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Abstract: Dry-fermented catfish (pla-duk-ra) is a potential value-added
product in Southern Thailand; however, it faces food safety hazards because
small-scale backyard operations dominate and lack supporting regulations. This
study evaluated a participatory extension approach to promote Good
Manufacturing Practices (GMP) within the Banphabontam Agricultural
Innovation Community Enterprise (BAICE). The original GMP evaluation
involved the design of facilities, control of equipment, process operations,
cleanliness and sanitation, maintenance, and personnel practices. None of the six
domains achieved a score of 60%, indicating that all areas remained below the
minimum acceptable level. Participatory extension led to the implementation of
various improvements, such as facility redesign, workflow zoning, hygiene
training, and basic sanitation systems. Following the upgrade, BAICE achieved
GMP certification and formal recognition as a licensed food producer. The
refined layout separated wet and dry zones, improved drainage and pest
control, and established distinct storage and preparation spaces. These
interventions increased workers” hygiene awareness and responsibility without
altering the sensory characteristics or cultural identity of pla-duk-ra. This
initiative exemplifies community-driven food safety enhancement through
participatory extension. It demonstrates how scientific principles and traditional
knowledge can align to improve product quality, regulatory compliance, and
market potential. Findings from the BAICE case provide practical, context-
specific evidence that may inform GMP implementation and rural food system
improvement in similar community-based food enterprises. The results align
with national agendas to support the development of sustainable food and
highlight that extension work plays a crucial role in making traditional foods
safe, competitive, and sustainable products.

Keywords: Participatory extension; GMP; rural fish processing; technology transfer,
food safety

1. Introduction

Aquaculture is very important for agricultural diversification and food
security in Southeast Asia. Among the freshwater species in Thai aquaculture,
hybrid catfish (pla-duk-big-oui) is the second-most successful species being
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raised in central and southern Thailand. Thailand has become a regional model for coupling sustainable fish
culture with value-added processing to improve marketability and create economic gains. In 2024, Thailand
produced approximately 91,095 metric tons of catfish, which accounted for around 20% of the country’s overall
freshwater aquaculture production. This has derived an annual income of around 121 million USD [1].

Pla-duk-ra is a processed fish product with a strong cultural heritage and significant economic
importance to the southern Thai population. As one of the most popular value-added catfish products, it is a
good example of maximizing available natural resources and enhancing local people's livelihoods. The
amount of pla-duk-ra produced is a good example of combining the tradition of fish farming with indigenous
knowledge over the generations. The preparation process begins with selecting fresh catfish of appropriate
size, followed by removing the head, internal organs, and excess fat. The cleaned fish are then washed
thoroughly before being mixed with salt and sugar for fermentation. Fermentation typically lasts 1 to 2 days,
after which the fish are dried in the sun or under a controlled heat source. This process results in a distinct
salty-sweet flavor and a mild fermented aroma, which differentiate pla-duk-ra from other forms of salted fish
[2]. According to a recent market report by our research team, pla-duk-ra had a potential estimated annual
market value of approximately USD 5.4-8.1 million in 2024. This indicates that it represents a major component
of the regional fish-processing industry. In Phatthalung province, community-based businesses that combined
catfish farming and the processing of pla-duk-ra recorded the highest profit increase. The monthly income of
this family increased from about USD 620 to USD 2,600, and net profit increased by 346% as a result of adding
value production methods based on the fry pla-duk-ra paste product form (chili paste, sweet fish sauce, and
rice seasoning powder) that were practiced in the process line [3].

The Banphabontam Agricultural Innovation Community Enterprise (BAICE) is one example of such
a local innovation ecosystem in Phatthalung province. Traditional techniques are what the company has
staked its name on. In 2023, the business earned only 1,860 USD in sales and netted just 744 USD in profits,
with average monthly production at a very low level of about 200 kg. However, it struggled to scale up
production, comply with regulations, and develop marketable derivatives. These questions illuminate the
general problem of reconciling traditional food processing methods with modern requirements for food safety,
a pressing issue in much of the developing world's community-based agricultural production. Small-scale
community-processed food manufacturers must meet the Good Manufacturing Practices (GMP) prescribed
by the Thai FDA. For these producers, this is a key step forward. Basic food safety regulations include the
following: cleanliness in production spaces and equipment, proper personal hygiene, safe product
preparation, clear boundaries between clean and dirty areas, and good organization of storage and
transportation [4]. For a community enterprise like BAICE, achieving GMP certification offers easier entry into
new markets, an added layer of customer trust, and the ability to register with the FDA. To ensure food safety
and quality in the aquaculture and fish processing sectors, GMPs are essential. In agricultural extension terms,
GMP constitutes both a technical intervention and a participatory-action process that builds on the capacity
of community-based enterprise, elicits change in producer behavior, and triggers development in the rural
economy.

