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Abstract

Food safety is an important issue in the school environment, especially by food handlers responsible
for providing lunches to students, who are vulnerable to foodborne diseases. This cross-sectional study
assessed the demographic characteristics of food handlers, including food safety-related knowledge
and behaviour, and their impact on Escherichia coli bacterial contamination on their hands. Data were
collected from 88 foodservice workers in 6 selected schools from a structured questionnaire and a
hand swab test. The results showed that 39.8% of the food handlers had good knowledge and 38.6%
implemented good food safety practices. These findings are significant, considering that 10.2% of food
handlers tested positive for Escherichia coli, which can be fatal to the health of vulnerable students.
Further statistical analyses identified a significant relationship between food handler behaviour and
Escherichia coli contamination (p = 0.031), although no significant relationship with knowledge level
was determined (p = 0.135). This study underscores the importance of food safety training for non-
certified food handlers in internal school catering services. These results also provide a knowledge
basis for policymakers and schools regarding taking immediate preventive measures to maintain the
health and safety of students.
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INTRODUCTION

Foodborne diseases are a global health
problem that has a significant impact.* According to
the World Health Organization, approximately 600
million cases of foodborne illnesses are reported
each year globally, indicating that 1 in 10 people
experience foodborne diseases.? In Indonesia,
food safety remains a critical public health
concern. According to the Indonesian Agency of
Drug and Food Control (BPOM), 2,442 cases of
food poisoning were reported in 2023 based on
national surveillance data.® These diseases are
caused by the consumption of food contaminated
with various microorganisms, including bacteria,
viruses, parasites, fungi, chemicals, natural toxins,
and physical hazards present in food.* This problem
of contamination is exacerbated in the non-
certified catering sector, where sanitation practices
and food safety standards are often ignored.®

Biological hazards, especially pathogenic
bacteria such as Escherichia coli (E. coli),
Salmonella, Campylobacter, and Listeria, are the
main cause of foodborne diseases.* E. coli is one
of the bacteria that is often found in contaminated
food, especially in uncertified or poorly supervised
catering services.® These bacteria can cause
serious illnesses such as vomiting, kidney damage,
and death in severe cases. This condition not only
affects individual health but also significantly
impacts public health and economic burdens,
particularly in developing countries where food
security is often inadequate. Food contamination
has become increasingly worrisome because many
catering services, including those in schools, have
not met adequate food safety standards, which can
potentially increase the burden on public health.
Students have a high level of dependence on food
provided by schools.® In addition, students are a
vulnerable group at risk of exposure to foodborne
illnesses owing to their immune systems that are
not fully developed.”

Food handlers in schools have an
important role in maintaining food safety.
However, poor knowledge and behaviour that do
not comply with hygiene standards will result in
the risk of bacterial contaminations, such as E. coli,
potential disease outbreaks among students.2 This
condition not only impacts the health of individuals

but also the overall school environment, which can
exacerbate the public health and economic burden
in developing countries such as Indonesia, where
food security systems are often suboptimal.

Previous research has mostly focused on
food handlers in more structured sectors such as
school canteens,® hospitals,'® and restaurants,!
where stricter food safety standards are applied.
However, research exploring the practice of food
handlers in uncertified internal school catering
services is very limited. Therefore, in-depth studies
that evaluate and improve the knowledge and
behaviour of food handlers in the sector, as well
as identify the factors that contribute to food
contamination are warranted.

This study aimed to fill the gap in
the research by evaluating the demographic
characteristics of non-certified school catering
food handlers, their knowledge level about
food safety, and the relationship between their
knowledge level and behaviour and the presence
of E. coli pathogenic bacteria on their hands. The
results of this study are expected to provide a basis
for the development of more effective training
programs and interventions to improve food safety
in schools.

MATERIALS AND METHODS

Study design

This cross-sectional study assessed the
demographic characteristics, knowledge, and
behaviour of food handlers related to food safety
when providing lunch to students. In addition, the
relationships between these factors and E. coli
contamination on the hands of food handlers was
evaluated.

