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Cutting boards used for ready-to-eat (RTE) foods in most restaurants are often 

contaminated with bacteria, leading to foodborne illnesses. The present work aimed to 

detect the contamination of aerobic bacteria, coliform, Escherichia coli, Salmonella spp., 

and Staphylococcus aureus on cutting boards, and to evaluate the levels of cleanliness of 

long-hours restaurants around Klang Valley, Malaysia. The examination of bacterial 

contamination was conducted by swabbing cutting boards from 33 restaurants. The 

findings showed that the numbers of aerobic bacteria were within the range of 3.95 to 7.07 

log10 CFU/cm2, namely coliform (< 1.00 to 5.58 log10 CFU/cm2), E. coli (< 1.00 log10 

CFU/cm2), S. aureus (< 1.00 to 2.90 log10 CFU/cm2), and Salmonella spp. They were 

detected from 12% (n = 4/33) of cutting boards. At the same time, the levels of restaurants’ 

cleanliness were A at 3% (n = 1/33), and both B and C at 48.5% (n = 16/33). There was 

no significant (p > 0.05) association between the contamination of coliform (χ2 = 1.096), 

Salmonella spp. (χ2 = 0.004), and S. aureus (χ2 = 0.437) with the levels of restaurants’ 

cleanliness. Therefore, the present work concluded that the contamination of bacteria on 

the cutting boards was not affected by the levels of cleanliness based on swabbing food 

contact surfaces to evaluate the microbial status. 
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Introduction 

 

It is generally estimated that more than one-

third of the world's population has been affected by 

foodborne diseases (Mohammed et al., 2020). 

Uyttendaele et al. (2015) showed that low- and 

middle-income countries have higher tendency to 

experience foodborne diseases due to high intake of 

unsafe foods, especially fresh products, fish products, 

and livestock. The incidence of foodborne diseases is 

often associated with dirty premises, contaminated 

food equipment or contact surfaces, and unsanitary 

food handling practices. These practices often lead to 

cross-contamination and other risky conditions.  

Cutting board is one of the common food 

contact surfaces used in food premises for food 

handling. Examples of cutting board materials are 

wood, plastic, glass, and stainless steel. Generally, 

microorganisms can stick or accumulate on the 

cutting board. They can remain or form biofilm even 

after cleaning and disinfection activities. This poses a 

risk to consumers if microorganisms from the cutting 

boards are transferred to ready-to-eat (RTE) foods, 

though they have undergone heating process 

(Takooree et al., 2019). Siti Shahara et al. (2018) 

explained that the cleanliness of the food contact 

surfaces, including cutting boards, can be used as an 

indicator of the cleanliness of the food premises. The 

presence of bacteria on food contact surfaces may 

increase the risk of foodborne diseases through cross-

contamination. A study conducted at a public 

university in Malaysia has shown that cutting boards 

were identified as the most contaminated food contact 

surfaces with bacteria compared to other utensils (Siti 

Shahara et al., 2018). 

Apart from cutting boards or other utensils that 

come in direct contact with foods, the cleanliness of 

food premises is also crucial to avoid foodborne 

infectious diseases. According to Lynch et al. (2003) 

and Knight et al. (2007), restaurants are among the 

food premises identified as the cause of foodborne 

disease outbreaks. Therefore, an inspection of 

restaurants is vital to ensure that the premises are 

always in a clean condition (Mohd Rejab et al., 2015) 
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and safe for consumers (Medu et al., 2016). In 

Malaysia, there are food premises that operate until 

late at night, even continuously, 24 hours a day, to 

meet the needs of consumers in the city. Hassan et al. 

(2015) suggested that more extensive research should 

be conducted on food premises regarding the level of 

grading as it can have a positive impact on the 

community, especially in raising awareness, and this 

will indirectly reduce the number of cases of 

foodborne infection.  

Therefore, the purpose of the present work was 

to detect the contamination status of aerobic bacteria, 

coliform, Escherichia coli, Salmonella spp., and 

Staphylococcus aureus on cutting boards, and 

evaluate the levels of cleanliness of long-hour 

restaurants around Klang Valley, Malaysia. The 

present work also determined the association between 

the levels of bacterial contamination on cutting 

boards and the cleanliness of long-hour restaurants 

assessed. 

 

Materials and methods 

 

Study design  

The cross-sectional study design was carried 

out in eight months, from May to December 2022. 

This study involved 33 (n = 33) restaurants and 117 

foreign food handlers located around Klang Valley. 

