social change, such as 
the formation of community institutions or networks. 
Education outreach relates to efforts in increasing 
community education and public awareness about 
the benefits of honey and sustainability. Although it 
raises awareness, this attribute also influences social 
sustainability through the formation of groups and 
collective forest honey production practices. Howev-
er, these impacts tend to be indirect and temporal, 
placing them in the category of low leverage. Fur-
thermore, price negotiation and education outreach 
show low impacts in the social sustainability analysis 
because their contributions are individual, long-term, 
and dispersed, rather than contributing to the estab-
lishment of robust social systems and institutions.
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Four other attributes, namely Local harvesting eth-
ics, Farmer group role, Community cooperation, and 
Beehive location knowledge, each have a leverage 
value of 2.83% and are interrelated in strengthening 
the structure of local social systems (Fig. 6). Local 
harvesting ethics function to prevent habitat degra-
dation and preserve the cultural values of the com-
munity. The role of farmer groups has been shown 
to enhance institutional capacity, broaden access to 
information, and strengthen bargaining power. Com-
munity cooperation is essential for building locally 
based distribution systems and reinforcing promo-
tional networks. Accurate knowledge of beehive lo-
cations correlates with the productivity and stability 
of forest honey production. Meanwhile, attributes 
such as Local promotion, Honey quality acceptance, 
and Community involvement have leverage values 
of 1.36%, while Price negotiation and Education out-
reach each have a leverage value of 0.93%. Although 
these values fall below the 2% threshold, the attri-
butes remain relevant in strengthening social capac-
ity and collective awareness, even if their impact on 
changes in social sustainability status is indirect. The 
social dimension plays a vital role in ensuring the 

sustainability of forest honey production. High-lever-
age attributes such as training frequency, the role 
of farmer institutions, and community cooperation 
serve as key social foundations that can be mobilized 
to increase competitiveness and the long-term sus-
tainability of the production system. On the other 
hand, low-leverage attributes still act as supporting 
elements in fostering an inclusive and resilient social 
environment. A participatory approach and active 
community engagement are essential to the success 
of the social transformation rooted in the forest hon-
ey ecosystem in Riau Province. To enhance social sus-
tainability in forest honey production, several actions 
can be taken. These strategies include conducting 
regular and continuous training by organizing ses-
sions at least two to three times per year, covering 
ethical harvesting techniques, post-harvest manage-
ment, and product marketing. These trainings should 
be tailored to local conditions and involve supporting 
partner organizations. Furthermore, strengthen farm-
er institutions and harvesting ethics by encouraging 
the formation of legally recognized cooperatives or 
beekeeping and honey hunter groups, supported by a 
harvesting Standard Operating Procedure (SOP) that 

quality  of  forest  honey  production.  Structured  and  repeated  training  can  strengthen  network 
governance, accelerate the adoption of sustainable production practices, and enhance ecosystem 
conservation  participation  (Punya  et  al.,  2024).  Meanwhile,  the  attributes  within  the  social 
dimension  that  have  the  lowest  impact  are  price  negotiation  and  education  outreach,  each 
contributing only 0.93%. Price negotiation reflects the capacity of honey hunters to negotiate the 
selling  price  of  honey with  buyers  (Hernandez‐Martinez  et  al.,  2021).  This  attribute  represents 
structural social change, such as the formation of community institutions or networks. Education 
outreach  relates  to  efforts  in  increasing  community  education  and  public  awareness  about  the 
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practices. However, these impacts tend to be indirect and temporal, placing them in the category 
of low leverage. Furthermore, price negotiation and education outreach show low impacts in the 
social sustainability analysis because their contributions are individual, long‐term, and dispersed, 
rather than contributing to the establishment of robust social systems and institutions. 
 