The GMP provides guidelines for small-scale producers on sanitation, process control, and equipment
management. This enables them to maintain an amazing practice in fish processing, on the one hand, observe
formal food safety standards, maintain a competitive edge over competitors, and increase consumers'
confidence, on the other. The empirical experience across Southeast Asia has demonstrated that GMP can
have a transformative effect on the safety and market value of aquatic products. For instance, the adoption of
GMP in the production of pla-duk-ra in Phatthalung province (Thailand) has made the microbiological process
safer, more efficient, and more cost-effective. Their monthly profits from local manufacturers were more than
300% higher after adding the ready-to-eat and by-product lines [5]. Analogous actions were applied to
Indonesian small-scale fish production, resulting in reduced contamination and spoilage and making the
certification process more applicable [6]. In terms of extension systems, the GMP training and certification
cycles indicate that the transfer of agricultural technology can increase productivity and sustainability while
preserving cultural knowledge. Participatory GMP (hygienic) upgrading (including sanitation, process flow
design, and environmental management) is an instance of a science-and-practice-driven integrated rural



ASEAN ]. Sci. Tech. Report. 2026, 29(7), e262437. 3of 21

development model [3]. By shifting the focus of agricultural extension work from productivity-driven
interventions to public health- and environmental-sustainability-oriented initiatives, GMP drives important
systems-level changes that improve local business capabilities and foster more inclusive food value chains.
The implementation of GMP to improve the quality of traditional beverages also aligns with the Thai
government’s National Strategic Framework (2018-2037) for enhancing competitiveness. This structure
advocates for security and safe, sustainable agriculture to increase farmers' Gross Domestic Product [7].
Strategically, this linkage underscores the relevance of GMP-related interventions to other overriding national
development objectives and to the convergence of extension policy.

This research examined technical interventions in community-based catfish processing establishments
regarding the extent of GMP compliance. It also examined the role of GMP in disseminating innovation,
facilitating knowledge transfer, and promoting sustainable rural development. It investigates BAICE's work
in Phatthalung Province and adds to a growing body of evidence on extension strategies that successfully
combine traditional knowledge systems with contemporary food safety standards. This integration enriched
cultural identity and strengthened the economic viability of community-based agro-enterprises.

2. Materials and Methods

This study hypothesizes that a participatory extension approach can significantly elevate traditional
pla-duk-ra production to GMP-compliant standards, yielding safer and more uniform products, broader
consumer acceptance, and sustainable community income. To test this hypothesis, the study draws on
Participatory Action Research (PAR), agricultural extension theory, and food-safety management principles,
conceptualizing Good Manufacturing Practices (GMP) adoption not as one-way technology transfer but as an
iterative, multi-stakeholder learning process in which scientific knowledge and indigenous wisdom are jointly
mobilized. The framework comprises four interconnected components (Figure 1). Contextual inputs capture
the pre-intervention state of the Banphabontam Agricultural Innovation Community Enterprise (BAICE):
indigenous fermentation know-how, baseline GMP compliance below 60 %, limited food-safety infrastructure,
absence of regulatory registration, and restricted market access. The participatory intervention process
engages three stakeholder groups - university researchers, BAICE processors, and public health consultants -
through a 30-month PAR cycle of diagnosis, co-design, trial, and reflection spanning four functional domains:
facility redesign, hygiene control, packaging design, and regulatory documentation. Measurable outputs are
evaluated across regulatory compliance, product safety, product quality, and economic performance, while
outcomes and wider impact unfold at enterprise, community, and systems levels, aligning with Thailand's
National Strategic Framework and the Sustainable Development Goals. Participatory extension thus serves as
the bridge between traditional wisdom and modern regulation, allowing cultural identity and regulatory
compliance to advance together through bidirectional knowledge flows.

2.1 Study area, research design, and general approach

The study was conducted at the Banphabontam Agricultural Innovation Community Enterprise
(BAICE), located in Phabon District, Phatthalung Province, Thailand, over 30 months from March of 2023 to
August of 2025. It employed a mixed-methods design, using (i) Participatory Action Research (PAR), (ii)
laboratory assessment of product quality, and (iii) questionnaire-based evaluation. We chose PAR as the study
design because addressing our research question required a cycle of action (a trial production run with
modified procedures) followed by critical reflection and revision with stakeholders before moving on to the
next round of interventions between researchers and community processors.

2.2 Participants & Sampling Strategy

This study comprised three stakeholder groups: (1) Research team, five researchers and research
assistants from Thaksin University who facilitated the study, conducted laboratory work, and prepared
documentation; (2) BAICE processors, five members, selected through purposive complete enumeration, as
they represented the entire active workforce involved in pla-duk-ra processing at the time of the study. The
inclusion criteria were: (i) at least two years of experience in processing pla-duk-ra; (ii) a primary role in at
least one step of production, including preparation, salting, drying, or packaging; and (iii) agreement to
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participate throughout the duration of the project. Because the sample size was small (n = 5), this group was
considered a census of the target enterprise rather than a randomly drawn sample from a larger population.
This structural feature and limitation of single-enterprise PAR studies are elaborated on in Section 2.3; and (3)
Regulatory consultants —two food-safety officers from the Phatthalung Provincial Public Health Office, who
provided regulatory advice and assisted with the FDA submission.

2.3 Participatory process and intervention/treatment timeline

The participatory process lasted 30 months, during which 30 site visits to BAICE were conducted.
Engagement activities included: (1) 10 group meetings-situational analysis, joint planning, and post-cycle
reflection meetings (approximately 2-3 h each); (2) five hands-on training workshops outlining GMP
principles, hygienic processing, packaging, labelling, and microbiology (one day each); (3) five semi-
structured in-depth interviews with BAICE members, using an interview guide addressing processing history,
perceived problems, willingness to change, and post-intervention experiences; and (4) 10 on-site
demonstrations of revised processing procedures performed jointly by researchers and BAICE member(s).

The different roles within the PAR cycles were clearly defined. (1) BAICE members selected locally
relevant production challenges, designed changes to processing, carried out trials following modified
protocols, and reported sensory and operational observations at the end of each experimental round. (2)
Researchers and research assistants conducted workshops and facilitated reflection sessions, while all
laboratory analyses, preparation of regulatory documents, and quantitative and qualitative data analyses were
completed by the research team. (3) Public health consultants provided recommendations on good
manufacturing practices and Thai FDA-compliant facility upgrades, as well as investigations of labeling and
registration submissions.