Among the food handlers, 83 were Indians 

originating from India, 12 were Indonesians, ten were 

Bangladeshis, nine were Burmese, and three were 

from other countries. The sampling method was 

quantitative, which included applying surface swabs 

on cutting boards using a 3MTM Environmental Scrub 

Sampler (ESS). The cutting boards chosen were 

collected from ready-to-eat (RTE) food areas from 

each restaurant. Simultaneously, the inspection of 

restaurants was selected for restaurants which 

operated for more than 18 hours. The inspection was 

conducted by filling out the Food Premise Inspection 

Form (JKT/KS/1) based on the Guidelines on Food 

Premises Grading System in the Local Authority Area 

issued by the Ministry of Housing and Local 

Government (KPKT, 2014). The restaurants selected 

were registered in the local authority database, except 

for fast food restaurants.  

 

Microbial sampling techniques 

Cutting board surfaces were swabbed using 

3MTM ESS containing 10 mL of 3MTM Wide 

Spectrum Neutralizer, following the manufacturer’s 

instruction. Swabbing was done by pressing the ESS 

down, and the stick was flexed, ensuring full contact. 

The organic matter present was disrupted by the 

vigorous scouring in a zigzag motion across the entire 

cutting board surface. The sample area was 

approximately 10 × 10 cm. The swabbing procedure 

was repeated by turning over the device to the other 

side, and the sampling direction changed to 90° (3M, 

U.S.A). The swabs were then placed and fastened into 

a sample bag, and placed into an ice box with a 

temperature range between 0 and 4°C. Samples were 

transported from restaurants to the laboratory, and 

analysed within 24 h. 

Samples were diluted from 10-1 to 10-5 using 

buffer peptone water (Merck, U. S. A), and then 

vortexed (Velp Scientifica, Italy). Then, 1 mL of 

samples from each dilution was inoculated onto the 

3MTM Petrifilm for Aerobic Count Plate (AC), 

Escherichia coli/Coliform Count Plate (ECC), 

Salmonella Express Plate (SALX), and Staph Express 

Count Plate (STX) (3M, USA). The AOAC official 

method was used for incubation: aerobic bacteria 

(method 990.12), E. coli and coliform (method 

991.14), Salmonella spp. (method 2014.01), and S. 

aureus (method 2003.07); colony counts were 

reported as log CFU/cm2. The presence of colonies 

was classified into two categories: “satisfactory” for 

< 1.30 log10 CFU/cm2 (aerobic), < 1.00 log10 

CFU/cm2 (coliform, E. coli, and S. aureus); and 

“unsatisfactory” for ≥ 1.30 log10 CFU/cm2 (aerobic), 

≥ 1.00 log10 CFU/cm2 (coliform, E. coli, and S. 

aureus); based on Sneed et al. (2004) and Marzano 

and Balzaretti (2011). For Salmonella spp., it would 

be presented as “detected” or “not detected”. 

 

Restaurant inspection 

The inspection determined the levels of 

cleanliness and grades as A, B, and C. The inspection 

form (JKT/KS/1) consisted of seven main 

components comprising 31 items for evaluation. The 

main components of the inspection are the food 

preparation areas, food serving areas, food handlers, 

water supply system, sanitation system, structure and 

maintenance of premises, and other related important 

components. Grading was determined based on the 

inspection score. Grade A (86 - 100%) was rated as 

“very clean”, grade B (71 - 85%) was rated as “clean”, 

grade C (51 - 70%) was rated as “less clean”, and 

ungraded rate was given for a score below 51%. The 

reassessment of the ungraded premises must be 

carried out within 14 days. As for statistical analysis 
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purpose, the classification of cleanliness level was 

then divided into the “clean” category for marks more 

than 70%, while the scores 70% and below were 

classified as “less clean”. 

 

Data analysis  

The microbial analysis and restaurant 

inspection data collected were entered into a 

specifically designed database (Excel 2010, 

Microsoft) for analysis. Further studies were 

conducted using IBM SPSS statistical software 

version 20 (IBM Corp, Armonk, New York) to 

determine the significant association between the 

levels of bacterial contamination and the levels of 

cleanliness of restaurants. The Fisher's Exact test was 

chosen, and a p-value of < 0.05 was considered to be 

statistically significant. Meanwhile, the descriptive 

results were presented in mean, standard deviation, 

and percentages.  

 

Ethical approval  

Approval for the study was granted by the 

Secretariat Committee of Medical Research and 

Innovation of Hospital Canselor Tuanku Mukhriz, 

National University of Malaysia Medical Centre 

(Project Reference UKM/PPI/111/8/JEP-2019-737) 

and National Medical Research Register, Ministry of 

Health Malaysia (Research ID-22-00393-8MF). 