 

Fig. 6: Sensitivity of attributes in the social dimension 

 

Four other attributes, namely Local harvesting ethics, Farmer group role, Community cooperation, 
and  Beehive  location  knowledge,  each  have  a  leverage  value  of  2.83%  and  are  interrelated  in 
strengthening  the  structure  of  local  social  systems  (Fig.  6).  Local  harvesting  ethics  function  to 
prevent habitat degradation and preserve the cultural values of the community. The role of farmer 
groups  has  been  shown  to  enhance  institutional  capacity,  broaden  access  to  information,  and 
strengthen  bargaining  power.  Community  cooperation  is  essential  for  building  locally  based 
distribution  systems  and  reinforcing  promotional  networks.  Accurate  knowledge  of  beehive 
locations  correlates with  the  productivity  and  stability  of  forest  honey  production. Meanwhile, 
attributes such as Local promotion, Honey quality acceptance, and Community involvement have 
leverage values of 1.36%, while Price negotiation and Education outreach each have a  leverage 

2.83 

2.83 

3.68 

2.83 

2.83 

1.36 

1.36 

0.93 

0.93 

1.36 

 ‐  1.00  2.00  3.00  4.00  5.00  6.00  7.00

24. Beehive location knowledge

25. Community cooperation

26. Training frequency

27. Farmer group role

28. Local harvesting ethics

29. Honey quality acceptance

30. Community involvement

31. Education outreach

32. Price negotiation

33. Local promotion participation

Root Mean Square Change in Status (0‐100 Scale)

Fig. 6: Sensitivity of attributes in the social dimension



823

Int. J. Hum. Capital Urban Manage., 11(4): 810-830, Autumn 2026

promotes habitat conservation and ecological ethics. 
Additionally, promoting local educational campaigns 
and product marketing by implementing public edu-
cation programs and local promotions through village 
events, honey festivals, and digital platforms to raise 
awareness, enhance the social value of forest honey, 
and increase youth engagement.

Technology dimension
The sustainability analysis of the five attributes 

indicates that the technological aspect is moderate-
ly sustainable, as evidenced by a sustainability index 
score of 66.49%, a stress value of 0.09, and an R² of 
0.99. The Monte Carlo simulation produced a score 
of 65.85 with a dense distribution of iterations (Table 
5). Within the technological dimension, the attribute 
with the greatest influence is the utilization of digital 
marketing and digital record-keeping, with a leverage 
value of 4.09% (Fig. 7). This indicates that the imple-
mentation of digital marketing has proven effective 
in enhancing product visibility, expanding market ac-
cess, and improving sales record management, par-
ticularly in the premium market segment. These find-
ings align with previous research showing that honey 
enterprises in Indonesia adopting digital marketing 
strategies experienced increased resilience and sales 
growth under certain conditions, such as during the 
COVID-19 pandemic. Active use of websites signifi-
cantly improves consumer responsiveness and accel-
erates sales conversion. The digital record-keeping 
attribute highlights the importance of digitized re-
cords in managing production systems. The digitali-
zation of production, financial, and supply chain data 
enables real-time quality tracking and simplifies the 
auditing process. Platforms such as ApiManager and 
HiveTracks are widely used for managing colony data, 
bee health, and production efficiency (Volokhovych, 
2024). Moreover, Internet of Things (IoT) technolo-
gies contribute to more accurate and timely monitor-
ing of beekeeping operations. Leverage values rang-
ing from 2% to 4% reflect a moderate but significant 
impact, suggesting that technology-based interven-
tions should be prioritized in strategies to develop 
a sustainable production system. With the highest 
leverage value of 4.09%, digital marketing is catego-
rized as an influential factor. Its application has clearly 
demonstrated the ability to boost product visibility, 
broaden market reach, and enhance sales records, 
especially in premium segments. A study by Putria-

