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Abstract Foodborne diseases remain a major public
health concern in tourist destinations such as Gianyar, Bali,
where food hygiene and sanitation are critical for
community  health and economic  sustainability.
Community health centers (puskesmas) are mandated to
supervise food establishments, yet evidence on the
effectiveness of supervision remains limited. This study
assessed the relationship between puskesmas supervision
and hygiene compliance among food establishments in
Gianyar Regency. A cross-sectional study was conducted
from January to December 2024 across eight puskesmas. A
stratified random sample of 120 food establishments (15
per puskesmas) was assessed using a checklist based on
Ministry of Health Regulation No. 1096/2011. Supervision
practices were documented through interviews and record
reviews. Descriptive analysis and chi-square tests were
applied, followed by logistic regression. Only 39.2% of
establishments were fully compliant, while 35.0% showed
moderate and 25.8% poor compliance. Common
deficiencies included inadequate handwashing facilities,
improper food storage, and a lack of pest control.
Establishments receiving regular supervision (> 4
inspections/year) demonstrated significantly  higher

compliance than those with irregular supervision (51.0% vs.

22.5%, p < 0.01). Food handler knowledge and clean water

availability were also significant predictors. Regular
puskesmas supervision is strongly associated with
improved food hygiene compliance.

Keywords  Environmental Health, Food Hygiene,
Sanitation Compliance, Puskesmas, Gianyar

1. Introduction

Foodborne diseases remain a pressing global public
health challenge. The World Health Organization (WHO)
estimates that one in ten people worldwide fall ill each year
from contaminated food, leading to approximately 420,000
deaths, many of which occur in low- and middle-income
countries [1], [2]. The burden of foodborne illness
disproportionately affects vulnerable groups, such as
children under five years of age, and is compounded in
areas with limited infrastructure and regulatory
enforcement [3], [4]. In countries that rely heavily on
tourism, outbreaks of foodborne diseases can undermine
not only population health but also the economic stability
of communities dependent on visitor spending. Bali, as one
of Indonesia’s leading tourist destinations, exemplifies this
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dual risk of health and economic consequences from lapses
in food safety [5], [6].

In Indonesia, foodborne diseases contribute substantially
to the overall burden of communicable illnesses. National
surveillance reports highlight recurring outbreaks linked to
inadequate hygiene, poor sanitation, and a lack of

standardized food handling practices [7], [8], [9], [10], [11].

Regulatory frameworks, such as the Ministry of Health
Regulation No. 1096/2011 on Food Sanitation Hygiene,

outline requirements for safe food handling and preparation.

However, the extent of implementation and compliance
varies widely across regions. Challenges such as limited
inspection frequency, shortage of trained personnel, and
weak enforcement mechanisms often reduce the
effectiveness of these regulations [10], [11], [12].

Community health centers, or puskesmas, represent the
cornerstone of Indonesia’s primary health care system and
are mandated to conduct environmental health supervision,
including oversight of food establishments [13], [14]. Their
role extends beyond curative care to encompass preventive
and promotive services designed to protect communities
from environmental and foodborne hazards. In practice,
however, disparities in supervision practices exist between
urban and rural areas, as well as between better- and under-
resourced facilities. Variability in the number of
inspections and quality of monitoring can influence the
degree of compliance among food handlers, with direct
implications for food safety and public health.

The food service industry in Gianyar Regency ranges
from small-scale street vendors to larger restaurants
serving international tourists. While these establishments
are vital for local livelihoods and the regional economy,
they also present potential transmission points for
pathogens if hygiene standards are not maintained [15].
Studies across Indonesian provinces have revealed
persistent problems such as the absence of handwashing
stations, improper food storage, and poor pest control
measures [9], [10], [11], [14]. Addressing these gaps
requires sustained oversight from puskesmas, alongside
community education, capacity building, and infrastructure
investment. Given Gianyar’s status as a high-tourism
district, ensuring safe food practices carries both local and
international significance.

Academic—community  collaborations provide an
opportunity to strengthen the supervisory role of
puskesmas. At Warmadewa University, junior doctors are
assigned to puskesmas as part of their six-week
community-based medical education program, with
environmental health supervision as a key component. This
arrangement not only enhances the capacity of puskesmas
to conduct regular inspections but also immerses future
physicians in public health practice. Such partnerships
reflect broader strategies in medical education aimed at
aligning training with health system needs while
contributing tangible benefits to communities. However,
there is limited empirical evidence on the relationship

between the frequency of puskesmas supervision and
compliance with food hygiene standards in Bali. This study
addresses this gap by evaluating the supervision practices
of puskesmas in Gianyar, assessing food establishment
compliance, and identifying supporting factors. The
findings aim to inform policy and strengthen strategies for
sustainable food safety interventions in tourist areas.