 

Results 

 

Microbial analysis of cutting boards  

The analysis found that the number of bacterial 

colonies on cutting boards were aerobic bacteria 

within a range of 3.95 to 7.07 log10 CFU/cm2, namely 

coliform (< 1.00 to 5.58 log10 CFU/cm2), E. coli (< 

1.00 log10 CFU/cm2), S. aureus (< 1.00 to 2.90 log10 

CFU/cm2), and Salmonella spp. were detected in 12% 

(n = 4/33) of cutting boards. In terms of classification, 

E. coli was classified as “satisfactory”, which 

recorded 0% (n = 0/33), as well as S. aureus with 9% 

(n = 3/33) of cutting board. Meanwhile, aerobic and 

coliform were classified as “unsatisfactory” with 

values of 100% (n = 33/33) and 97% (n = 32/33), 

respectively. As for Salmonella spp., the evaluation 

was presented as “detected” or “not detected” (Table 

1). 

 

Table 1. Microbial loads (CFU/cm2) of indicator microorganisms. 

Indicator  

microorganism 
Status 

Number of  

cutting board 

Percentage 

(%) 

Mina 

(log10 CFU/cm2) 

Maxa 

(log10 CFU/cm2) 

Aerobic Countb 
Unsatisfactory 33 100 3.95 7.07 

Satisfactory 0 0 0.00 0.00 

Coliform Countc 
Unsatisfactory 32 97 1.00 5.58 

Satisfactory 1 3 < 1.00 < 1.00 

E. coli Countd 
Unsatisfactory 0 0 0.00 0.00 

Satisfactory 33 100 < 1.00 < 1.00 

S. aureus Counte 
Unsatisfactory 3 9 1.48 2.90 

Satisfactory 30 91 < 1.00 < 1.00 

Salmonella spp. 
Detected 4 12 NA NA 

Not detected 29 88 NA NA 
aMinimum and maximum CFU/cm2; bAerobic Count threshold is based on Sneed et al. (2004) and Marzano 

dan Balzaretti (2011) which is ≥ 1.30 log10 CFU/cm2; cColiform Count threshold is based on Sneed et al. 

(2004) and Marzano dan Balzaretti (2011) which is ≥ 1.00 log10 CFU/cm2; d E. coli Count threshold is based 

on Sneed et al. (2004) and Marzano dan Balzaretti (2011) which is ≥ 1.00 log10 CFU/cm2; eS. aureus Count 

threshold is based on Sneed et al. (2004) and Marzano dan Balzaretti (2011) which is ≥ 1.00 log10 CFU/cm2; 

and NA: not applicable; total number of cutting boards: 33. 

 

Restaurants’ cleanliness  

The results of the cleanliness levels of 

restaurants showed that only 3% (n = 1/33) of 

premises obtained grade A, and 48.5% (n = 16/33) 

were recorded as both grades B and C. The mean 

score value for all restaurants was 71.85 ± 7.75%. The 

minimum score value was recorded at 57%, and the 

maximum score was recorded at 94%. The results 

showed that 51.5% of the restaurants were at “clean”, 

and 48.5% were “less clean”. 
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Based on the 31 elements, nine elements were 

recorded below 51% (Table 2). Table 2 shows the 

mean score for elements that affected the levels of 

cleanliness of restaurants in the area of the study. As 

indicated in Table 2, the nine aspects with mean 

scores from lowest to highest were: "Enough trash 

bin, covered, clean and packed" (mean value = 0.00 ± 

0.00%); followed by "Health check on all food 

handlers" (mean value = 9.09 ± 29.19%); "The 

premises and equipment should be well maintained, 

and the cleaning schedule should be monitored 

continuously" (mean value = 24.24 ± 43.52%); 

"Hygiene of refrigerator" (mean value = 26.26 ± 

27.33%); "The space between the appliance and the 

wall/floor" (mean value = 36.36 ± 48.85%); "Foods 

and chemicals should be stored separately, both must 

be labelled" (mean value = 42.42 ± 50.19%); "Floor, 

wall and ceiling conditions" (mean value = 43.63 ± 

33.21%); "Wiping cloths, pads and cutting tools" 

(mean value = 45.45 ± 47.37%); and lastly "Effective 

pest control" (mean value = 46.97 ± 49.91%). 

Meanwhile, the remaining 22 elements had a mean 

score of more than 50%. 

