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ABSTRACT
Sanitation and hygiene are critical determinants of food quality and safety in the fisheries industry. Fish is a highly perishable commodity that is susceptible to rapid microbial deterioration if not handled under hygienic conditions. Comparative evaluations across multiple fish processing units (FPUs) within the same region remain scarce, limiting the identification of systemic gaps and best practices. A structured field observation study was conducted at four FPUs in Gorontalo City, Indonesia during May–June 2026: CV. X1 (frozen fish storage and distribution), CV. X2 (fresh tuna processing for export), CV. X3 (fresh tuna handling for local market), and CV. X4 (tuna loin processing). Sanitation and hygiene compliance was assessed using a standardised observation checklist referencing Good Manufacturing Practices (GMP), Sanitation Standard Operating Procedures (SSOP), and national food safety standards (SNI 01-4852-1998; SNI 2696:2021). Each FPU was evaluated across six domains: building and environmental sanitation, equipment sanitation, worker hygiene, production process sanitation, temperature management and cold chain, and packaging and traceability. Compliance was classified as Meets Standards (MS), Partially Meets Standards (PMS), or Does Not Meet Standards (DNS). CV. X2 and CV. X4 attained the highest compliance levels (MS) across most domains, supported by systematic HACCP implementation, consistent use of personal protective equipment (PPE), standardised processing workflows, and maintained cold storage. CV. X3 was rated PMS due to the absence of written hygiene SOPs, lack of chemical disinfection in equipment sanitation, one corroding knife, and no routine temperature monitoring. CV. X1 showed the lowest compliance (DNS) across building condition, worker hygiene, equipment sanitation, and product packaging, with unprotected storage areas, free-ranging poultry near processing equipment, and unlabelled product packaging. Market orientation and product specialisation significantly influence sanitation compliance in FPUs. Export-oriented and product-specific establishments demonstrated higher adherence to food safety standards. Systematic corrective measures—including facility repair, formalisation of hygiene SOPs, introduction of chemical sanitizers, and implementation of traceability labelling—are urgently required, particularly at CV. X1. Regulatory authorities are encouraged to institute routine sanitation audits across FPUs in Gorontalo. 
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INTRODUCTION
Fish—particularly tuna (Thunnus spp.)—is one of Indonesia's most economically significant fishery commodities, occupying a prominent position in both domestic and international markets. Gorontalo Province contributes approximately 8% of national yellowfin tuna production, which reached 185,000 tonnes in 2022 (1). Despite this economic importance, the quality of fishery products is highly sensitive to post-harvest handling conditions. Fish is classified as a highly perishable food (HPF) because of its high water and protein content, enzymatic activity, and susceptibility to microbial colonisation; if not managed under strict hygienic conditions, quality deteriorates rapidly (2).
Sanitation refers to the maintenance of clean environments, equipment, and facilities, whereas hygiene encompasses the personal cleanliness and behaviour of workers involved in food production (3). In the food processing industry, sanitation and hygiene encompass a broad range of aseptic activities, including the sanitation and hygiene of raw materials, personnel, infrastructure and facilities, finished products, cross-contamination control, and the management of generated waste (4). Together, these practices form the cornerstone of food safety management in fishery industries, preventing biological, chemical, and physical contamination throughout the supply chain. Failure to apply adequate sanitation measures can allow colonisation by pathogenic microorganisms—including Salmonella, Staphylococcus aureus, and Escherichia coli—creating public health risks (5).
Tuna loin (Thunnus albacares) is a value-added semi-processed product derived from fresh tuna through filleting, trimming, and freezing. According to the Indonesian National Standard SNI 2696:2021, frozen tuna loin must comply with strict quality and food safety requirements, encompassing sanitation throughout production (6). This product is particularly critical because it is often consumed raw or semi-cooked, amplifying the risk associated with any sanitation lapse (7).
Gorontalo City hosts several FPUs with distinct operational profiles: CV. X1 focuses on cold storage and frozen fish distribution; CV. X2 operates as a mid-to-large scale exporter of fresh tuna with a HACCP-certified system (7); CV. X3 supplies fresh tuna (1–2 tonnes/day) to local markets, restaurants, and hotels; and CV. X4 specialises in yellowfin tuna loin processing. These contrasting operational profiles make the four establishments well-suited for comparative sanitation analysis.