2.4 Stage 1 Refined production of pla-duk-ra aligned with GMP

All production processes, equipment, tools, and storage practices at BAICE were evaluated and
modified according to the Manual for Inspection of Food Production Facilities Based on Legally Mandated
Good Manufacturing Practice Criteria 420 [8], issued under the Ministry of Public Health Notification No. 420,
B.E. 2563 (2020), hereinafter referred to as “GMP 420.” Non-conformities identified during the baseline audit
were considered jointly with BAICE members and public health consultants, followed by the co-design of
corrective actions that were implemented before the next production cycle.

2.5 Stage 2 Laboratory and sensory quality assessment of pla-duk-ra

Pla-duk-ra samples were collected from BAICE both before the GMP intervention (baseline) and after

implementation (post-intervention), allowing the same enterprise to serve as its own control. A total of three
subsamples were randomly selected from at least a 1 kg production batch and analyzed in triplicate within 7
days of production at the Food Science and Technology Laboratory, Thaksin University.
Chemical and microbiological analyses included: (1) water activity (aw), measured using an AQUA LAB
Model 050796243 water-activity meter, calibrated against saturated salt standards on each day of use; and (2)
enumeration of yeasts and molds, Escherichia coli, and Staphylococcus aureus, conducted according to the
Bacteriological Analytical Manual (BAM, 2001) [9].

The Community Product Standards (TCPS, 2005) were followed for sensory evaluation [10]. Sensory
evaluation of general appearance, color, flavor, and texture was performed according to the indicated testing
protocol. At least five assessors trained in the evaluation of pla-duk-ra were assigned to the sensory evaluation
panel. The samples were reviewed and scored independently by each assessor. The general appearance and
color of the pla-duk-ra samples were visually assessed by placing them on white ceramic plates. The samples
were fried under suitable temperature and time conditions, after which flavor and texture were assessed
organoleptically. The scoring criteria were applied with sufficient evaluative instructions [10].

2.6 Stage 3 Packaging design and Thai FDA certification

The packaging and labeling of pla-duk-ra products were developed in accordance with the Ministry
of Public Health Notification No. 367, B.E. 2557 (2014). Six products were submitted for Thai FDA certification
in cooperation with the Phatthalung Provincial Public Health Office: (1) dry-fermented catfish, (2) ready-to-
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eat fried pla-duk-ra, (3) sweet fish sauce, (4) khao yam sauce, (5) rice seasoning, and (6) dry-fermented catfish
chili paste. The products were categorized by regulatory food category, including processed foods requiring
labels, ready-to-cook foods, and ready-to-eat foods.

Thai FDA certification involved both the issuance of a food production facility license and the assignment of
individual product registration numbers for each product and manufacturer via Form SB applications. The
Thai FDA e-submission system then assessed the ingredient composition and permitted use levels. [8] The
Phatthalung Provincial Public Health Office issued final certification.

2.7 Stage 4 Economic analysis

Upon completion of the intervention, a systematic cost-benefit analysis was conducted using project
data through August 2025. Three financial indicators were calculated for each of the six FDA-certified
products: (i) monthly income, (ii) cost of production, and (iii) net profit. Cost components included raw
materials, packaging, labor, utilities, equipment depreciation, and certification fees, allocated to each product
based on the selected allocation method.

2.8 Statistical analysis

All data were analyzed using IBM SPSS Statistics (version 26.0; IBM Corp., USA). Continuous
variables are expressed as mean + standard deviation of triplicate measurements. As BAICE served as its own
control, paired comparisons between baseline and post-intervention values were performed. Water activity
and sensory scores (general appearance, color, flavor, and texture) were compared using the paired-samples
t-test, while logio-transformed microbial counts (yeasts, molds, E. coli, and S. aureus) were compared using the
Wilcoxon signed-rank test. Differences were considered statistically significant at p < 0.05. GMP compliance
percentages, Thai FDA registration outcomes, and economic indicators are reported descriptively.
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Local know-how GMP < 60% No FDA license Local market
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|
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Figure 1. Conceptual framwork
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3. Results and Discussion

3.1. Development of pla-duk-ra products to GMP

BAICE was ready to go on facilities, as it already had a production site that could be improved to meet
GMP standards. It also had a strong community with members who could keep the business running. A
detailed study was conducted to inspect the production method using the food production facility inspection
and evaluation form, according to the Ministry of Public Health Notification for BAICE, before and after
improvements to meet GMP standard production systems. The GMP assessment of BAICE revealed that the
pla-duk-ra production system faced food safety vulnerabilities at the pre-intervention stage. There were six
aspects to be concerned about: 1) Locations and production buildings, 2) Production equipment and utensils,
3) Process control, 4) Sanitation, 5) Maintenance and cleaning, and 6) Personnel. The BAICE factory was not a
factory under statistical classification, as it had less than 20 HP from aggregate machinery and/or fewer than
7 workers. Form SB. 1 was applied to matters that did not originate from a factory. However, the facility had
to adhere to the Ministry of Public Health Notification (No. 342) B.E. 2555 (2012), which pertains to how food
is prepared, which equipment and utensils should be used, and how processed food in containers offered for
retail sale is stored. To pass the inspection evaluation, the total score for each topic and the overall total score
must be at least 60%, and there must not be any significant problems.