Sample and population

This study was conducted in 6 schools
that had internal catering services without formal
certification in Semarang City, Indonesia. The
study population comprised all food handlers
who worked in the schools’ internal catering
services. From this population, 88 food handlers
were selected as research participants using the
purposive sampling technique. This participant
sample was considered representative of the food
handlers in the schools’ internal catering services.
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Data collection

Data were collected using a structured
guestionnaire and a swab test. Demographic
information (age, sex, education level, and work
experience), knowledge and behaviour of food
handling related to food safety were obtained from
the questionnaire. All the questions being closed
and it was compiled based on previous research'?
and adapted for the context of research on school
catering. Adjustments were made to ensure the
questions were relevant in the context of internal
catering services without formal certification.

Swab tests were performed on both
hands of the food handlers, and samples were
analysed in a microbiology laboratory using Endo
agar and eosin methylene blue agar (EMBA)
media to detect E. coli. After initial identification,
samples suspected to be positive for E. coli were
further confirmed with (Indole, Methyl red,
Voges-Proskauer, Citrate) IMViC tests to confirm
the presence of the bacteria. The independent
variables were the knowledge level and behaviour
of the food handlers. The dependent variable was
the presence of E. coli bacteria.

Data analyses

The collected data were analysed
using IBM SPSS statistical software version 20. A
univariate analysis was performed to determine
the demographic characteristics of food handlers.
Frequency and percentage (%) were used as
categorical variables. A bivariate analysis using
the chi-square test was performed to identify
the relationships between the independent and
dependent variables. The presence of E. coli from
the hand swab was identified with a positive/
negative value and a percentage of the total
number of food handlers.

Ethical considerations

This study was approved by the Research
Ethics Committee (number: 578/EA/KEPK-
FKM/2023). The participants were provided
with complete information about the research
objectives and their rights as research participants.
Participation in this study was voluntary, and all
collected data were kept confidential.

RESULTS

The majority of the food handlers were
older than 40 years (72.7%; 64 respondents),
whereas 27.3% (24 respondents) were younger
than 40 years. As many as 75% (66 respondents)
of the food handlers were women and 25%
(22 respondents) were men. A total of 25% (22
respondents) had a bachelor’s degree, 46.6%
(41 respondents) completed high school, 14.8%
(13 respondents) completed junior high school,
and 13.6% (12 respondents) graduated from
elementary school.

The majority of food handlers had
more than 4 years of work experience in food
processing (59.1%; 52 respondents), whereas
40.9% (36 respondents) had less than 4 years of
work experience. However, regarding experience
in food safety training, 75% (66 respondents) had
never participated in training and only 25% (22
respondents) had participated in training. The
majority of food handlers (60.2%, 53 respondents)
had inadequate food safety knowledge, including
important aspects such as hand hygiene and
cross-contamination prevention; only 39.8% (35
respondents) had good knowledge.

The behaviour of food handlers in
applying food safety principles varied. Only
38.6% (34 respondents) demonstrated good
behaviour; the majority (61.4%; 54 respondents)
demonstrated inadequate behaviour in daily
practice. These data indicate a gap between
knowledge and application, suggesting many
food handlers do not consistently implement food
safety standards in their daily work.

The microbiological test results from
88 hand swab samples of the food handlers
determined 16 samples had suspected E. coli
(+) colonies because the colonies were a golden
yellow colour on Endo agar medium and a metallic
green colour on EMBA media.

The colonies suspected positive for E.
coli were checked for grams, and 13 preparations
showed the presence of gram-negative bacteria
in the form of rods (bacilli) suspected of E. coli
bacteria. E. coli was confirmed by conducting an
IMViC test, which yielded 9 positive E. coli samples.
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Thus, the results of microbiological tests
from 88 samples from the food handler swabs
showed that 9 samples were positive for E. coli,
whereas the 79 other samples were negative
for E. coli. The percentage of samples positive
for Escherichia coli was 10.2%, whereas the
percentage of samples negative of E. coli was
89.9% (Table 1).