To date, no integrated comparative evaluation of sanitation and hygiene implementation across multiple FPUs in Gorontalo City has been published, particularly one encompassing the specialised tuna loin segment. This study aims to: (a) evaluate sanitation and hygiene implementation at four FPUs in Gorontalo City against prevailing standards; (b) identify the strengths and deficiencies of each establishment; and (c) provide evidence-based corrective recommendations.
MATERIALS AND METHODS
Study Design and Setting
A cross-sectional field observation study was conducted during May–June 2026 at four fish processing units in Gorontalo City, Indonesia. The establishments and observation dates were: (i) CV. X1, Pilolodaa Village, West City District, Gorontalo Regency (6 May 2026)—frozen fish cold storage and distribution; (ii) CV. X2, Jl. Satsuit Tubun No. 18, Tenda, Hulonthalangi District, Gorontalo City (8 May 2026)—fresh tuna processing for export; (iii) CV. X3, Gorontalo City (4–6 May 2026)—fresh tuna handling for local market; and (iv) CV. X4, Jl. Raja Wadipalapa, Dusun III, Dulomo Village, Tilango District, Gorontalo City (6 May 2026)—yellowfin tuna loin processing. The study was approved by the responsible supervisory academic staff and carried out in accordance with institutional practice guidelines.
Data Collection
Data were collected through structured field observation and semi-structured interviews with managers and workers at each establishment. Observation was performed using a standardised checklist adapted from GMP guidelines, SSOP requirements, and Indonesian national standards (SNI 01-4852-1998; SNI 2696:2021; Ministerial Decree of Marine Affairs and Fisheries No. 52A/2013). Six sanitation domains were assessed: (a) building and environmental sanitation (yard cleanliness, drainage, floor/wall condition, ventilation, lighting, and waste management); (b) equipment sanitation (material type, cleanliness, sanitisation procedures, and colour-coding); (c) worker hygiene (PPE use, handwashing practices, clothing condition, and existence of written SOP); (d) production process sanitation (raw material handling, area segregation, and cross-contamination control); (e) temperature management and cold chain integrity; and (f) product packaging and traceability. Documentary photographs were obtained at each site.
Data Analysis
Observation data were analysed descriptively and comparatively. For each domain, compliance was classified into three levels: Meets Standards (MS)—full adherence to applicable criteria; Partially Meets Standards (PMS)—minor deviations requiring corrective action; or Does Not Meet Standards (DNS)—substantial non-compliance requiring urgent intervention. Cross-FPU comparison was used to identify best practices and critical gaps. Recommendations were formulated based on empirical findings and current scientific literature.
RESULTS
General Profile of the Establishments
CV. X1 operates refrigerated containers (reefer containers) as its primary cold storage and inter-regional distribution units. CV. X2 is a HACCP-certified mid-to-large facility that processes fresh tuna for export markets, supported by documented GMP and SSOP protocols (8). CV. X3 operates with a daily capacity of 1–2 tonnes of fresh tuna using 8–12 employees, supplying local markets, restaurants, and hotels. CV. X4 specialises in tuna loin production—encompassing filleting, trimming, vacuum sealing, and freezing—conforming to SNI 2696:2021 requirements.
Building and Environmental Sanitation
CV. X2 and CV. X4 demonstrated the cleanest and best-maintained facility conditions. At both establishments, yards were free of litter and standing water, drainage systems functioned effectively, and floors and walls were intact. These conditions align with GMP requirements specifying that processing facilities must be designed to prevent ingress of environmental contaminants (9).
CV. X3 showed adequate conditions overall: a separate loading/unloading zone was available and the yard was generally clean. However, several drainage points were partially blocked by processing effluent residues, and floor cracks were observed in the production area, which may accumulate dirt and harbour pathogenic bacteria (10). Walls were coated with white waterproof paint meeting sanitary requirements, and LED lighting provided sufficient illumination.
CV. X1 presented the most critical facility deficiencies. The container storage structure was partially open, allowing ingress of dust and environmental contaminants. Black stains, rust, and organic residues were observed on container floors and walls, indicating incomplete pre-use cleaning. Notably, free-ranging poultry were present in the vicinity of processing equipment—a known source of Salmonella and other zoonotic pathogens (11). These conditions directly contradict SNI requirements that storage structures must protect products from all environmental contamination sources (12).