mara et al. (2023) revealed that honey businesses in 
Indonesia that adopted digital marketing strategies 
showed increased resilience and sales growth during 
the COVID-19 pandemic. Active website utilization 
significantly improves customer response and accel-
erates sales conversions.
The Digital Record-Keeping attribute shares the high-
est leverage value of 4.09%, indicating its critical role 
in the management of production systems. The dig-
italization of production, financial, and supply chain 
data enables real-time quality tracking and facilitates 
the auditing process. Platforms such as ApiManager 
and HiveTracks have been widely used for managing 
colony data, bee health, and production efficiency 
(Volokhovych, 2024). IoT technologies also contrib-
ute significantly to the accuracy and precision of 
operational monitoring in beekeeping practices. The 
Storage method attribute recorded a leverage value 
of 3.91%, suggesting that proper storage methods 
have a considerable impact on product sustainabil-
ity. Storing honey under controlled temperature and 
humidity conditions helps preserve its chemical and 
microbiological quality and prevents fermentation 
or contamination. IoT technology can be utilized to 
monitor hive temperature and humidity in real time, 
thus protecting against post-harvest spoilage and 
quality degradation (Krishnasamy et al., 2023). Two 
other attributes, Temperature control and laborato-
ry testing, each recorded leverage values of 2.33%. 
Temperature regulation and laboratory testing are 
essential components of quality assurance systems. 
Innovative technologies, such as IntelliBeeHive, facil-
itate precise environmental monitoring through tem-
perature-based data collection, while visual recogni-
tion methods enable the identification of ion activity, 
assessment of bee health, and detection of disease 
risks, thereby enhancing the comprehensiveness and 
scientific rigor of hive quality evaluations (Alex et al., 
2024). Meanwhile, other attributes such as filtration, 
labeling, moisture reduction tools, and extraction 
methods showed leverage values below 2%, indicat-
ing that their individual contribution to the sustain-
ability index is relatively low. However, collectively, 
these attributes still play a vital role in shaping an 
integrated technological system that supports holis-
tic and sustainable honey production practices. The 
following recommendations can be implemented to 
enhance technological sustainability in forest honey 
production systems. The first is comprehensive adop-
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tion of digitalization by encouraging the use of digital 
platforms such as social media, websites, and online 
marketplaces to expand market reach and strength-
en the identity of local honey products. Further-
more, the implementation of digital record-keeping 
systems through the integration of digital platforms 
such as HiveTracks or ApiManager for efficient and 
structured management of production and financial 
data. Additionally, improvement of storage facilities 
and quality testing by ensuring proper temperature 
and humidity control, along with the establishment 
of local laboratories to conduct routine honey quality 
testing in accordance with national food safety stan-
dards. Finally, technology training for honey produc-
ers through intensive capacity-building programs for 
honey hunters and beekeepers focused on the use 

of digital tools, quality monitoring, and data-driven 
product evaluation.

Institutional dimension
The institutional dimension has the lowest sus-

tainability index compared to the other dimensions, 
as indicated by a sustainability index score of 58.51%, 
with R² of 0.99 (Table 5). The Monte Carlo simula-
tion yielded a similar score of 58.51, with a tightly 
clustered repetition distribution. The attribute with 
the highest impact, SNI certification of forest honey 
products, has a leverage value of 6.01% (Fig. 8). SNI 
certification, including international standards such 
as ISO 22000, plays a crucial role in ensuring the qual-
ity, safety, and credibility of honey products. These 
certifications not only enhance consumer trust but 