The metallic green colony that grows on
the EMBA medium can be assumed to be E. coli
(Figure 1). The bacteria form metallic colonies
due to the reaction between the bacteria and

Table 1. Frequency distribution of the demographic
data, knowledge levels, behaviour, and contamination
of Escherichia coli bacteria from food handlers

Characteristic Frequency Percentage
1. Age

<40 years 24 27.3%
>40 years 64 72.7%
Total 88 100%
2. Sex

Males 22 25%
Females 66 75%
Total 88 100%
3. Education

Primary school 12 13.6%
Junior High School 13 14.8%
High School 41 46.6%
Bachelor’s degree 22 25%
Total 88 100%
4. Long Term Employees

<4 years 36 40.9%
>4 years 52 59.1%
Total 88 100%
5. Training Experience

Never Trained 66 75%
Trained 22 25%
Total 88 100%
6. Knowledge of Food Handling

Bad 53 60.2%
Good 35 39.8%
Total 88 100%
7. Handler Behaviour

Good 34 38.6%
Bad 54 61.4%
Total 88 100%
8. Escherichia coli bacterial contamination
Positive 9 10.2%
Negative 79 89.8%
Total 88 100%

methylene blue dye. Colonies suspected of E. coli
were confirmed using the (IMViC) test (Figure 2).
The isolation and identification test results using
the test conducted with the 88 hand swab samples
determined 9 samples were positive for E. coli,
whereas the other 79 samples were negative for
E. coli. The percentage of E. coli-positive samples
was 10.2% and the percentage of negative samples
of E. coli was 89.9% (Table 2).

The bivariate analysis showed no
significant relationship between the level of
knowledge level of the food handlers and the
presence of E. coli on their hands (p = 0.135).
Of the 9 food handlers with detected E. coli, the
majority (8 handlers, 15.1%) had poor knowledge,
whereas only 1 handler with good knowledge
detected E. coli (2.9%).

Based on the knowledge levels (Table
1), of the 88 food handlers, 60.2% (53) had poor
knowledge and 39.8% (35) had good knowledge.
Thus, although the proportion of handlers with
poor knowledge was higher overall, the number
of handlers contaminated with E. coliin this group
was also larger (15.1%) than that in the good
knowledge group (2.9%). These findings indicated
that handlers with poor knowledge tended to be
more susceptible to E. coli contamination.

The bivariate analysis revealed a
significant relationship between the food handlers’

Figure 1. Alleged Escherichia coli (+) colony in the Endo
media
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behaviour and the presence of E. coli on their
hands (p =0.031). Of the food handlers who tested
positive for E. coli, all (100%) came from the groups
with poor behaviour. In contrast, none of those
in the good behaviour group tested positive for
E. coli.

Regarding behaviour, 61.4% of the food
handlers (54) exhibited bad behaviour, whereas
38.6% (34) exhibited good behaviour. These results
suggest that food handlers with poor behaviour
have a much higher risk of being contaminated
with E. coli than those with better behaviour.
This significant association indicated that good
food safety practices can effectively reduce
contamination risk.

Figure 2. Escherichia coli-positive biochemical sequence
test results from samples suspected to be Escherichia
coli positive at the IMViC examination

Table 2. Bivariate Analysis

DISCUSSION

Food safety in schools, especially
practiced by catering services that provide lunches
for students, is a very important issue, considering
that students are vulnerable to foodborne
diseases.'®* Food handlers prepare and serve food,
which significantly affect food safety.'®* This study
revealed an imbalance between knowledge and
behaviour of food handlers in applying food safety
principles, which can potentially increase the risk
of E. coli bacteria contamination.

The majority of food handlers included in
this study were women (75%), older than 40 years
(72.7%) and had completed high school education
(46.6%). These demographic factors are relevant to
previous research results, which suggest women
are often more involved in food management in
school and household settings, although their
knowledge is often limited to basic food safety
practices.™ Junior high or elementary school
graduates, lower education levels, can be a factor
that affects motivation to implement adequate
food safety standards.’*** Previous findings also
show that the higher the level of education in
food handlers, the more likely they are to carry
out hygienic food handling practices.?’