2. Methods

This study employed a cross-sectional design to evaluate
food hygiene and sanitation compliance in food
establishments under the supervision of community health
centers (puskesmas) in Gianyar Regency, Bali. The study
was conducted over a one-year period, from January to
December 2024, and was integrated into the community
medicine component of the medical education program at
the Faculty of Medicine and Health Sciences, Warmadewa
University. The cross-sectional design was selected as it
provides a snapshot of practices and outcomes, allowing
assessment of associations between puskesmas supervision
and compliance levels.

The study population comprised food establishments
located within the service areas of eight puskesmas in
Gianyar. A stratified random sampling technique was used
to ensure proportional representation of establishments
across the different puskesmas. From each puskesmas, 15
establishments were selected, yielding a total of 120
establishments. Eligibility criteria included establishments
that had been in operation for at least one year and were
accessible to both local residents and tourists.
Establishments under temporary closure or renovation
during the data collection period were excluded to maintain
comparability of results.

Although an equal number of food establishments (15
units) was selected from each puskesmas, this approach
was intentionally applied to ensure balanced institutional
representation across all participating puskesmas service
areas. The sampling strategy aimed to facilitate
comparability of supervision practices among puskesmas
with differing workloads and resource capacities, rather
than to proportionally represent the total number of
establishments in each catchment area. This equal
allocation allowed each puskesmas to contribute uniformly
to the analysis of supervision frequency and compliance
outcomes.

Data collection was carried out by junior doctors placed
in puskesmas as part of their six-week community medicine
rotations. Each group of three junior doctors conducted
structured observations under supervision of faculty
members and local sanitarians. A standardized checklist,
adapted from the Ministry of Health Regulation No.
1096/2011 on Food Sanitation Hygiene, was used to
evaluate hygiene indicators, including handwashing
facilities, food storage, waste disposal, pest control, and
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preparation area cleanliness. In addition, semi-structured
interviews with food handlers were conducted to assess
knowledge and hygiene practices, consistent with
approaches in similar studies.

The assessment instrument consisted of two components.

The first was an observational checklist derived directly
from the Indonesian Ministry of Health Regulation No.
1096/2011, covering structural, environmental, and
behavioral sanitation indicators. The second component
assessed food handler knowledge through a validated
interview-based instrument focusing on hygiene principles,
food handling practices, and contamination prevention.
Both instruments were routinely used in environmental
health supervision activities at the puskesmas level,
ensuring regulatory alignment and contextual relevance.
Supervision practices of puskesmas were documented
through review of institutional records and interviews with
sanitarian officers. Supervision was classified into two
categories: regular (> 4 inspections per year) and irregular
(< 4 inspections per year). Additional contextual variables,
such as food handler knowledge, clean water availability,
and infrastructure conditions, were included as potential
determinants of compliance. These multiple data sources
enabled triangulation to increase the reliability of findings.
Compliance status was classified into three categories—
fully compliant, moderately compliant, and poor
compliance—based on the proportion of required

indicators met according to the national sanitation checklist.

Food handler knowledge was categorized as adequate or
inadequate based on predefined score thresholds from the
validated interview instrument. Clean water availability
and waste disposal functionality were determined using
regulatory criteria outlined in national environmental
health standards.

According to Indonesian public health regulations,
adequate clean water refers to water that meets physical,
chemical, and microbiological standards for food
preparation and handwashing, as stipulated by the Ministry
of Health. A functional waste disposal system is defined as
the availability of appropriate waste containers, regular
waste removal, and absence of environmental
contamination risks. These regulatory definitions guided
the assessment of infrastructure adequacy in this study.

All data were entered into a secure database and
analyzed using SPSS version 26.0 (IBM Corp., Armonk,
NY, USA). Descriptive statistics summarized
establishment characteristics and compliance levels.
Associations  between  supervision  frequency and
compliance categories were tested using chi-square
analyses. Logistic regression models were then applied to
identify independent factors associated with compliance,
expressed as odds ratios (OR) with 95% confidence
intervals (CI). A significance level of p < 0.05 was used for
all inferential tests, in accordance with standard
epidemiological research practices.
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3. Results

3.1. Characteristics of Food Establishments

A total of 120 food establishments were included in this
study, representing a diverse range of operational types and
settings across Gianyar Regency. The majority consisted of
small restaurants or warung (41.7%), followed by street
vendors (29.2%), and medium-to-large restaurants (29.2%).
This distribution reflects the mixed nature of the local food
service industry, which combines informal street-based
enterprises with more structured dining facilities catering
to both residents and tourists.