Fig. 7: Sensitivity of attributes in the technological dimension
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also broaden market access, especially for export and 
premium market segments. Quality certification sig-
nificantly improves product quality perceptions and 
economic value among global consumers (Huang et 
al., 2024). The attributes Participatory Monitoring 
and Management Structure recorded leverage val-
ues of 4.34% each, indicating a moderate to strong 
influence. Participatory monitoring within the for-
est honey institutional system fosters transparency, 
accountability, and trust among farmers and stake-
holders. Furthermore, a well-established institutional 
structure, such as legally recognized and active coop-
eratives or farmer groups, has a direct impact on the 
success of production management, quality control, 
marketing, and access to financing. Collaborative 
monitoring systems between village governments 
and beekeeping groups have been shown to signifi-
cantly improve regulatory compliance, organization-
al stability, and long-term institutional sustainability 
(Roengtam and Agustiyara, 2022). 
On the other hand, several other attributes showed 
leverage values below 2% and are thus categorized 
as having insignificant influence. Attributes such as 
member attendance, activity planning, and legal 
group basis, while essential for the day-to-day oper-
ations of farmer groups, do not exert a strong struc-
tural impact on the institutional sustainability index. 
Similarly, distribution permits, capacity building, and 
administrative completeness, though relevant from 
a governance perspective, have limited influence on 
institutional outcomes based on the MDS results. 
There are recommendations to improve the stabili-
ty of forest honey production in the province. First-
ly, improving access to certification (SNI), where lo-
cal governments and supporting institutions should 
facilitate technical training, assistance in document 
preparation, and subsidize certification costs for SNI 
or other NTFP certification schemes. These efforts 
will enhance the product’s added value and expand 
its market competitiveness. Furthermore, strength-
ening participatory monitoring systems by develop-
ing a collaborative reporting mechanism between 
honey farmer groups and stakeholders, including vil-
lage authorities and forestry agencies.
This regular monitoring can be used to assess group 
performance, evaluate production quality, and en-
sure compliance with ethical and environmental 
standards. Additionally, optimizing the organiza-
tional structure of farmer groups by restructuring 

institutional governance alongside management 
training, capacity building, and the development of 
standardized operating procedures. Such improve-
ments are crucial for enhancing the group’s legitima-
cy in the eyes of business partners and government 
bodies. Finally, formulating long-term strategies by 
encouraging each forest honey production group to 
develop business plans and long-term strategies, in-
cluding market development, risk management, and 
institutional sustainability. This is essential to reduce 
dependency on short-term programs and strengthen 
organizational resilience.

The future and prospects of forest honey production
Forest honey production is one form of NTFP utili-

zation that has high ecological, social, and economic 
value. In Riau Province, which is known for its peat 
swamp forests and tropical rainforests, forest honey 
is produced through traditional beekeeping practices 
rooted in the local wisdom of indigenous peoples and 
rural communities. Based on the sustainability di-
mensions, the environmental and economic dimen-
sions fall into the strong category. This is attributed to 
the fact that forest ecosystems and floral forage 
sources still support honey production, combined 
with high market demand and the value of NTFPs. Lit-
erature indicates that tropical forest landscapes en-
hance the diversity of bee foraging resources and 
support the quality of forest honey, providing a com-
petitive advantage in honey marketing. Another fac-
tor supporting the sustainability of honey production 
is consumer interest in health aspects, as the antioxi-
dant content and biological properties of forest hon-
ey are often perceived as higher, boosting consumer 
perception of its health benefits and thus supporting 
product sustainability (Mahani et al., 2025). These 
factors maximize market opportunities in line with 
the growing global demand for organic honey and en-
vironmentally friendly forest-based products (Bimbo 
et al., 2025). The main constraints that need to be 
addressed from the institutional aspect are certifica-
tion and organizational capacity. Forest honey pro-
duction is currently still dominated by traditional pro-
duction and distribution systems that are less 
adaptive to technological developments and global 
quality standards (Harianja et al., 2023). This results 
in low supply chain efficiency, potential loss of added 
value, and difficulties in penetrating export markets. 
The high leverage of SNI and certification (6.01) indi-
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cates that the absence of or low compliance with na-
tional standards (SNI 8664:2018) and weak institu-
tions (participatory monitoring, management 
structure) can restrict market access, particularly in 
premium and export segments. Without quality stan-
dards and certification, forest honey struggles to en-
ter labeled markets (SNI, halal, organic), leading to 
lower prices and a higher risk of rejection. BSN/SNI 
8664 is the quality reference that Indonesian produc-
ers need to comply with. From the technological as-
pect, namely digital marketing, digital record-keep-
ing, and storage, digital marketing and record-keeping 
(RMSE ~4.09), as well as storage methods (~3.91), 
have a strong influence on the status. The lack of 
traceability, online marketing, and proper storage fa-
cilities causes products to lose value or deteriorate in 
quality (HMF, moisture content, and fermentation). 
Producers who adopt digital marketing and traceabil-
ity systems can improve market reach, reputation, 
and selling value. Concerns have arisen regarding 
habitat fragmentation and the loss of forage trees 