Quantitative evaluation showed that overall compliance across six GMP categories was below 60%,
indicating substantial non-conformities and a high level of risk requiring corrective action (Table 1). The lowest
score was attributed to maintenance and cleaning (30.10%), with sanitization next (30.71%). Personnel were
rated with the highest average percent (41.91%), but still below the acceptance level for GMP certification.
These initial results are consistent with longstanding weaknesses in rural and small-scale food processing
businesses, which often operate with little technical support. The small and medium-sized processors often
struggle to meet the key quality and safety requirements due to limited or no formal hygiene specifications,
poor infrastructure, and insufficient staff training [11]. The results, therefore, highlight the critical need for
structured technology transfer through extension programs to facilitate improvements in compliance. The
GMP assessment of BAICE at the case level highlights persistent structural deficiencies in sanitation and
maintenance within small community-based food enterprises, aligning with broader sectoral findings. These
shortcomings reflect systemic issues rather than isolated cases. The analysis, framed by theories such as
prerequisite-program theory and innovation-diffusion, underscores the necessity and theoretical basis for
targeted interventions. The baseline scores serve as diagnostic tools to guide theory-driven improvements in
the pla-duk-ra production system rather than as final measures of organizational effectiveness.

3.1.1 GMP assessment by categories

The facility faced major structural issues, including poor zoning, unsealed ceilings, pest infestations,
and uneven flooring, which increased the risk of contamination (Figure 3). These inadequacies are consistent
with emerging evidence from studies of small- and medium-scale enterprise (SME) food processors in
Southeast Asia, where inadequate infrastructure and site layout were identified as critical factors in
contamination and pest infestation within facilities [12]. Before the renovation, the production building was
an open, common space without any separation, where the supply of processed products and packages was
made at the same location for drying (Figure 3). The remodeling of the pla-duk-ra processing layout balances
modernization with traditional rural culture, promoting hygienic and safe production. This reflects the
broader challenge in Southeast Asia of integrating Good Manufacturing Practices (GMP) with longstanding
methods. Small community-based producers often face constraints in equipment hygiene and operational
efficiency. Suggested improvements, such as better tools, hygienic zoning, and clear Standard Operating
Procedures (SOPs), aim to enhance safety and efficiency without compromising cultural values. Major process
issues, such as reckless water use, poor storage of raw materials, and inadequate procedures, pose
contamination risks in rural fermentation [13]. Planned improvements to water filtration and record-keeping
enhance safety and traceability. Research in Thailand confirms that capacity-building in rural enterprises
reduces contamination and boosts compliance [14].

The facility faced major non-compliance issues, including pest control, open containers, and poor
hand-washing facilities, threatening pla-duk-ra hygiene. Traditional open-air processing highlights the
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challenge of balancing cultural norms with modern safety measures to prevent contamination. Similar
challenges in fish processing show that GMP integration improves quality and safety [15]. Key weaknesses
included a lack of sanitation protocols and improper storage of chemicals. Recommended improvements focus
on cleaning schedules, secure chemical storage, and ongoing staff training to sustain a strong food safety culture.
The six GMP non-compliance categories at BAICE reveal a rural food enterprise that is structurally
underdeveloped yet culturally rich and behaviorally unique. Each issue aligns with established food safety
literature on sanitation, knowledge transfer, and microbial hazard control [16]. This assessment offers a theory-
based framework for targeted improvements, demonstrating that traditional production can be systematically
enhanced under GMP without losing its cultural identity, making the approach especially effective for pla-duk-ra.

o5 o -

Figure 2. The BAICE production facility that produced pla-duk-ra before the improvement project. Front area (a),
Inner area (b)

N

Dry-fermented catfish production area 9x 3.2 m.

Housing

Walkway

3 m.

Fish processing
area

32 m.

Meeting area

Fisl} solar-
drying area Catfish pond

Figure 3. Diagram of the pla-duk-ra product processing facility before the Primary GMP audit and improvement
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3.1.2 Participatory extension—driven transformation

Participatory extension redefined BAICE and enabled public health officers, extension specialists, and
communities to collaboratively examine GMP issues and development strategies. The community gained
hands-on experience, a better understanding of regulation, and shared responsibility for compliance-the
ingredients needed to make long-term rural food safety sustainable ultimately. This is through an intervention
that simultaneously addresses the technical, organizational, and cultural dimensions by reframing extension
as co-production rather than a top-down transfer; enabling an institution-wide helix arrangement; and
embedding learning in a social context. The results confirm that how capacity is built can be as significant as
what is taught.

Figure 4. On-site inspection and assessment of pla-duk-ra product production facilities by the public health
officers in Phatthalung province

3.1.3 Layout improvement and compliance achievement

Following the GMP assessment, BAICE redesigned its production layout to support a hygienic
workflow (Figure 5), with distinct rooms for changing, raw material handling, processing, and
packaging/storage (Figure 6). These improvements enhanced hazard control, met Primary GMP standards,
and preserved pla-duk-ra’s traditional character. BAICE earned SB.1 registration from the Ministry of Public
Health, demonstrating its effective capacity-building. This case exemplifies how culturally grounded,
participatory modernization can transform rural food enterprises into safe, competitive businesses without
sacrificing cultural identity.