Across the study area, all sampled food establishments
operated as mixed-service outlets, offering both dine-in and
take-away services. These establishments served a mixed
clientele comprising local residents, domestic visitors, and
international tourists. This operational pattern reflects the
dominant food service model in Gianyar Regency and was
consistent across all puskesmas service areas, regardless of
establishment size or location.

In terms of operational duration, nearly half of the
establishments had been operating for more than five years
(41.7%), indicating stability and entrenched community
presence. Meanwhile, 40.0% had operated for two to five
years, and 18.3% were relatively new businesses with less
than two years of operation. This variation suggests both
continuity and growth within the sector, with newer
enterprises contributing to the dynamic food environment
of Gianyar.

Geographically, establishments were spread across
tourist-dense zones (37.5%), semi-urban centers (33.3%),
and rural/village areas (29.2%). Those in tourist areas
typically served domestic and international visitors, often
with higher visibility and stronger incentives to maintain
hygiene standards. Semi-urban establishments catered to a
mixed clientele of locals, workers, and students, while rural
establishments were predominantly family-run and served
local residents with more limited infrastructure and less
frequent oversight from health authorities.

The workforce size further highlighted the small-scale
nature of these businesses. Most establishments employed
between four and seven workers (45.8%), while 33.3%
were run by only one to three individuals. Larger
establishments with more than seven workers accounted
for just 20.9%, underscoring the predominance of micro-
and small-scale enterprises in the food service sector.

With respect to infrastructure, substantial gaps were
evident. Although 70.8% had access to adequate clean
water and 76.7% reported functional waste disposal
systems, only 56.7% had handwashing facilities with soap,
and just 33.3% maintained separate sinks for food
preparation and handwashing. These deficits point to
critical areas for intervention, particularly in light of the
established relationship between infrastructure availability
and compliance with hygiene standards.
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A detailed overview of establishment characteristics,
infrastructure availability, and environmental health
indicators is presented in Table 1, which summarizes the
distribution of compliance levels, supervision frequency,
food handler knowledge, and sanitation-related facilities
across the sampled locations.

3.2. Logistic Regression Results

The multivariate logistic regression analysis identified
three significant predictors of compliance with food
hygiene and sanitation standards (Table 2). Establishments
that received regular supervision (> 4 inspections per year)
were 3.5 times more likely to comply compared to those
with fewer inspections (AOR = 3.50; 95% CI: 1.50-8.20; p
= 0.004). Food handler knowledge also demonstrated a

strong association, with adequately informed handlers
increasing the likelihood of compliance by more than
twofold (AOR = 2.40; 95% ClI: 1.10-5.00; p = 0.027). In
addition, establishments with access to clean water were
over three times more likely to achieve compliance
compared to those lacking this resource (AOR = 3.40; 95%
Cl: 1.60-6.90; p = 0.002).

Conversely, the type of establishment (restaurant vs.
street vendor) and workforce size (> 3 workers vs. < 3)
were not significantly associated with compliance (p =
0.580 and p = 0.720, respectively). These findings suggest
that structural and behavioral determinants, particularly
supervision frequency, handler knowledge, and water
availability, play a more critical role in influencing
compliance than the type or size of the establishment.

Table 1. Characteristics and Environmental Health Indicators of Food Establishments (n = 120)
Category / Indicator Subcategory / Operational Definition Frequency (n) | Percentage (%)
Street vendors 35 29.2
Type of Establishment | Small restaurants/warung 50 41.7
Medium to large restaurants 35 29.2
<2 years 22 18.3
Operational Duration |2-5 years 48 40.0
> 5 years 50 41.7
Tourist-dense areas 45 37.5
Location Semi-urban areas 40 333
Rural/village areas 35 29.2
1-3 workers 40 333
Workforce Size 4-7 workers 55 45.8
> 7 workers 25 20.9
Adequate clean water supply 85 70.8
Infrastructure Handwashing facilities with soap 68 56.7
Availability Separate sinks for preparation and handwashing 40 333
Functional waste disposal system 92 76.7
Formal hygiene/sanitation training received 48 40.0
Food Handler Profile | Valid health certificate (past year) 60 50.0
No training or certificate 42 35.0
Fully compliant 47 39.2
g?;?ggizg(:m Moderately compliant 42 35.0
Poor compliance 31 25.8
Environmental Health | Routine supervision (> four/year): establishments inspected > four times
Indicators annually by puskesmas officers 70 583
Adequate food handler knowledge: sufficient hygiene & sanitation
understanding (interview-based) 65 42
Clean water access: reliable and adequate water for food prep & handwashing 85 70.8