due to the conversion of natural forests in Riau into 
large-scale plantations such as oil palm and industrial 
timber estates. This conversion has led to the disap-
pearance of sialang trees (Koompassia excelsa), 
which serve as nesting sites for wild honey bees (Apis 
dorsata). As a result, bee colony populations have de-
clined, leading to reduced honey yields. Other envi-
ronmental disturbances, such as forest and land fires, 
have direct impacts on bee habitats, colony migra-
tion, and population quality, resulting in drastic de-
clines in forest honey production. Without habitat 
conservation and ecosystem regeneration efforts, 
forest honey production is at risk of sharp declines in 
the future. Currently, forest honey is not only an al-
ternative source of income for farmers and forest-ad-
jacent communities, but also plays an important role 
in supporting biodiversity conservation and ecosys-
tem sustainability (Buchori et al., 2022). Building on 
these challenges, the following synthesis highlights 
how recommendations across all sustainability di-
mensions can be integrated to shape the future of 
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maximize market  opportunities  in  line with  the  growing  global  demand  for  organic  honey  and 
environmentally friendly forest‐based products (Bimbo et al., 2025). The main constraints that need 
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forest honey production. The sustainability assess-
ment indicates that ecological, economic, and social 
dimensions are already relatively strong, while insti-
tutional and technological aspects require significant 
improvement. Therefore, future strategies must not 
only address weaknesses but also build on existing 
strengths through an integrated approach. Ecological 
sustainability should be reinforced by conserving si-
alang trees and restoring flowering tree habitats, 
while economic value can be enhanced through certi-
fication, branding, and digital marketing. On the so-
cial side, continuous training and cooperative 
strengthening are essential for ensuring inclusive par-
ticipation. Technological upgrades such as digital re-
cord-keeping, improved storage, and quality testing 
will raise product competitiveness, while institutional 
reforms, including participatory monitoring and easi-
er access to certification, will ensure credibility and 
long-term resilience. This synthesis underscores the 
importance of viewing each dimension not in isola-
tion but as interdependent pillars that must be ad-
vanced simultaneously to secure the future of forest 
honey production in Riau Province. Various efforts 
are needed to promote sustainable forest honey pro-
duction. In light of the Social Forestry program, which 
provides legal access and institutional arrangements 
for forest communities to form farmer groups, this 
legality helps local communities access training, ob-
tain capital, and improve marketing opportunities. 
Such support facilitates the transformation of forest 
honey production from a subsistence activity into a 
community-based sustainable management unit. Fu-
ture strategies involving certification, strengthening 
of farmer institutions, digital marketing, and the ap-
plication of post-harvest technologies are expected 
to enhance the competitiveness of Riau Forest honey 
in both domestic and international markets (Yunianto 
et al., 2024). The government, which plays a central 
role in creating a policy framework and supervision 
that supports wild bee conservation, is expected to 
develop regulations for sustainable honey harvesting 
by establishing standard operating procedures for 
ethical harvesting that do not damage bee nests or 
habitats. The government should also take an active 
role in enforcing laws against land burning and illegal 
deforestation near bee habitats, strengthening the 
Social Forestry program as a platform for empower-
ing forest-adjacent communities, providing technical 
assistance for local bee cultivation and sustainable 