Table 1. Comparison of Building and Environmental Sanitation Conditions at Four FPUs in Gorontalo City
	Aspect
	CV. X1
	CV. X2
	CV. X3
	CV. X4

	Yard cleanliness & drainage
	Poor – open structure, pooling
	Excellent – clean, fully functional
	Fair – partial blockage
	Good – no puddles or litter

	Floor & wall condition
	Rust, black stains, organic residue
	Clean, waterproof paint
	Cracks on floor surface
	Clean and well-maintained

	Ventilation & lighting
	Insufficient – partly open building
	Good
	Good (LED lamps)
	Adequate

	Waste bin availability
	Inadequate
	Available, well-managed
	2 covered bins
	Available and properly used

	Protection from external contaminants
	Unprotected – poultry present
	Well-protected
	Adequate
	Good

	Overall Category
	Does Not Meet Standards
	Meets Standards
	Partially Meets Standards
	Meets Standards


Source: Field observation (2026). Note: All four FPUs are located in Gorontalo City, Indonesia.
Equipment Sanitation
CV. X2 and CV. X4 demonstrated satisfactory equipment sanitation. Both used food-grade stainless steel or approved plastic equipment and performed routine cleaning before and after use. At CV. X4, a heavy-duty cleaver and boning knife were maintained in clean, sharp condition, and weighing scales were regularly verified. These practices meet SSOP specifications for preventing chemical and physical product contamination (9). 
CV. X3 employed food-grade equipment but one fillet knife exhibited incipient corrosion at the handle junction, posing a risk of chemical and physical contamination (13). Equipment was washed with detergent and rinsed with clean water; however, a final disinfection step using a chemical sanitizer (e.g., sodium hypochlorite solution at 50–100 ppm) was absent—a critical omission, since chemical sanitation is the decisive step in eliminating residual microbial load under SSOP.
CV. X1 stored equipment such as plastic baskets in outdoor exposed areas near the external environment. The digital weighing scale exhibited water marks and surface soiling. No standardised sanitation procedure for equipment was identified, indicating absence of SSOP implementation.

Table 2. Comparison of Equipment Sanitation Conditions at Four FPUs in Gorontalo City
	Aspect
	CV. X1
	CV. X2
	CV. X3
	CV. X4

	Equipment material
	Plastic; non-standardised scale
	Stainless steel, food-grade
	SS food-grade; 1 rusting knife
	Food-grade (boning knife, scale)

	Cleanliness condition
	Water stains, inadequate cleaning
	Clean, routinely washed
	Generally clean
	Clean and well-maintained

	Sanitisation method
	Non-standardised
	Running water before & after use
	Detergent + rinse; no chemical sanitizer
	Clean water, routine post-processing

	Colour-coded cutting boards
	None
	Not explicitly noted
	None
	Not explicitly noted

	Overall Category
	Does Not Meet Standards
	Meets Standards
	Partially Meets Standards
	Meets Standards