The majority of food handlers had
more than 4 years of work experience. However,
75% had never attended formal food safety
training programmes. This reflected the gaps
in knowledge and practice caused by a lack of
ongoing training programs. Previous studies have

Variable Escherichia coli Total PR (95% ClI) P-value
Contamination
Positive Negative N %

N % N % %
Knowledge Level of Handlers
Bad 8 15.1 45 84.9 52 100 - P =0.135
Good 1 2.9 34 97.1 35 100
Total 9 10.2 79 89.8 88 100
Handler Behaviour
Bad 9 0 45 100 33 100 1.200CI P =0.031
Good 0 0 34 100 46 100 (1,065-1,352)
Total 9 10.2 79 89.8 88 100

*Chi-square test
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shown that structured and routine training can
improve knowledge and application of food safety
practices.161819

The study found that 39.8% of handlers
had good food safety knowledge and 38.6% had
good behaviour in daily practice. This gap indicates
that good knowledge alone cannot ensure
consistent application of food safety practices.
The low proportion of well-behaved food handlers
reinforces the finding that more than knowledge
enhancement is needed, and more comprehensive
interventions should include ongoing training and
effective monitoring to ensure that knowledge is
applied in real-life settings.?

Furthermore, the results of microbiology
tests showed that 10.2% of the food handlers
tested positive for E. coli on their hands. The
existence of E. coli is closely associated with
inadequate hand hygiene practices. This finding is
quite concerning, considering that E. coliis a main
indicator of faecal contamination that can cause
foodborne diseases, especially among vulnerable
students.?! The presence of E. coli on the hands
of food handlers has been linked to poor hygiene
practices, indicating the need for more attention
to personal hygiene training and supervision in
school catering environments.?%?3

This study showed a significant association
between poor behaviour and E. coli contamination
(p = 0.031). All contaminated handlers came
from groups that displayed poor behaviour in
food safety practices. These results align with
those of other studies that state inadequate
behaviour is a major risk factor for microbiological
contamination.?

Nevertheless, no significant association
was found between the knowledge of food
handlers and the presence of E. coli on their
hands (p = 0.135). Although most handlers with
poor knowledge were at a risk of contamination,
these results were not significant enough to
confirm a strong relationship. These results are
consistent with previous findings, suggesting
that good knowledge of food safety can reduce
contamination risk. However, although the
knowledge of food handlers is important, the
results of this study did not show a significant
relationship. This may have been due to a lack of
proper practice implementation, even though food
handlers have sufficient knowledge, as revealed in

a previous study.’ These findings emphasize that
in addition to increasing knowledge, behavioural
change through training focused on good food
safety practices is essential to reduce the risk of
contamination.51>25-7

Overall, the findings of this study
highlighted that increased knowledge alone was
insufficient to ensure optimal food safety. The
importance of continuous training and strict
supervision to reduce food contamination risk
in schools has become clear. In addition, school
policymakers and administrators should prioritise
certification and training of food handlers in
internal school catering services to ensure student
health and safety. Since students are a vulnerable
group, these steps are crucial for reducing food
contamination risk, which can be fatal. 2

CONCLUSIONS

This study found that the behaviour
of food handlers was significantly related to
E. coli contamination. Although knowledge
is important, these results indicate that the
risk of contamination remains high without
implementing good practices. The knowledge
and behaviour of food handlers play an important
role in preventing E. coli contamination in internal
school catering services. Improving food safety
in schools requires interventions that focus on
improving the knowledge and behaviour of food
handlers through comprehensive and sustainable
training programs.

Ongoing training programs should be
designed to address the gap between knowledge
and behaviour. In addition, regular monitoring
and evaluation should be implemented to ensure
compliance with food safety standards. School
policymakers and administrators must prioritise
the certification and training of internal school
catering staff to ensure student health and safety.

ACKNOWLEDGMENTS

The authors express their sincere
gratitude to all respondents who participated and
contributed to this study.

CONFLICT OF INTEREST
The authors declare that there is no
conflict of interest.

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Pertiwi et al | J Pure Appl Microbiol. 2025;19(2):1350-1357. https://doi.org/10.22207/JPAM.19.2.38

AUTHORS' CONTRIBUTION

All authors listed have made a substantial,
direct and intellectual contribution to the work,
and approved it for publication.

FUNDING

This study was funded by the Dissertation
Research Grant (Dana Bantuan Penelitian Disertasi)
under the Indonesian Education Scholarship
(Beasiswa Pendidikan Indonesia/BPl), Ministry
of Education, Indonesia, with Project Code
FR202401000143.