forest honey management, mapping and designating 
wild bee conservation zones into regional spatial 
plans, and integrating these efforts into climate 
change adaptation policies. As large-scale forest land-
scape users, Industrial Plantation Forest companies 
carry ecological responsibilities within their business 
practices, including the implementation of High Con-
servation Value and High Carbon Stock approaches to 
protect the natural habitats of bees within conces-
sion areas. They are expected to collaborate in bee 
agroforestry programs (bee-friendly plantations) that 
integrate local flowering species such as Melaleuca, 
Acacia auriculiformis, and Shorea spp., to implement 
environment-based Corporate Social Responsibility 
schemes through training for honey farmers, provi-
sion of sustainable harvesting equipment, and mar-
keting support, as well as to monitor bee biodiversity 
as part of regular environmental impact assessments. 
Non-Governmental Organizations (NGOs) act as facil-
itators, providers of technical knowledge, and inde-
pendent monitors of conservation efforts. Their roles 
include conducting outreach on sustainable honey 
harvesting techniques, training local farmers to 
strengthen their capacities, developing local certifica-
tion systems such as forest honey eco-labels to in-
crease product value without harming habitats, con-
ducting research, monitoring wild bee populations to 
provide scientific data for policymaking, and engag-
ing in advocacy for bee conservation as an indicator 
species of ecosystem health while promoting biodi-
versity. Local communities and honey farmers or hon-
ey hunters, as the main actors in honey harvesting, 
play a crucial role. They are expected to adopt sus-
tainable harvesting techniques (honey hunting eth-
ics), such as minimizing the use of fire, avoiding the 
felling of nesting trees, and practicing partial harvest-
ing; conserve local flowering trees (bee forage flora) 
through agroforestry and reforestation practices; di-
versify their livelihoods based on honey and other 
NTFPs to reduce pressure on wild bees; and establish 
and strengthen forest honey cooperatives as collec-
tive platforms for production, marketing, and quality 
control. Therefore, an analysis of the prospects of for-
est honey production in Riau Province becomes es-
sential. This study is important for formulating poli-
cies and intervention strategies capable of addressing 
multidimensional challenges to ensure the transfor-
mation towards an inclusive, adaptive, and sustain-
able forest honey production system.
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CONCLUSION
This study concludes that forest honey production in 
Riau Province has reached a highly sustainable status, 
with an average sustainability index of 76.26%, pri-
marily supported by strong environmental, econom-
ic, and social dimensions. The research offers novelty 
by applying an MDS approach that integrates eco-
logical, economic, social, technological, and institu-
tional aspects into a single sustainability assessment 
framework, which has rarely been applied to NTFPs 
such as forest honey. Ecological integrity, market po-
tential, and community participation are relatively 
well established, whereas institutional and techno-
logical dimensions remain moderately sustainable, 
indicating the need for targeted improvements in 
eco-friendly distribution systems, digital record-keep-
ing, advanced storage technologies, and institutional 
governance. Key leverage attributes such as selling 
price, training frequency, digitalization, and certifica-
tion play a critical role in shaping holistic sustainabili-
ty outcomes. Policy actions should prioritize strength-
ening technological capacities, enhancing the skills of 
honey hunters, and embedding participatory mon-
itoring into institutional frameworks. These insights 
are highly relevant for regional governments, cooper-
atives, NGOs, and the private sector, as they provide 
an empirical basis for designing adaptive forest gov-
ernance and community-based livelihood programs. 
Looking ahead, the sustainability assessment model 
developed in this study can be replicated in other 
regions of Indonesia to strengthen the management 
of non-timber forest products. Positioning forest 
honey as a flagship sustainable commodity not only 
enhances local economic competitiveness but also 
contributes to biodiversity conservation and climate 
resilience at the national level. The findings further 
highlight that forest honey production in Riau is not 
only an economic enterprise but also a cornerstone 
for biodiversity conservation and cultural heritage 
preservation. Strengthening farmer cooperatives, 
promoting ethical harvesting practices, and aligning 
production systems with global quality standards will 
enhance the competitiveness of Riau’s Forest honey 
in both domestic and international markets. Collab-
orative efforts among government institutions, the 
private sector, NGOs, and local communities are vital 
for positioning forest honey as a flagship sustainable 
commodity that simultaneously supports rural liveli-
hoods and safeguards ecosystems.
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