
Doctoral thesis 

 

 

 

Study of transition and sterilization of microorganism 

on the plastic surface 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2014.3 

Ishikawa Prefectural University 

Graduate School of Bioresources and Environmental Sciences 

Division of Sciences for Biological Function 

 

 

Li Rui 

 

 



Menu 

 

Introduction                                                                         1 

Chapter 1 Transfer rate of Escherichia coli O157:H7 from contaminated chopping boards to ready-to-eat 

ham 

1-1.  Introduction                                                                    4 

1-2.  Materials and methods                                                            5 

1-2-1. Samples and chemicals                                                       5 

1-2-2. Preparation of chopping boards                                                5 

1-2-3. Preparation of bacteria                                                       5 

1-2-4. Preparation of inoculation                                                    5 

1-2-5. Effect of number of scratches on the transfer rate of E. coli O157:H7 from contaminated chopping 

boards to ham                                                      6 

1-2-6. Effect of drying on the transfer rate of E. coli O157:H7 from chopping boards to ham     6 

1-2-7. Transfer rate of E. coli O157:H7 from contaminated chopping boards to ham samples     6 

1-2-8. Effect of pressure on the transfer rate of E. coli O157:H7 from contaminated chopping boards to 

ham                                                          7 

1-2-9. SEM of bacteria adhered to the chopping boards                                  7 

1-2-10. Microbiological analyses and enumeration                                      7 

1-3.  Results and Discussion                                                 8 

1-3-1. Effect of initial inoculum size on the transfer rate of E. coli O157:H7 from contaminated chopping 

boards to ham                                                      8 

1-3-2. Effect of contact time on the transfer rate of E. coli O157:H7 from contaminated chopping boards 

to ham                                                              9 

1-3-3. Transfer rate of food-supplemented E. coli O157:H7 from contaminated chopping boards 

to ham.                                                                   10 

1-3-4. Effect of pressure on the transfer rate of E. coli O157:H7 from contaminated chopping boards to 

ham                                                             12 

1-3-5. Transfer rate of E. coli O157:H7 from contaminated chopping boards to successive ham  



samples                                                                 13 

1-3-6. Effect of number of scratches on the transfer rate of E. coli O157:H7 from contaminated chopping 

boards to ham                                                         15 

1-3-7. Effect of semi-dried ham on the transfer rate of E. coli O157:H7 from contaminated chopping 

boards to ham.                                                        16 

1-3-8. SEM of chopping boards                                                    17 

1-4.  Conclusion                                                                    19 

1-5.  References                                                                    20 

 

Chapter 2 Effect of food residues on efficiency of surfactant disinfectants against food related 

pathogens adhered onpolystyrene and ceramic surfaces 

2-1.  Introduction                                                                   25 

2-2.  Materials and methods                                                           26 

2-2-1. Preparation of bacterial strains                                                     26 

2-2-2. Chemicals and samples                                                     26 

2-2-3. Preparation of dishes                                                        27 

2-2-4. Preparation of bacterial adhesion and treatment of BAC and AGH                   27 

2-2-5. Washing treatment combined with BAC and AGH treatment                        27 

2-2-6. Image of bacteria adhered on plastic dishes by SEM                              28 

2-2-7. Statistical analysis                                                         28 

2-3.  Results                                                                       29 

2-3-1. Images of bacterial cells adhered on plastic surfaces by crystal violet staining               29 

2-3-2.Effect of BAC and AGH on strains dried with organic components on a plastic dish  

surface                                                                  30 

2-3-3. Effect of BAC and AGH on strain cells dried with milk, beef gravy and tuna gravy on a plastic dish 

surface                                                             32 

2-3-4. Effect of washing treatment combined with BAC and AGH treatment on cells dried with milk on 

the surfaces of plastic and ceramic dishes                                    35 

2-4.  Discussion                                                                    39 



2-5.  References                                                                    43 

Conclusion                                                                         48 

Acknowledgement                                                                  51 

List of Publication                                                                  52   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 

 

 

Introduction 

 

Cross-contamination of bacterial pathogens in the home and in food service establishments is thought 

to be a major contributing factor for food-borne illness during food handling and preparation, 

microorganisms on raw foods can be transferred to various surfaces, such as cutting boards and dishes.  

Bacteria on the contaminated surfaces may transfer to other food by contacting. The transfer rate of 

bacteria from contaminated surface to ready-to-eat food may affect by many factors, such as initial 

inoculums size, type of bacteria, contacting time.  

Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus cereus, and B. cereus 

spores were main bacteria strains caused food-borne illness. Bacteria mixed with food residues adhered 

on surface may form biofilm and made them hard to clean. Also biofilm were found resistant to some 

sanitizers and could survived after cleaning.  