 

Association between microbial contamination and 

cleanliness level  

Fisher's exact test determined the association 

between the microbial contamination levels on the 

cutting board and the restaurant's cleanliness levels 

(Table 3). Results showed no significant association 

between the bacterial contamination of coliform, 

Salmonella spp., and S. aureus on cutting boards and 

the levels of cleanliness in the studied area (p > 0.05; 

χ2 = 1.096; χ2 = 0.004; and χ2 = 0.437). This implied 

that the levels of restaurant cleanliness did not reflect 

the status of bacterial contamination on cutting 

boards, or vice versa. 

 

Discussion 

 

The present work aimed to evaluate the 

bacterial contamination status of cutting boards and 

the cleanliness levels of restaurants with long 

operating hours. To the best of our knowledge, this 

study was the first to be conducted in Malaysia that 

involved long operating hour restaurants. Food 

handler is the key player in determining the 

cleanliness levels of a restaurant, which is prone to 

getting contaminated, especially on the studied 

 

kitchen tool and cutting board with main pathogens 

causing foodborne illnesses such as aerobic bacteria, 

coliform, E. coli, Salmonella spp., and S. aureus. 

Microbial analysis determined that cutting 

boards from many restaurants assessed in the present 

work were commonly contaminated with bacteria. 

Counts of aerobic bacteria in cutting boards were 3.95 

to 7.07 log10 CFU/cm2, which was higher than the 

study reported in other food premises in Terengganu, 

Malaysia (2.5 ± 0.07 to 6.0 ± 0.01 log10 CFU/cm2) and 

Wales (2.4 to 6.1 log10 CFU/cm2) (Hamat et al., 2019; 

Evans and Redmond, 2019). Meanwhile, counts for 

coliform (< 1.00 to 5.58 log10 CFU/cm2) were higher 

compared to Hamat et al. (2019) (< 1.00 to 3.2 ± 0.01 

log10 CFU/cm2), but lower than Faour-Klingbeil et al. 

(2016) in Lebanon restaurants with value < 1.00 to 

8.40 log10 CFU/cm2. However, in the present work, 

for E. coli, the result (< 1.00 log10 CFU/cm2) was 

below the findings of previous works with values of 

1.1 ± 0.17 log10 CFU/cm2 and 2.4 to 5.0 log10 

CFU/cm2 (Hamat et al., 2019; Evans and Redmond, 

2019), respectively. Whereas, for S. aureus (< 1.00 to 

2.90 log10 CFU/cm2), the value was below as 

compared to Faour-Klingbeil et al. (2016) which < 

1.00 to 8.40 log10 CFU/cm2. 

Aerobic and coliform counts were expected to 

be higher due to the long hours of operation of 

restaurants. At the same time, lower values of E. coli 

and S. aureus at those restaurants’ cutting boards 

could have been due to personnel hygiene practices 

among food handlers, as discussed later. The 

prevalence of bacterial colonies could have been due 

to cross-contamination from the food handlers’ 

practices of placing kitchen tools on cutting boards 

after use, such as food clips and knives. Based on 

observation, these items were unsanitary when they 

were left on the cutting boards, and reused when 

needed. Also, contamination could occur due to the 

exposure of cutting boards to open air or cutting 

boards not covered after use. This observation was in 

line with a study conducted in food premises in 

Terengganu, Malaysia, which showed contamination 

of bacteria for knives used together with cutting 

boards being 0.96 ± 1.01 to 4.19 ± 0.20 log10 

CFU/cm2 (Mohd Nizam et al., 2014). Another study 

by Little and Sagoo (2009) proved that the rate of 

microbial contamination on the food contact surfaces 

influenced cross-contamination, as food 

contamination could increase after being in contact 
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with a contaminated surface. Other factors could 

affect the contamination rate, such as the rate of 

bacterial contamination through the air.  

Food waste that was not cleaned and left for too 

long could also cause bacterial growth on the cutting 

boards. This agreed with Larsen et al. (2014) who 

stated that the development of pathogens could occur 

when the surfaces of food came into contact with 

pathogenic colonies, and they multiplied. The 

bacteria could have high survival rate for a long 

period to form biofilm (Campdepadros et al., 2012) 

on the surface of the equipment, and the environment 

of the food processing site. Hamat et al. (2019) 

explained that the high prevalence of aerobic and 

coliform bacteria on food contact surfaces, especially 

cutting boards, indicated that the cleaning and 

disinfection procedures were insufficient. The 

cleaning method found in a study done in Cardiff by 

Evans and Redmond (2019) stated that the majority 

(63%) reported that their chopping boards were 

cleaned by washing in the sink with hot, soapy water; 

23% reported that a dishwasher was usually used to 

wash the chopping boards. The majority of chopping 

boards (55%) were plastic, 28% were wooden, and 

the rest were glass and marble. No significant 

differences (p > 0.05) were determined in the 

microbial loads of chopping boards based on the 

material of the chopping boards. Self-reported 

cleaning methods were also determined to have no 

significant difference (p > 0.05) in microbiological 

contamination. 