Note. Data derived from a cross-sectional assessment of 120 food establishments across eight puskesmas in Gianyar Regency, Bali. Routine
supervision and food handler knowledge were significant predictors of compliance (OR = 3.5 and OR = 2.4, respectively), while clean water

availability showed the strongest association (OR = 3.4).
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Table 2. Logistic Regression Analysis of Factors Associated with Food Hygiene and Sanitation Compliance (n = 120)

Variable Adjusted OR 95% CI p-value
Supervision frequency (>4 vs <4/year) 3.50 1.50 - 8.20 0.004
Food handler knowledge (adequate vs poor) 2.40 1.10 -5.00 0.027
Availability of clean water (yes vs no) 3.40 1.60 — 6.90 0.002
Type of establishment (restaurant vs street vendor) 1.20 0.60 —2.40 0.580
Size of workforce (>3 workers vs <3) 1.10 0.50-2.30 0.720

Notes:
OR = Odds Ratio; CI = Confidence Interval.

Variables entered: supervision frequency, food handler knowledge, clean water availability, type of establishment, and workforce size.

Significant predictors were supervision frequency, food handler knowledge, and availability of clean water.

4. Discussion

The findings of this study demonstrate that less than half
of food establishments in Gianyar Regency meet
established sanitation standards. This proportion highlights
an urgent need for strengthening food hygiene practices in
areas where public health risks are compounded by high
tourist activity. Similar findings have been reported in
other Indonesian regions, where compliance with hygiene
regulations often remains below 50% [9], [10], [14]. These
data reflect systemic challenges in monitoring and
enforcing food safety regulations. Without consistent
oversight, deficiencies in infrastructure and practices
continue to pose risks of foodborne illness.

Overall, fewer than half of the assessed establishments
achieved full compliance with sanitation standards, while
the remainder demonstrated moderate or poor compliance.
Regular puskesmas supervision, adequate food handler
knowledge, and access to clean water consistently emerged
as the strongest determinants of compliance, highlighting
the combined influence of governance, education, and
infrastructure.

The role of puskesmas supervision emerged as a
significant determinant of compliance, underscoring the
importance of routine inspections. Establishments under
regular supervision were more than twice as likely to
achieve compliance compared to those under irregular
inspection schedules. This aligns with findings from
Badung, where frequent supervision by health authorities
was linked to better sanitation outcomes [12]. Supervision
not only enforces regulations but also provides
opportunities for education and corrective action. However,
resource limitations at puskesmas often hinder the ability to
conduct inspections consistently.

Environmental  health  supervision of  food
establishments is a formally mandated activity within the
puskesmas system and is implemented as part of routine
public health services. However, the frequency of
inspections varies in practice due to differences in staffing
levels, competing responsibilities, and logistical
constraints across puskesmas.

A critical insight from this study is the influence of food

handler knowledge on compliance. Establishments with
knowledgeable food handlers demonstrated significantly
higher adherence to hygiene practices, suggesting that
education is as important as regulation. Previous studies
emphasize that training food handlers improves hand
hygiene, waste management, and storage practices [8], [9],
[10], [11], [12]. However, knowledge alone may be
insufficient when infrastructure—such as clean water or
handwashing facilities—is lacking. Therefore,
interventions must simultaneously target both behavioral
and environmental determinants of food safety.

The availability of clean water was also identified as a
significant predictor of compliance, reinforcing the central
role of basic infrastructure in preventing foodborne disease.
This finding is consistent with global research
demonstrating that inadequate water and sanitation systems
amplify risks of contamination [1], [3], [16], [17], [18]. In
Bali, seasonal water scarcity and uneven distribution
further complicate the situation. Ensuring reliable access to
clean water for food establishments should therefore be a
priority in local public health planning. Addressing
infrastructure deficits would directly improve food safety
outcomes and indirectly support compliance with
regulations.