3.1.4 Apply for food production facility licensing

After the GMP assessment, BAICE reorganized its production facility to meet food safety standards,
creating distinct areas including a changing room, a wet zone for raw material reception and cleaning, a dry
processing zone with shelves and preparation tables, and a packaging and finished product storage area. This
layout met the requirements for a food production facility license. In Thailand, small-scale facilities with fewer
than 50 employees and machinery under 50 horsepower apply via Form SB.1, while larger factories use Form
O.1. With seven workers and machinery below 20 horsepower, BAICE qualified under Group 1 (non-factory)
and applied accordingly. The application to the Provincial Consumer Protection Unit included verification
documents, business registrations, premises evidence, and technical materials such as layout maps,
flowcharts, machinery lists, sanitation, and water quality plans. Although not classified as a factory, BAICE
complied with Ministry of Public Health Notification No. 342 (B.E. 2555/2012). After review and inspection,
BAICE obtained an eight-digit food production registration number, enabling legal operation and market
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distribution. This success reflects the integration of facility design, food safety science, regulatory compliance,
and small enterprise development, demonstrating that GMP adherence can drive microenterprise upgrading
and competitive positioning rather than serve as a regulatory burden.

T

N

Dry-fermented catfish production area 9x 3.2 m.
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Figure 5. Diagram of the pla-duk-ra product processing facility after Primary GMP audit and improvement
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Figure 6. The BAICE production facility that produced pla-duk-ra after the improvement project. Front area
(a), Side area (b), Employee changing area (c), Raw material washing and preparation area (d),
Mixing area (e), Packing area (f)

3.2. Quality evaluation of pla-duk-ra products

The chemical and biological properties of pla-duk-ra products are presented in Table 2. Quality
parameters were compared before and after GMP implementation using the Thai Community Product
Standards as the reference criteria. The results showed that water activity (aw) decreased significantly after
GMP implementation (p<0.05), from 0.85 before implementation to 0.71 after implementation. The post-
intervention value was below the Thai Community Product Standard limit of 0.80 [10]. This reduction is
important for product safety and shelf-life extension, as lower water activity can inhibit the growth of
pathogenic and spoilage microorganisms. The improvement may be associated with better control of
fermentation and drying practices following GMP-based training and process standardization. This finding is
consistent with previous studies on fermented fish products, which have emphasized the importance of
controlling water activity in producing safer intermediate-moisture foods with extended shelf life [2]. A
substantial reduction in yeast contamination was also observed, with counts decreasing from 1.2x10* CFU/g
before implementation to 1.0x10> CFU/g after implementation. The post-intervention value was well below
the Thai standard limit of 1.0x10¢ CFU/g. This approximately two-log reduction indicates improved sanitation,
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handling practices, and process control. Similar improvements have been reported in fish products when strict
hygiene practices, clean water, and controlled drying conditions were applied [15].

Lower yeast counts may also reflect better environmental control, improved equipment cleaning, and
more hygienic handling during production [16]. Mold counts were low both before and after GMP
implementation, at 13 and 10 CFU/g, respectively, well below the Thai standard limit of 500 CFU/g. The low
mold counts may be partly related to the natural antimicrobial effects of salt and fermentation. The slight
reduction after implementation may also be associated with improved facility conditions, better ventilation,
reduced environmental contamination, and improved humidity control. Appropriate facility design and good
airflow are important factors in reducing mold growth in fermented fish products. The most critical safety
concern was observed in the pathogenic bacterial indicators. Before GMP implementation, E. coli was detected
at 30 MPN/g, exceeding the Thai standard limit of 10 MPN/g. After GMP implementation, E. coli decreased to
less than 3.0 MPN/g, meeting the standard requirement. This reduction indicates improved hygiene control,
especially in raw material handling, water quality, equipment sanitation, and the prevention of fecal
contamination. Similarly, S. aureus decreased from 150 MPN/g before implementation to less than 3.0 MPN/g
after implementation. Importantly, the pre-intervention value of 150 MPN/g exceeded the Thai standard limit
of 100 MPN/g, indicating a genuine public health concern before the intervention. The presence of S. aureus
above the standard may reflect inadequate personal hygiene, improper handling, insufficient sanitation of
equipment and production areas, or lack of systematic health and hygiene practices among workers. Since S.
aureus is commonly associated with human handling and can produce heat-stable enterotoxins under
favorable conditions, its detection above the regulatory limit highlights the need for strict hygiene
management in traditional fermented fish processing. After GMP implementation, the reduction of S. aureus
to less than 3.0 MPN/g suggests that improved management practices were effective in reducing
contamination risks. These practices included worker hygiene training, hand-washing procedures, use of
protective clothing, improved sanitation of production areas, better cleaning of equipment and utensils, and
stronger process control.

Therefore, the microbiological results demonstrate not only product quality improvement but also a
meaningful reduction in public health risk. Fundamentally, controlling intrinsic parameters such as water
activity, in conjunction with minimizing initial contamination through hygienic practices, is the primary
mechanism for inhibiting specific spoilage organisms and extending the shelf life of fish products [17]. Overall,
the reductions in water activity, yeasts, E. coli, and S. aureus indicate that GMP-based upgrading contributed
to improved safety and quality of pla-duk-ra. These findings support the participatory action research
approach used in this study, which combined community participation and expert guidance to achieve
measurable improvements in production practices. Although the post-intervention results met the relevant
Thai Community Product Standards, continued monitoring is still necessary to ensure that product safety and
quality are consistently maintained over time.

Table 2. Chemical and biological properties of pla-duk-ra product from BAICE

Chemical and biological Before the project After the project Thai Community
properties implementation implementation Product Standards
Water activity (aw) 0.85+0.02 0.71+0.04 0.80+0.06
Yeasts (CFU/ g sample) 1.2x104 1.0x102 1x104
Molds (CFU/g sample) 13 10 500
E. coli (MPN/g sample) 30 <3.0 10
S. aureus (MPN/g sample) 150 <3.0 100

Note: Values of water activity are expressed as mean + standard deviation. Microbiological values are reported
as CFU/g or MPN/g sample, as appropriate.