It is thus recommended to review and improve 

the procedures and frequency of cleaning as well as 

the usage of disinfectant materials so that the cutting 

boards are completely clean and free from bacterial 

contamination before used. This agreed with 

Goncalves et al. (2013) who stated that the 

effectiveness of cleaning and disinfection procedures 

on food contact surfaces should be carried out before, 

during, and after use to reduce the risk of cross-

bacterial contamination with equipment.  

The detection of Salmonella spp. in the present 

work was supported by Takooree et al. (2019) who 

reported the presence of Salmonella spp. on plastic 

cutting boards at 2.3 ± 0.71 log10 CFU/cm2, while on 

glass and wood cutting boards at < 1.6 ± 0.00 log10 

CFU/cm2. Based on the observations, flurried flies 

and Eurasian tree sparrow birds were there for 

leftover foods on several cutting boards used for RTE 

food preparation, which were exposed to outside 

open-air during restaurant inspection. Therefore, the 

presence of Salmonella spp. on the cutting boards 

could have been contributed by vectors such as flies 

and birds perching on them. Flies play an important 

role in transmitting bacteria from sources of 

pollution, such as toilets and unsanitary drainage 

systems, as well as uncovered waste bins to the 

surface of the cutting boards. This finding was 

supported by Hood and Zottala (1997) and 

Chessbrough (2000) who reported flies as a main 

vector of cross-contamination of bacteria. It also 

stated that the discovery of Salmonella spp. on the 

cutting boards was also due to the presence of bacteria 

on the "knife scars" or scratches seen on the surface 

of the analysed equipment (Takooree et al., 2019). It 

is thus recommended that the cutting boards be 

covered every time it is used to prevent cross-

contamination.  

In terms of restaurant grading, the findings 

showed that the majority of the restaurants were 

graded B and C after the inspection. This could have 

been due to the lack of staff in managing the cleaning 

activities of the restaurants, and the increased number 

of customers after the Movement Control Order 

(MCO) period was terminated by the Government 

during the COVID-19 pandemic. The increased 

number of customers would result in higher food 

handling operations, and indirectly caused the food 

handlers to be overwhelmed to carry out cleaning 

activities efficiently and effectively. The Grade B 

restaurants were labelled as “clean”, while grade C 

restaurants were labelled as “less clean”. The grade B 

restaurants could sometimes be downgraded to grade 

C the next day of inspection when there were no 

immediate actions taken to improve the cleanliness 

level. Restaurants graded C had the highest chances 

of exposing their customers to foodborne illnesses. 

This finding (71.85 ± 7.75%), which was classified as 

“clean” level, was supported by Kaur et al. (2021) 

who recorded a clean level of food premises 

cleanliness in Kota Kinabalu, Sabah, Malaysia, with 

the value of 80.75%. 

The inspection results showed that the main 

elements contributing to the low level of restaurant 

cleanliness were related to "Enough trash bin, 

covered, clean and packed", "Health check on all food 

handlers", "The premises and equipment should be 

well maintained, and the cleaning schedule should be 

monitored continuously", "Hygiene of refrigerator", 

and "The space between the appliance and the 

wall/floor". There were also bins left open, which 

contributed to the presence of pests such as rats, flies, 
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and cockroaches. The low-level scores were affected 

by 29.9% food handlers who did not get anti-typhoid 

vaccination, and 34.2% who had yet to attend the food 

handler course. Based on the inspection, it was seen 

that the frequency of cleaning activities of the 

restaurants did not comply with the prescribed 

cleaning schedule, and the level of cleanliness of the 

refrigerator was not satisfactory. Similarly, the 

condition of the plentiful equipment and utensils, 

especially in the restaurant store, had caused the space 

between appliances and the wall or floor to be limited 

for movement and cleaning activities. Therefore, 

these factors need to be taken seriously with the 

explanation and guidance to the food handlers to 

ensure that the same setback will not happen again.  