Integration of junior doctors into puskesmas supervision
activities represents a promising academic—community
partnership model. Through their six-week rotations, junior
doctors contributed to data collection and strengthened
supervision capacity while gaining practical experience in
preventive medicine. This approach reflects broader global
calls for competency-based education that aligns medical
training with health system needs. The dual benefit of
enhancing both workforce capacity and medical education
underscores the sustainability of this model. Expanding
such programs could provide a scalable solution for
improving food safety supervision across Indonesia.

Despite these promising findings, the study also revealed
persistent gaps in compliance, particularly among smaller
vendors. Street food vendors often operate with limited
resources and under informal regulatory frameworks,
making them especially vulnerable to lapses in hygiene.
This situation mirrors findings in other countries, where
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street food vendors face similar structural challenges [1],
[2], [3], [19]. Addressing these gaps requires tailored
interventions that combine education, subsidies, and
infrastructural support. Targeted policies for small-scale
vendors would help balance economic livelihoods with
public health protection.

Food hygiene risks in tourism-intensive settings must be
interpreted cautiously to avoid overstating hazards or
imposing disproportionate regulatory burdens on food
providers. In this study, risk was assessed through
compliance with established sanitation standards that are
widely accepted as preventive benchmarks. Ensuring food
safety therefore requires a balanced approach that protects
public health while remaining feasible for small-scale and
informal food businesses.

From a policy perspective, the findings highlight the
need for stronger enforcement mechanisms and clearer
accountability structures within the puskesmas. While
regulations exist, their effectiveness depends heavily on
consistent implementation. Previous evaluations of
Indonesia’s environmental health programs suggest that
limited budgets, competing priorities, and staff shortages
reduce the capacity for thorough inspections [13], [20],
[21]. Addressing these systemic issues requires investment
in health system strengthening. Allocating resources for
dedicated sanitarian officers and inspection programs
would improve consistency of supervision.

The results also have broader implications for
Indonesia’s tourism-dependent economy. Outbreaks of
foodborne disease can damage the reputation of Bali as a
safe tourist destination, resulting in economic losses that
extend beyond the health sector. International evidence
shows that food safety lapses in tourist areas can trigger
declines in visitor numbers and long-term reputational
damage [12], [14], [15], [22]. Therefore, investments in
food safety should be framed not only as a health priority
but also as an economic strategy. This dual perspective may
encourage stronger political will and multisectoral
collaboration.

Although foodborne disease outbreaks represent an
important outcome of food safety governance, reliable
outbreak surveillance data at the sub-district level were not
consistently available for the study period. As a result, this
study focused on compliance indicators that are
internationally recognized proxies for food safety risk
reduction. Future studies linking routine supervision data
with outbreak surveillance records would provide stronger
evidence of public health impact.

This study contributes to the limited body of empirical
evidence linking puskesmas supervision frequency to food
safety compliance. By combining observational data with
logistic regression analysis, the study highlights both
structural and behavioral factors influencing compliance.
These findings add to the global literature emphasizing the
importance of integrated approaches to food safety that
combine regulation, education, and infrastructure
development. However, the cross-sectional design restricts
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causal inference, and further longitudinal studies are
needed to establish temporal relationships. Future research
should also explore cost-effectiveness of supervision
models to inform policy.

4.1. Limitations

This study has several limitations. The cross-sectional
design limits causal inference between puskesmas
supervision and food hygiene compliance. Although food
handler knowledge was assessed through interviews using
a validated instrument, response bias may have occurred.
Data collection by supervised junior doctors may have
introduced observer variability despite standardized
training. Supervision was measured by inspection
frequency without assessing supervision quality or
enforcement rigor. Additionally, the possibility of a
Hawthorne effect cannot be excluded, as food handlers may
have temporarily improved practices during observed
inspections. This potential behavioral modification is
inherent to observational studies of hygiene practices and
should be considered when interpreting compliance levels.

5. Conclusions

This study highlights that less than half of food
establishments in Gianyar Regency comply with sanitation
standards, with deficiencies most often related to
handwashing facilities, food storage, and pest control.
Regular supervision by puskesmas was strongly associated
with higher compliance, underscoring the critical role of
consistent inspection and monitoring in food safety.
Supporting factors such as food handler knowledge and
clean water availability further influenced outcomes,
indicating that both behavioral and infrastructural elements
must be addressed. The integration of junior doctors into
puskesmas activities provided a valuable dual benefit,
enhancing health system capacity while enriching medical
education. Strengthening supervision systems, investing in
infrastructure, and expanding educational collaborations
are essential steps toward ensuring safer food environments
and protecting public health in Bali’s tourism-dependent
communities.
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