Sensory evaluation was conducted before and after project implementation by the same five trained
assessors who had experience in evaluating pla-duk-ra (Table 3). Employing a trained sensory panel is critical
for minimizing individual psychological biases and obtaining objective, reproducible analytical data on
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specific product attributes [18]. The study concludes that GMP implementation improves all sensory
attributes, indicating that this type of quality improvement is not only related to food safety and legal aspects
but also to sensory attributes important for consumer appeal and market value. The appearance stringency
was increased by 18.1%, and the appearance scores were expectedly elevated from an average of 3.20 to 3.78,
verifying that a standardized manufacturing process protocol, performed in compliance with GMP, can
indeed be successfully established. This improvement is probably due to better selection of raw materials,
consistent processing procedures, and superior quality assurance practices. Sensory parameters indicate that
the size is uniform, the skin is intact, and the product is not over-dried. Further, the higher post-
implementation scores indicate that the GMP training and SOPs were successful in training workers to
consistently produce products that are appealing.

The color scores fared the best, with a 5.9% gain from 3.70 to 3.92, very close to "excellent". Quality
standards demand that commodities have a natural color of pla-duk-ra. The relatively high initial product
suggests that the traditional recipe already provided good color development, and the GMP modification
improved stability more fundamentally, even though this property changed significantly. Fermented fish
product color development is mediated by a number of complex biochemical mechanisms, including Maillard
reactions, lipid oxidation, and enzymatic browning, which are better regulated under GMP conditions.

The flavor had the largest improvement, increasing by 26.8% from 3.10 to 3.93. This development is
particularly noteworthy because flavor perception extends beyond mere physical taste; it is a profound
psychological determinant that significantly influences consumer food choice, overall acceptance, and
eventual repurchase behavior [19]. According to quality standards, fermented catfish should have a natural
taste without off-flavors such as mustiness, rancidity, or bitterness. The large decrease was associated with a
significant reduction in microbial load, especially E. coli and S. aureus. Since the survival and proliferation of
these pathogens during fermentation pose significant safety risks and can lead to the production of metabolites
that alter characteristic flavor profiles, controlling them through systematic hygiene is crucial
[20]. Furthermore, GMP for cleaning food-grade materials and equipment prevents chemical contamination
that might alter taste.

Texture scores for pla-duk-ra rose by 18.8%, from 3.20 to 3.80, meeting quality standards of softness
and tenderness without undesirable sensations. This improvement resulted from better control of the
fermentation-drying cycle using standardized methods, which lowered water activity from 0.85 to 0.71,
limiting microbial growth and enhancing product stability. All sensory attributes showed statistically
significant improvements (p<0.05) post-GMP implementation, with ratings near or above the "excellent"
category (=3.80). This demonstrates that GMP enhances both safety and consumer-relevant quality, aligning
with Codex guidelines on hygiene supporting safe, suitable food production [21]. Unlike conventional
methods, BAICE maintained original sensory characteristics while improving quality, addressing concerns
about authenticity loss through standardization. These sensory gains have important business implications,
as product quality influences consumer satisfaction, repeat purchases, and willingness to pay premium prices.
Sensory evaluation is crucial to understanding consumer perceptions and acceptance. The improved
appearance and taste reinforce pla-duk-ra’s status as a Southern Thai specialty, supporting efforts to promote
traditional foods that enhance nutritional value and commercial potential while preserving cultural identity.

In this study, the objective of the sensory evaluation was therefore not to quantify direct consumer
preference or purchase behavior, but rather to evaluate the quality attributes of pla-duk-ra in line with
established product-specific criteria with intermediate moisture foods [22]. Therefore, the sensory score
increases seen in the present study should be interpreted as increased product quality from a trained sensory
panel perspective rather than consumer acceptance [23]. Enhancements are likely due to improved control of
raw catfish, salting, drying, sanitation, and overall process management under GMP. However, further
consumer-focused sensory studies, including acceptance and purchase intent, are needed to confirm if these
quality improvements meaningfully influence consumer preferences and purchasing behavior in the market.
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Table 3. Sensory property of pla-duk-ra from BAICE

Sensory property Before the project implementation After the project implementation
Appearance 320+£0.43 3.78 £0.32
Color 3.70+£0.23 3.92+044
Flavor 3.10+0.33 3.93+0.39
Texture 3.20+0.38 3.80+0.39

Note: Values are expressed as mean + standard deviation. Different letters within the same row (horizontally)
indicate statistically significant differences (p < 0.05).

Sensory/quality criteria

General appearance: Must be fairly dry; units within the same container should be similar in size; skin must
be intact (no tears).

Color: Should exhibit a good, natural color characteristic of fermented catfish (pla duk ra).

Aroma & taste: Should have a good, natural aroma and taste characteristic of fermented catfish; free from
undesirable off-odors/off-flavors such as musty, rancid, or bitter notes.

Texture: Should be soft; neither mushy nor overly hard/tough.

Scale: 4 = Excellent; 3 = Good; 2 = Fair (acceptable); 1 = Needs improvement.

