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Exposure To Infrared Rays Effectively Reduces the Total 
Germs on Eating Equipment in The Industrial Canteen. 
Traditional food processing methods, unclean presentation and 
storage, and poor cutlery washing contribute to food-related 
diseases. The research occurred in an industry that transports oil 
and natural gas, fills LPG cylinders, and provides canteen facilities 
for workers to eat. According to Minister of Health Regulation No. 
1096 of 2011, which pertains to Food Service Sanitation Hygiene, 
the permissible limit for the number of germs on cutlery surfaces 
is 0 colonies per cm2. The inspection results showed that the 
number of germs on the plate did not meet the recommended 321 
colonies/cm2 threshold. We conducted this study to investigate 
the impact of varying infrared irradiation times on the number of 
germs on cutlery. The research was conducted using an 
experimental design, including a posttest and a control group, and 
involved three different irradiation time treatments: 10 minutes, 
15 minutes, and 20 minutes, each with six repetitions. The study 
population consisted of 35 cutlery plates with a sample size 24. 
Data analysis was performed using the Kruskal-Walli's test, with 
results obtained at p <0.05 (0.000). After being irradiated for 10 
minutes, 15 minutes, and 20 minutes, the average number of 
germs was 32 colonies/cm2, 11 colonies/cm2, and 0 
colonies/cm2. The study's findings on reducing the number of 
germs in the industry were influenced by differences in the length 
of time for infrared light irradiation. It is recommended that 
sterilization cabinets be used in industry to reduce the number of 
germs in industrial cutlery. 
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INTRODUCTION 

Food is one thing that can fulfill basic human needs for growth and survival. Food poisoning 
is caused by the food itself, which can act as an intermediary for disease spread. Poor food 
management is the cause of disease transmission. This is influenced by several environmental 
factors (physical, chemical, and biological) as well as behavioral factors, namely the 
cleanliness of food handlers (1). 
Eating utensils play a significant role in the transmission of disease and are included in the 
principles of food sanitation and hygiene. Therefore, tableware quality must be considered, 
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including chemical, physical, and bacteriological quality. The quality of cutlery that does not 
meet the requirements is a factor in the presence of Escherichia coli bacteria (2). 
The results of the total plate number test for cutlery plates carried out in the industrial 
canteen on February 26, 2022, were 321 colonies/cm2 of cutlery area, and during the 
inspection on March 1, 2022, the results were 9.4 x 102 colonies. The germ number on the 
cutlery does not meet the requirements because it is above the specified value, namely no 
more than 0 colonies/cm2. This refers to the Republic of Indonesia Minister of Health 
Regulation Number 1096 of 2011 concerning Jasa Boga Sanitation Hygiene Requirements (3). 
Implementing food sanitation is one effort that can be made to reduce contamination. Food 
sanitation is a preventive effort that focuses on activities and actions to eliminate food 
hazards, starting with food preparation, processing, storage, and serving. Food sanitation 
carries out efforts to prevent the transmission of disease to consumers, prevent the sale of 
food that could be detrimental to buyers, and ensure food safety (4). 
Sterilizing cutlery can prevent bacterial contamination. In a medical sense, sterilization is a 
process using certain methods, with the result being that no more microorganisms are found  

(5). In the sterilization process, pathogens will be destroyed, including endospores (6). 
Endospores serve as a survival structure for bacteria, allowing them to survive under 
unfavorable conditions. One method of sterilization involves using infrared rays, which, in the 
irradiation process, can prevent the growth of cancer cells, bacteria, and fungi. 
According to research, infrared sterilization for 15 minutes is the most successful sterilization 
in reducing the presence of Bacillus subtilis bacteria compared to using an autoclave with 
70% alcohol and ozone. Infrared light is invisible to humans; it can only penetrate transparent 
materials, and components that can produce heat can also produce infrared rays (8). Other 
research shows that photoinactivation can occur when exposed to an infrared light-emitting 
diode (LED) with a wavelength of 950 nm, resulting in a 53% death rate for Bacillus subtilis 
bacteria at a light distance of 1.5 cm with an exposure time of 15 minutes (9). Then, infrared 
radiation with a wavelength of 700–1200 nm and a power of 150 watts for 70 minutes causes 
the death of Escherichia coli bacteria by 100%. 10. Infrared light is used in medical devices to 
stop the formation of Escherichia coli bacteria. With an exposure time of 20 minutes, it can 
inhibit bacteria for up to 2 days and prevent the formation of new bacteria for up to one week 

(7). Infrared exposure for 10 minutes with a wavelength of 950 nm and an exposure distance 
of 4 cm can reduce the number of germs on cutlery by up to 99.94% (11). There was a reduction 
in the number of germs on cutlery by 99.98% by irradiating infrared light with a wavelength 
of 950 nm and an exposure time of 5 minutes (12). 
Based on this background, we conducted research on sterilizing plates using the method of 
shining infrared rays with a wavelength of 950 nm, 150 watts, and 220 volts at different 
exposure times of 10 minutes, 15 minutes, and 20 minutes at a distance of 4 cm. Research was 
conducted to determine the effect of differences in length of exposure to infrared rays on 
reducing the number of germs on plates in industrial canteens. 
 