DATA AVAILABILITY
All datasets generated or analyzed during
this study are included in the manuscript.

ETHICS STATEMENT

This study was approved by the Health
Research Ethics Committee of the Faculty of
Public Health, Diponegoro University, Indonesia
(Approval No. 578/EA/KEPK-FKM/2023).

INFORMED CONSENT
Written informed consent was obtained
from the participants before enrolling in the study.

REFERENCES

1. Sharif MK, Javed K, Nasir A. Foodborne lliness: Threats
and Control. Foodborne Diseases. 2018:501-523. doi:
10.1016/B978-0-12-811444-5.00015-4

2. World Health Organization. Food Safety. 2022. https://
www.who.int/news-room/fact-sheets/detail/food-
safety. Accessed on July 5, 2024

3. Indonesian Agency of Drug and Food Control.Data
Analysis of Drug and Food Poisoning Cases in 2024.
Jakarta: BPOM;2024. Available at: https://pusakom.
pom.go.id/riset-kajian/detail/analisis-data-kasus-
keracunan-obat-dan-makanan-tahun-2024. Accessed
March 11, 2025.

4. Novziransyah N, Akbar S, Dania IA, Veronica S, Devy S,
Pratama MY. Differences in Sanitary Hygiene Behavior
and Bacterial Identification in Minimizing Pathogenic
Bacteria in Food Handlers. Indones Food Sci Technol
J. 2024;7(2):188-192. doi: 10.22437/ifstj.v7i2.32124

5. Damayanti FN, Wahyati E. Food Safety in the
Protection of the Right to Health. IOP Conf Ser Earth
Environ Sci. 2019;292(1):012047. doi: 10.1088/1755-
1315/292/1/012047

6. Herawati C, Endayani H, Indragiri S, et al. Sanitary
Hygiene and Behavior of Food Handlers in the Presence
of Escherichia coli Bacteria. J Pure Appl Microbiol.
2023;17(4):2098-2103. doi: 10.22207/JPAM.17.4.05

7. Obande D, Young |, Gao JL, Pearl DL, Papadopoulos

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

A. Systematic review and meta-regression of food
safety knowledge and behaviour of primary food
preparers for young children in the home setting.
Food Control. 2023;145:109455. doi: 10.1016/j.
foodcont.2022.109455

Chelule PK, Ranwedzi M. Volunteer Food Handlers’
Safety Knowledge and Practices in Implementing
National School Nutrition Programme in Gauteng
North District, South Africa. Safety. 2022;8(4):67. doi:
10.3390/safety8040067

Suryani D, Sutomo AH, Aman AT. The Factors Associated
with Food Safety Practices on Food Handlers in Primary
School Canteens. Unnes J Public Heal. 2019;8(1):1-9.
doi: 10.15294/ujph.v8i1.22830

Teffo LA, Tabit FT. An assessment of the food safety
knowledge and attitudes of food handlers in hospitals.
BMC Public Health. 2020;20(1):1-12. doi: 10.1186/
$12889-020-8430-5

Taha S, Osaili TM, Vij A, Albloush A, Nassoura A.
Structural modelling of relationships between food
safety knowledge, attitude, commitment and behavior
of food handlers in restaurants in Jebel Ali Free Zone,
Dubai, UAE. Food Control. 2020;118:107431. doi:
10.1016/j.foodcont.2020.107431

Suryani D, Sutomo AH, Aman AT. Factors Associated
with Food Safety Practices on Food Handlers in Primary
School Canteens. Unnes J Public Heal. 2019;8(1):1-9.
doi: 10.15294/ujph.v8i1.22830

Eley C, Lundgren PT, Kasza G, et al. Teaching young
consumers in Europe: a multicentre qualitative needs
assessment with educators on food hygiene and food
safety. Perspect Public Health. 2022;142(3):175-183.
doi: 10.1177/1757913920972739

Rifat MA, Talukdar IH, Lamichhane N, Atarodi V, Alam
SS. Food safety knowledge and practices among
food handlers in Bangladesh: A systematic review.
Food Control. 2022;142:109262. doi: 10.1016/j.
foodcont.2022.109262

da Vitoria AG, de Souza Couto Oliveira J, de Almeida
Pereira LC, de Faria CP, de Sao Jose JFB. Food safety
knowledge, attitudes and practices of food handlers:
A cross-sectional study in school kitchens in Espirito
Santo, Brazil. BMC Public Health. 2021;21(1):1-10. doi:
10.1186/s12889-021-10282-1