3.3 Packaging and Thai FDA certification

To enhance pla-duk-ra’s market competitiveness, continued focus on packaging and label design is
essential. Good packaging not only improves product appeal and security but also preserves quality and
extends shelf life, facilitating market expansion. According to the Ministry of Public Health Notification B.E.
2557 (2014), retail packaging must comply with specified volume limits and include clear labels detailing
product name, ingredients, nutrition facts, usage instructions, and necessary warnings to meet regulatory
requirements and consumer expectations. Good packaging helps protect food products, maintain quality and
safety, and extend shelf life during storage and distribution [24]. For retail packaging, the declared net quantity
should comply with the Ministry of Commerce regulation on prepackaged goods. Labeling of pla-duk-ra
products should follow the Ministry of Public Health Notification No. 450 B.E. 2567 on labeling of prepackaged
foods, which replaced earlier labeling notifications, including Notification No. 367 B.E. 2557 [25]. Product
labels for pla-duk-ra must be clear, readable, and easy for consumers to understand. Labels should include
production or expiry dates, proper storage instructions, and a detailed list of main ingredients. This aligns
with Ministry of Public Health Notification No. 450 B.E. 2567 (2024), which mandates that prepackaged food
labels be legible, accurate, and informative, including food name, net quantity, allergen information, date
marking, warnings, and usage instructions. The notification also clarifies expiration and consume-before dates
based on food quality and storage conditions, emphasizing the importance of clear date marking and storage
guidance [25].

Packaging and labels for BAICE products are presented in Figures 7 and 8. Packaging and labels
influence consumer decisions by conveying quality, safety, and product identity. Appropriate packaging for
pla-duk-ra adds value and sustainability by protecting food quality, controlling environmental contact,
reducing waste, and extending shelf life when matched to preservation needs. Good packaging can also help
slow quality deterioration by reducing exposure to factors that may cause oxidation, mold growth, microbial
contamination, and other changes that affect product safety and shelf life [26]. Clear and well-designed label
graphics can help build consumer confidence when the label is easy to read and contains complete, accurate,
and non-misleading information. According to the Thai FDA labeling requirements, label text must be
prominent, readable, and presented with appropriate contrast between the text and background [25].
Sustainable packaging preserves food quality, reduces waste, and offers economic and environmental benefits
through eco-friendly materials and technologies [27].

The process of obtaining food registration numbers in Thailand demonstrates BAICE’s success in
securing Thai FDA certification for six traditional fermented fish products. This achievement is significant
because traditional fermented foods must be rigorously controlled as they are developed from household or
community-based production into standardized commercial products. Steinkraus [28] emphasized that the
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industrialization of indigenous fermented foods should preserve traditional characteristics while improving
hygiene, process control, consistency, and safety. In this context, BAICE's certification represents an important
step toward transforming fermented fish products into regulated, market-ready foods. Food registration in
Thailand requires submission of Form SB.7 through the Thai FDA E-submission system, which evaluates
product formulations and ingredient compositions. BAICE's six FDA registration numbers indicate progress
in quality standardization, Primary GMP implementation, and compliance with food safety regulations. This
is especially important for fish-based products, which are vulnerable to quality deterioration and microbial
contamination if raw materials, processing, drying, packaging, storage, and distribution are not properly
controlled. Huss et al. [29] noted that seafood safety management must address hazards throughout the
production chain. The dry-fermented catfish product, FDA No. 93-2-00567-6-0002, is classified as a general
food under animal products and requires microbiological safety evaluation for pathogens such as S. aureus,
Salmonella spp., and Clostridium spp. Overall, BAICE’s certification reflects the integration of traditional
fermentation knowledge with modern food safety standards [28], [29].
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Figure 7. Labels of products from the PLA-duk-ra production process. Ready to eat fried pla-duk-ra (a), Khao-yum
sauce (b), Sweet fish sauce (c), Rice seasoning (d), Dry-fermented catfish chili paste (e).
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Most registered BAICE products are classified as ready-to-eat or ready-to-cook foods, including FDA
Nos. 93-2-00567-6-0003, 93-2-00567-6-0004, 93-2-00567-6-0006, and 93-2-00567-6-0007. This classification shows
how processing innovation can enhance the value chain of traditional fermented fish products by converting
them into convenient forms that meet modern consumer needs. This development aligns with the Thailand
4.0 approach, which emphasizes innovation, product development, knowledge application, and quality
management to improve the competitiveness of community enterprises [30]. The Khao-yum sauce product,
FDA No. 93-2-00567-6-0005, also reflects product diversification by transforming traditional fermented fish
knowledge into a value-added condiment. This helps preserve regional culinary identity while expanding
market opportunities. Fermented fish products are culturally important in Asia, and their characteristics are
influenced by raw materials, traditional processing, and microbial activity, as shown in studies of ngari, hentak,
and fungtap [31]. Globally, fermented foods demonstrate how traditional knowledge can be developed into
diverse products while maintaining cultural and sensory qualities [32]. Overall, BAICE’s FDA certification
reflects effective quality control, product standardization, and technical support. This achievement enhances
market access, consumer confidence, product value, and sustainable rural livelihoods.