Source: Field observation (2026).
Worker Hygiene
CV. X2 applied the strictest worker hygiene protocols. Upon entry to the production area, all workers were required to wear mask, gloves, hairnet, apron, and rubber boots. A mandatory protocol required foot immersion in a disinfectant foot-bath and handwashing before entering the processing room. Masks damp from the cold and humid environment were replaced immediately; any contact with non-food surfaces obligated glove replacement or resanitisation with an alcohol-based hand sanitizer (14).
CV. X4 demonstrated satisfactory worker hygiene. Workers consistently wore full PPE (mask, plastic gloves, hairnet, lab coat/apron) throughout tuna loin processing. Routine handwashing before and after processing was observed as a normalised practice. Worker clothing was clean and tidy. However, no written hygiene SOP was identified—an absence that may produce procedural inconsistencies during unsupervised shifts.
CV. X3 showed adequate but incomplete hygiene practices. Workers wore a white plastic apron, hairnet, mask, and gloves during production. A washbasin with liquid soap was available near the production entrance. Nonetheless, alcohol-based hand sanitizer was unavailable, and there was no written SOP specifying when and how workers should wash their hands before, during, and after work (15).
CV. X1 required the most substantial improvement in worker hygiene. Several workers involved in loading, unloading, and frozen fish distribution did not wear complete PPE—gloves, masks, and boots were inconsistently used. Handwashing facilities were extremely limited in the working area. Worker non-compliance with PPE requirements represents a major microbiological contamination risk, as workers are one of the primary vectors of food contamination in processing environments (16).

Table 3. Comparison of Worker Hygiene Indicators at Four FPUs in Gorontalo City
	Indicator
	CV. X1
	CV. X2
	CV. X3
	CV. X4

	Face mask use
	Inconsistent
	Mandatory; replaced when damp
	Used
	Consistently worn

	Gloves
	Inconsistent
	Mandatory
	Used
	Plastic gloves used

	Hairnet
	None
	Mandatory
	Used
	Used

	Apron & boots
	Inconsistent
	Mandatory
	Used
	Lab coat / apron used

	Handwashing facility
	Very limited
	Washbasin + foot-disinfection pool
	Washbasin + liquid soap
	Available

	Written hygiene SOP
	None
	Present and implemented
	None
	Not explicitly documented

	Overall Category
	Does Not Meet Standards
	Meets Standards
	Partially Meets Standards
	Partially Meets Standards