Kim SH. A Comparative Study on the Food Hygiene
Attitude and Personal Hygiene Management of High
School Students according to Gender. J Korea Acad.
2019;20(4):207-213. doi: 10.5762/kais.2019.20.4.207
Negassa B, AshuroZ, Soboksa NE. Hygienic Food Handling
Practices and Associated Factors Among Food Handlers
in Ethiopia: A Systematic Review and Meta-Analysis.
Environ Health Insights. 2022;16:11786302221105320.
doi: 10.1177/11786302221105320

da Cunha DT, de Rosso VV, Pereira MB, Stedefeldt E.
The differences between observed and self-reported
food safety practices: A study with food handlers
using structural equation modeling. Food Res Int.
2019;125:108637.doi: 10.1016/j.foodres.2019.108637
Young |, Waddell LA, Wilhelm BJ, Greig J. A systematic
review and meta-regression of single group, pre-
post studies evaluating food safety education and
training interventions for food handlers. Food Res Int.

Journal of Pure and Applied Microbiology

1356

www.microbiologyjournal.org



Pertiwi et al | J Pure Appl Microbiol. 2025;19(2):1350-1357. https://doi.org/10.22207/JPAM.19.2.38

20.

21.

22.

23.

24.

2020;128:108711. doi: 10.1016/j.foodres.2019.108711
Castro M, Soares K, Ribeiro C, Esteves A. Evaluation
of the Effects of Food Safety Training on the
Microbiological Load Present in Equipment, Surfaces,
Utensils, and Food Manipulator’s Hands in Restaurants.
Microorganisms. 2024;12(4):825. doi: 10.3390/
microorganisms12040825

Amegah KE, Addo HO, Ashinyo ME, et al. Determinants
of Hand Hygiene Practice at Critical Times among Food
Handlers in Educational Institutions of the Sagnarigu
Municipality of Ghana: A Cross-Sectional Study.
Environ Health Insights. 2020;14:1178630220960418.
doi: 10.1177/1178630220960418

Alves A, Viveiros C, Lopes J, et al. Microbiological
contamination in different food service units associated
with food handling. App/ Sci. 2021;11(16):7241. doi:
10.3390/app11167241

Aycicek H, Aydocan H, Kucukkaraaslan A, Baysallar
M, Basustaoclu AC. Assessment of the bacterial
contamination on hands of hospital food handlers.
Food Control. 2004;15(4):253-259. doi: 10.1016/
S0956-7135(03)00064-1

Salvador RQ, Borromeo CMT, Alnas GC, et al. Safe
plates in the school space: Investigating compliance

25.

26.

27.

28.

of food safety standards among school-based food
service providers. Food Humanit. 2024;2:100283. doi:
10.1016/j.foohum.2024.100283

Young |, Greig J, Wilhelm BJ, Waddell LA. Effectiveness
of food handler training and education interventions:
A systematic review and meta-analysis. J Food Prot.
2019;82(10):1714-1728. doi: 10.4315/0362-028X.
JFP-19-108

Cui B, Li SY, Wang LDL, Chen X, Ke J, Tian Y. Hand hygiene
knowledge and self-reported hand washing behaviors
among restaurant kitchen chefs in Jiangsu Province,
China. Int J Environ Res Public Health. 2021;18(4):1-14.
doi: 10.3390/ijerph18042149

Limon MR. Food safety practices of food handlers
at home engaged in online food businesses during
COVID-19 pandemic in the Philippines. Curr Res Food
Sci. 2021;4:63-73. doi: 10.1016/j.crfs.2021.01.001
Ahmed MH, Akbar A, Sadiq MB. Cross sectional study
on food safety knowledge, attitudes, and practices
of food handlers in Lahore district, Pakistan. Heliyon.
2021;7(11):e08420. doi: 10.1016/j.heliyon.2021.
e08420

Journal of Pure and Applied Microbiology

1357

www.microbiologyjournal.org