The importance of these factors is supported by 

the study by Kaur et al. (2021) which recorded the 

following percentage of non-compliance with 

elements in the inspection of food premises. Among 

them were "Enough trash bin, covered, clean and 

packed" (62.7%), "Health check on all food handlers" 

(56.5%), "The premises and equipment should be 

well maintained, and the cleaning schedule should be 

monitored continuously" (34.3%), "Hygiene of 

refrigerator" (68.3%), and "The space between the 

appliance and the wall/floor" (45.1%). Due to these 

issues, monitoring of food handler practices is 

important as it is the main reason for a premises 

failing to achieve a good level of hygiene. Therefore, 

the food handlers should play a prominent role in 

developing a food safety culture among them (Ncube 

et al., 2020) by avoiding unhygienic and unsafety 

food handling practices. It is also suggested that the 

food handlers fix the duration for effective cleaning 

at least once a day, and this activity should be 

included in the restaurant licencing requirement. 

For enforcement activity, it is also 

recommended that inspections of the restaurants be 

conducted regularly at different frequencies 

depending on the grade of the restaurant. For 

instance, the frequency of inspection for grade C 

premises is once every six months, while grade B is 

once a year. This recommendation is in line with a 

study by Wahida et al. (2017) which stated that more 

frequent inspections of food premises are crucial to 

maintaining hygiene levels, and can have a 

remarkable effect on the number of food poisoning 

cases. This is because the level of awareness related 

to food safety among food handlers will increase after 

being advised or reminded by the inspector. 

Overall findings showed no significant 

association between the contamination levels of 

coliform, Salmonella spp., and S. aureus on the 

cutting boards and the cleanliness levels of 

restaurants in the locality of the study (p > 0.05; χ2 = 

1.096; χ2 = 0.004; χ2 = 0.437). This was in line with 

the survey by Nurul Shuhada et al. (2019) who stated 

that there was no significant difference between mean 

number of microbial colonies on food contact 

surfaces and the levels of cleanliness of food premises 

either over or below 70% (p = 0.49; 95%; CI 79.93; 

41.15). Similarly, a study by Faour-Klingbeil et al. 

(2016) in Beirut, Lebanon, reported no significant 

correlation between the number of bacteria on the 

food contact surfaces and the restaurant hygiene 

levels (p > 0.05). However, this contradicted Siti 

Shahara et al. (2018) on the correlation between 

bacterial contamination levels on food contact 

surfaces and hygiene levels or inspection grades of 

residential college cafeterias at a public university in 

Malaysia, who showed weak correlation results of r = 

0.02 and p < 0.01. A study by Shafizi et al. (2016) 

related to the evaluation of ready-to-eat foods showed 

no significant correlation between the presence of S. 

aureus and the levels of cleanliness of restaurants in 

Putrajaya (r = - 0.113; n = 106; p > 0.01). 

Besides, there was no association between the 

levels of bacterial contamination and the levels of 

cleanliness in restaurants; the other aspect to look at 

is the cleaning aspect of applying a disinfection 

process at the restaurants. Using disinfection may not 

eliminate bacteria attached to the surface of the 

equipment by normal cleaning methods and 

insufficient disinfection processes. Hultman et al. 

(2015) showed that the presence of microorganisms 

in the form of biofilm on the surface would be 

difficult to eliminate, and persistent contamination 

would increase the attachment of pathogenic bacteria. 

This agreed with Maes et al. (2019) who emphasised 

the importance of optimal and effective cleaning and 

disinfection procedures to reduce or eliminate 

bacteria. Phillips (2016) stated that the use of 

chemicals for disinfecting activities can routinely 

minimise the spread of bacteria on food contact 

surfaces. 

 

Conclusion 

 

Microbial analyses revealed that the cutting 

boards were frequently contaminated with high 
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counts of bacteria, indicating the need to replace them 

more regularly. Most of the restaurants were graded 

as clean, with half of them at the bottom level that 

needed improvement. In the present work, there was 

no significant association between the levels of 

bacterial contamination and the cleanliness levels of 

restaurants, indicating that the presence of coliform, 

Salmonella spp., and S. aureus on the cutting boards 

was not affected by the restaurants’ levels of 

cleanliness. Consequently, the findings of the present 

work may assist Malaysian authorities in developing 

and improving existing legal provisions and public 

policies. Instruction manuals for food premises can 

also be developed for proper and standardised 

cleaning activities. Surface swabs are also important 

for inspecting the premises for evidence-based 

practices, and as an indicator of bacterial 

contamination status.  
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