Figure 8. Packaging of pla-duk-ra product (a) and ready-to-eat products (b) from pla-duk-ra production process of
BAICE
Table 4. Thai FDA certification for food products in the form of food registration numbers of BAICE

No. FDA Registration code Name of product Type of product
1 93-2-00567-6-0002 Dry-fermented catfish ~ General foods, including animals and
animal products that have passed
evaluation and inspection

2 93-2-00567-6-0003 Ready to eat fried Pla- Ready-to-cook foods and ready-to-eat
duk-ra foods, including ready-to-eat food
products
3 93-2-00567-6-0004 Sweet fish sauce Ready-to-cook foods and ready-to-eat
foods, including ready-to-eat food
products
4 93-2-00567-6-0005 Khao-yum sauce General foods, including seasonings that
have passed evaluation and inspection
5 93-2-00567-6-0006 Rice seasoning Ready-to-cook foods and ready-to-eat
foods, including ready-to-eat food
products
6 93-2-00567-6-0007 Dry-fermented catfish Ready-to-cook foods and ready-to-eat
chili paste foods, including ready-to-eat food

products
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3.4 The economic analysis

This economic investigation of BAICE after GMP implementation and Thai FDA approval
demonstrates the financial feasibility of upgrading traditional fermented fish products. Based on August 2025
data, six FDA-approved products generated total monthly revenue of USD 2,821, with production costs of
USD 1,383 and net income of USD 1,438. The overall profit margin was 51.0%, indicating that quality
improvement, food safety certification, and product standardization can increase product value and
strengthen market competitiveness. BAICE’s performance is consistent with consumer behavior studies
showing that consumers are willing to pay more for products perceived as safe, high quality, and produced
under recognized standards. Thai FDA approval and GMP implementation may therefore enhance consumer
confidence and support premium pricing for improved traditional fermented fish products [33]. Pla-duk-ra
was the main revenue-generating product, contributing USD 2,480 (87.9% of total revenue) and USD 1,240
(86.2% of net income), with a 50.0% profit margin. This reflects strong market demand for traditional
fermented fish. BAICE’s success also underscores the importance of collective action in helping community
enterprises improve quality, meet regulatory requirements, and access higher-value markets [34]. Overall,
BAICE demonstrates how small-scale producers can adapt to changing agrifood markets through certification,
quality management, and enterprise cooperation [35].

The five value-added derivative products contributed USD 341, or 12.1% of total monthly revenue,
and USD 198, or 13.8% of total net income. These products showed profit margins ranging from 49.5% to
71.0%. The second-highest revenue was generated by ready-to-eat fried pla-duk-ra, with USD 155 in monthly
revenue, USD 62 in production cost, USD 93 in net income, and a profit margin of 60.0%. Sweet fish sauce and
Khao-yum sauce each generated USD 31 in monthly revenue, USD 9 in production cost, USD 22 in net income,
and a profit margin of 71.0%. Rice seasoning generated USD 31 in monthly revenue, USD 16 in production
cost, USD 15 in net income, and a profit margin of 48.4%. Dry-fermented catfish chili paste generated USD 93
in monthly revenue, USD 47 in production cost, USD 46 in net income, and a profit margin of 49.5%. These
findings indicate that product diversification after GMP implementation and FDA certification helped BAICE
generate additional income from value-added products. Such diversification may also strengthen market
linkages by enabling producers to offer a broader product portfolio that responds to consumer demand and
market opportunities. In addition, GMP implementation and FDA certification can enhance buyer confidence
and trust in agribusiness supply chains, which are important factors supporting long-term market
relationships and commercial sustainability.

Several factors explain BAICE’s financial success after regulatory compliance. Certification and FDA
registration strengthened the enterprise by improving access to formal retail markets, where certified products
are often required and may command better prices [36], [37]. FDA approval also enhanced consumer trust,
particularly among urban consumers who increasingly value food safety, health, and product quality [38],
[39]. In addition, improved production management helped reduce losses from contamination, inconsistent
quality, and batch failure. For fermented products, such control is especially important because quality
depends on fermentation conditions and microbial activity [40]. BAICE’s monthly net income of USD 1,438 is
economically significant in rural Thailand, where household livelihoods are closely connected to local
production and consumption systems. When distributed among community members, this income supports
household welfare, food security, and local economic resilience. Product diversification also reduces
dependence on a single product and reflects sound risk-management practice for smallholder food enterprises.
The overall cost-to-revenue ratio of approximately 49.0% and profit margin of 51.0% indicate that quality
improvement and regulatory compliance can be economically beneficial, not merely administrative
obligations. BAICE demonstrates how traditional food wisdom can be integrated with modern quality
standards to strengthen value-chain inclusion, support smallholders, and meet demand for safe products. This
model may benefit other community enterprises and contribute to SDGs 1, 2, 8, and 12 [41].
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Table 5. Cost analysis and returns of BAICE after the project implementation in August 2025

Product Revenue Cost Net income (USD  Profit margin

(USD/Month) (USD /Month) /Month) (%)

1. Dry-fermented catfish 2,480 1,240 1,240 50.0

(pla-duk-ra)

2. Ready to eat fried Pla- 155 62 93 60.0

duk-ra

3. Sweet fish sauce 31 9 22 71.0

4. Khao-yum sauce 31 9 22 71.0

5. Rice seasoning 31 16 15 48.4

6. Dry-fermented catfish 93 47 46 49.5

chili paste

Total 2,821 1,383 1,438 51.0

Note: Calculation: Net income = Revenue - Cost, Profit margin (%) = (Net income + Revenue) x 100

4. Conclusions

This study demonstrates that adopting GMP significantly improves food safety, product quality, and
economic performance in community-based catfish production. Using an extension-by-participation
approach, BAICE successfully reduced microbial contamination, improved sensory characteristics, and
obtained Primary GMP and FDA validation, allowing it to enter the regulated marketplace. Economic analysis
showed significant gains, with profit rates of 50%, reinforcing the possibility of improving ancient food
systems. Results show that mid-tier rural enterprises can meet national standards through training and facility
upgrades with a cultural foundation. This model provides a replicable platform to enhance sustainable rural
food systems in Thailand.
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