 
MATERIALS AND RESEARCH METHODS 
This type of research employs an experimental design with a posttest and control design. The 
posttest measures the number of germs on eating utensils that have been exposed to infrared 
light for 10 minutes, 15 minutes, or 20 minutes, while the control represents the number of 
germs on eating utensils without treatment. The research was conducted in an industrial 
canteen, with 35 eating utensils used as a sample. Sampling was carried out randomly, with a 
sample size of 24 plates. 
The research was carried out using a cupboard measuring 60 cm by 35 cm by 50 cm, which 
can accommodate five plates. The sterilization cabinet is constructed from stainless steel due 
to its ability to reflect infrared light, maximizing its utilization9. The study used a sterilization 
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cabinet equipped with infrared lamps with a wavelength of 950 cm, 150 watts, and 230 volts. 
In this study, there was a distance of 4 cm between the infrared lamp and the eating utensils. 
The tool's design is shown in Figures 1 and 2. 

 

 
Figure 1. Front view tool design 

Figure 2. Side view of the tool design 
 

 
RESULTS OF RESEARCH AND DISCUSSION 
 
The results of the research that has been carried out are as follows: 
Germ Numbers Without Treatment and With Treatment 
The results of checking germ numbers on plates in industrial canteens are shown in table 1.  
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Table 1. Number of germs without treatment and with treatment 

Repetition 
Control 

(colonies/cm2) 

Treatment (colonies/cm2) 

10 minutes 15 minutes 20 minutes 

1 290 28 9 0 

2 265 32 14 0 

3 235 19 8 1 

4 335 25 11 0 

5 310 38 7 0 

6 350 45 13 0 

Minimal 235 19 8 0 

Maximum 350 45 14 1 
Average 298 32 11 0 

 
The number of germs decreased between cutlery that was not exposed to light and cutlery 
that was exposed to infrared light for 10 minutes, 15 minutes, and 20 minutes. The total 
number of germs on plates without treatment had an average of 298 colonies/cm2 of surface 
area of cutlery and the total number of germs with treatment for 10 minutes, 15 minutes, and 
20 minutes, respectively, had an average of 32 colonies/cm2, 11 colonies/cm2, and 0 
colonies/cm2. The decrease in the number of germs on the plate after treatment was caused 
by cell death and the organism's inability to form new cells due to the bacteria's absorption 
of radiation energy. A photoinactivation process occurs during infrared irradiation. This 
process occurs in three stages, namely photophysical, photochemical and photobiological 
processes (9). 
 
Cutlery Washing Techniques 

 
Figure 3 Graphic of Cutlery Washing Facilities 
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 Figure 4 Graphic of Cutlery Washing Techniques 
 

 
According to observations, the techniques for washing cutlery in industrial canteens are the 
stages of scraping (disposal of food waste), washing (washing), and rinsing (rinsing with 
water). Meanwhile, the washing stages that do not meet the requirements are flushing 
(soaking in water), sanitizing (disinfecting) and toweling (drying). The technique for washing 
cutlery in industrial canteens, with an observation percentage of 62.5%, does not meet the 
requirements. 
Cutlery washing activities in industrial canteens have not been performed optimally. Factors 
that impact on this situation include inadequate washing facilities, which hinder the 
completion of several washing stages, and the conduct of the canteen staff during the washing 
process. Cutlery plays an important role in disease transmission, so efforts to reduce the  
number of germs can be made by washing cutlery properly13. Good washing facilities consist 
of at least three washing tubs (three compartment sinks). Using this method, along with 
detergent and chlorine solutions, can significantly reduce the number of germs on cutlery. 
Before washing, the germ number was 832 colonies/cm2, and after washing, it was 51.11 
colonies/cm2 on the cutlery surface area (14). 
 
Cutlery Storage Facilities 
 

Figure 5 Graph of Cutlery storage facilities 
 

The cutlery storage facilities used in industrial canteens only meet the cabinet's shape and 
material requirements. Storing cutlery in an open cupboard allows for contamination by 
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microbes and bacteria. This practice exposes food and ready-made food to vectors and pest 
animals, thereby increasing the risk of contamination. 
 
Differences in Length of Contact Exposure to Decrease in Germ Numbers on Eating 
Utensils 
After conducting research with three different exposure times, the number of different 

germs decreased. This is supported by the results of the Kruskal-Walli’s test, with a p 
value of 0.000. Because the p value is less than 0.05, H0 is rejected, indicating that there 
is a difference between the three-time variations in reducing the number of germs on 
cutlery in industrial canteens. 
After being given radiation treatment using infrared rays, the number of germs on the 
plates decreased. The average number of germs on cutlery without treatment was 298 

colonies/cm2, and the average number of germs given irradiation using infrared light fo r 
10 minutes was 32 colonies/cm2, 15 minutes was 11 colonies/cm2, and 20 minutes was 
0 colonies/cm2. Therefore, it can be concluded that the optimal time for exposure to 
infrared rays to reduce the number of germs on cutlery is 20 minutes.  
In previous research, there was a difference in the number of germ numbers decreasing 

after being exposed to infrared rays with three different time variations; the number of 
germ numbers at a 2-minute exposure time variation was 43 colonies/cm2, a 4 minute 
exposure was 18 colonies/cm2, and a 6 minute exposure was 1 colony/cm2 (15). 
Bacteria absorb radiation energy, which causes cell death and the organism's inability to 
form new colonies, resulting in a decrease in the number of germs on eating utensils. The 
effectiveness of infrared irradiation in reducing germ numbers depends on the intensity 
of the photoinactivation process; therefore, the longer the exposure time, the higher the 
number of germ deaths on cutlery. 
 

 
CONCLUSIONS AND RECOMMENDATIONS 
Based on the number of germs for each variation in length of time, we can conclude that 
differences in the length of infrared irradiation time influence the number of germs on cutlery. 
20 minutes of exposure is the most effective time to reduce the number of germs on eating 
utensils. Suggestions are given for using sterilization cabinets in industry to reduce the 
number ofgerms on cutlery. 
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