Source: Field observation (2026).
Production Process Sanitation and Temperature Management
CV. X2 implemented the most structured and hygienic production workflow: receipt → initial quality inspection (organoleptic assessment) → washing → cutting → packaging → freezing (3–4 days) → final packaging with food-grade plastic. Each stage was maintained under consistent hygienic conditions, preventing cross-contamination.
CV. X4's tuna loin processing followed a standardised sequence: receipt, initial washing, cleaving, filleting (boning knife), skin removal, weighing, vacuum sealing, and storage in insulated styrofoam boxes with crushed ice at 0–1°C depending on production volume. The application of vacuum packaging at CV. X4 offered an additional advantage in preventing freezer burn and lipid oxidation compared with simple plastic wrapping used elsewhere (17).
At CV. X3, raw materials were received via refrigerated transport (cool box) and immediately sorted by size and organoleptic quality. Although crushed ice was used to maintain temperature, the ice-to-fish ratio fell below the recommended 1:1 (w/w), resulting in suboptimal temperature maintenance approaching 0°C (18). No thermometers were present in each cold storage unit, precluding routine temperature monitoring—a requirement under SSOP for fresh fish establishments.
CV. X1 used refrigerated containers for storage and distribution, representing a positive cold chain measure. However, loading/unloading operations were performed carelessly, causing physical damage to frozen products and disrupting the protective ice glazing layer, thereby accelerating oxidation and quality degradation (2). Critically, products were packaged in plain plastic without any product identity label, contravening food safety traceability requirements and making recall management impossible (19).
DISCUSSION
This comparative study reveals a clear compliance hierarchy among the four FPUs. CV. X2 and CV. X4 demonstrated the highest overall sanitation and hygiene compliance, whereas CV. X3 exhibited intermediate compliance and CV. X1 showed the lowest adherence across nearly all evaluated domains.
A key finding is the strong association between market orientation, product specialisation, and sanitation compliance. Export-oriented establishments (CV. X2) and those specialising in value-added products with explicit national standards (CV. X4 and SNI 2696:2021) consistently achieved higher compliance. This aligns with Selomita et al. (20), who found that FPUs targeting export markets face external quality pressures that motivate internal hygiene investment. Conversely, establishments supplying local markets (CV. X3) tended to apply procedures less rigorously, while distribution-focused operations (CV. X1) lacked the internal regulatory frameworks that characterise processing establishments.
The contrasting worker hygiene findings between CV. X2 and CV. X1 illustrate the critical role of institutional protocols. At CV. X2, written SOPs, entry disinfection procedures, and real-time supervision produced consistently high worker hygiene. At CV. X1, the absence of formal protocols—combined with the physical nature of loading and distribution work—resulted in systematic PPE non-compliance. These findings are consistent with Paleiteian et al. (21), who identified that workers operating in physical labour environments often perceive PPE as unnecessary because they are accustomed to working without it.
The absence of chemical disinfection (chlorinated sanitizer) as a final equipment sanitation step at CV. X3 and CV. X1 is a particularly critical gap. Mechanical washing with detergent removes gross soiling but does not achieve the log reductions in microbial load required for food-contact surfaces; a validated disinfection step is therefore indispensable under SSOP. Similarly, the absence of routine temperature monitoring at CV. X3—despite using cold storage—represents a compliance failure, since temperature logs are mandatory evidence of cold chain integrity.
The vacuum packaging technology employed by CV. X4 confers a measurable quality advantage. Vacuum-sealed tuna loin has significantly lower rates of freezer burn, lipid oxidation, and ice crystal formation compared with products stored in open or loosely sealed packaging (17). This finding reinforces the value of SNI 2696:2021 compliance as both a regulatory and commercial incentive for FPUs. Conversely, the complete absence of product labelling at CV. X1 is not merely a regulatory lapse—it constitutes a direct impediment to traceability and prevents effective outbreak investigation should any foodborne illness be linked to the products (19).
Collectively, these findings suggest that targeted, differentiated interventions are required. For CV. X1, structural and systemic reform is needed, encompassing facility rehabilitation, mandatory PPE enforcement, SSOP development and implementation, and product labelling compliance. For CV. X3, formalisation of existing informal practices through documented SOPs, introduction of chemical sanitizers, equipment replacement, and cold storage instrumentation are the priority actions. For CV. X4, the primary gap is the formalisation of worker hygiene SOPs in written form. CV. X2 should focus on optimising waste management and water quality testing.
CONCLUSIONS
This study demonstrates that sanitation and hygiene compliance varies substantially among fish processing units in Gorontalo City, Indonesia, and that operational type and market orientation are significant predictors of compliance level. CV. X2 and CV. X4 met applicable food safety standards across most domains, reflecting the role of HACCP systems and product-specific SNI requirements in driving hygiene performance. CV. X3 partially met standards, with correctable deficiencies in equipment disinfection, written SOPs, and temperature monitoring. CV. X1 displayed the lowest compliance, with critical deficiencies in facility conditions, worker hygiene, equipment sanitation, and product traceability that require immediate systemic intervention. These findings provide an evidence base for targeted corrective action and highlight the need for routine, mandatory sanitation audits by the Gorontalo City Marine Affairs and Fisheries Office across all FPUs in the region.

Table 4. Summary Compliance Evaluation Across Six Sanitation Domains at Four FPUs in Gorontalo City
	Sanitation Component
	CV. X1
	CV. X2
	CV. X3
	CV. X4

	Building & Environment
	DNS
	MS
	PMS
	MS

	Equipment Sanitation
	DNS
	MS
	PMS
	MS

	Worker Hygiene
	DNS
	MS
	PMS
	PMS

	Production Process Sanitation
	DNS
	MS
	PMS
	MS

	Temperature / Cold Chain Management
	PMS
	MS
	PMS
	PMS

	Packaging & Traceability
	DNS
	MS
	PMS
	MS

	OVERALL COMPLIANCE
	Does Not Meet Standards
	Meets Standards
	Partially Meets Standards
	Meets Standards


MS = Meets Standards; PMS = Partially Meets Standards; DNS = Does Not Meet Standards. Reference standards: GMP, SSOP, SNI 01-4852-1998, SNI 2696:2021, Ministerial Decree KP No. 52A/2013.
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