Proper washing has been recognized as one of the most effective step to prevent cross-contamination 

and minimize transfer of microorganisms to ready-to-eat foods in modern homes and institutional 

kitchens. 

In this research, influence factors to transfer rate of E. coli O157:H7 from plastic chopping boards 

surface to ready-to-eat food was clarified. To reduce the bacteria on plastic surface, effect of surfactant 

disinfectant (benzalkonium chloride, BAC and alkyldiaminoethylglycine hydrochloride, AGH) to 

bacteria mixed with food component dried on plastic and ceramic surface was also studied. Bacteria was 

detected after BAC and AGH treatment, but BAC and AGH following general and proper washing 

treatment could reach the sterilization requires. These results indicated that washing is an important step 

in food safety and could reduce the risk of cross-contamination on plastic surface. 

Chapter 1 evaluated the influence factors to affect transfer rate of E. coli O157:H7 from contaminated 
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chopping boards to ready-to-eat ham. The effect of initial inoculums size, food component, pressure, 

contacting time, number of scratches, and semi-dried surface of ham to transfer rate were studied.  

Chapter 2 evaluated effect of food residues (milk, beef gravy and tuna gravy) on efficiency of 

surfactant disinfectants (BAC and AGH) against food related pathogens (E. coli O26, P. aueruginosa, S. 

aureus, B. cereus )adhered on plastic and ceramic dishes surfaces. In this study, the importance of 

washing to avoid bacterial adhesion to the surfaces of plastic and ceramic dishes was also clarified. 
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1.  Introduction 

Cross-contamination is recognized as a major cause of food-borne illness (Bloom and Scott, 1997; 

Guzewich and Ross, 1999; Knabel 1995) and kitchen incidences have increased as the availability of 

ready-to-eat food increases (Cogan et al., 2002; Gorman et al., 2002). Home environments are the final 

link in the food chain. Chopping boards contaminated by bacteria during food preparation may continue 

to harbor the bacteria, which may later transfer to other foods. Therefore, avoiding cross-contamination 

between chopping board and food is crucial for reducing the risk of food-borne diseases. 

Chopping boards are indispensable for food preparation in the home. Some studies have reported that 

cut or scratched plastic chopping boards are more difficult to clean than new or lightly scratched boards 

(Scuderi et al., 1996; Barker et al., 2003). The transfer of bacteria from one surface to another is 

influenced by type of bacteria (Mackintosh and Hoffman. 1984; Rusin et al., 2002); surface material 

(Chen et al., 2001; Gill and Jones, 2002); and post-inoculation time (Scott and Bloomfield, 1990). 

The kitchen environment has been identified as a major source of pathogenic bacteria, including E. coli 

O157:H7 (Scuderi et al., 1996; Barker et al., 2003), which produces symptoms at infection doses of less 

than 10 cells (Buchanan and Doyle, 1997). Several studies have implicated human contact or contact 

between kitchen surfaces and foods in bacterial survival and cross-contamination (Chen et al., 2001; 

Montville et al., 2001; Kusumaningrum et al., 2003). In recent years, ready-to-eat food has become fresh, 

nutritious and easily prepared, and its consumption has increased accordingly. However, ready-to-eat 

food is readily cross-contaminated by contact with preparation surfaces harboring pathogenic bacteria. 

One source of food-borne disease may caused by ham prepared on unclean chopping boards. The surface 

of ham is soft, smooth, moist and hydrophilic, and therefore easily attached to chopping boards. However, 

the transfer rate (TR) of E. coli O157:H7 from contaminated plastic chopping boards to ham has been 

little investigated. 

The objective of this study is to clarify the influence of initial inoculum size, pressure, number of 

scratches and other effecting factors on the transfer rate of E. coli O157:H7 from contaminated chopping 

boards to ready-to-eat ham. 
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2.  Materials and methods 

 

2.1.  Samples and chemicals     

Ready-to-eat ham (aseptically packaged), and UHT milk were purchased from a local supermarket 

(Nonoichi, Japan). Each ham portion weighed approximately (18±1.0) g. Soluble starch was purchased 

from Wako Pure Chemical(Osaka, Japan). The neutralized detergent was purchased from Kao 

Corporation (Tokyo, Japan). Rifampicin was purchased from Nacalai Tesque (Kyoto, Japan). 

 

2.2.  Preparation of chopping boards   

Plastic chopping boards purchased from a local supermarket (Nonoichi, Japan) were cut into (5×5) cm
2
 

squares, and either scored with scratches at the center (3×3 cm
2
) or left intact. Prior to experiment, all 

board coupons were sterilized under UV light for 10 min in the bio clean-bench (SCB-1300B, Shimadzu 

Rika Instrument, Tokyo, Japan).   

 

2.3.  Preparation of bacteria 

This experiment employed a rifampicin resistant strain of Escherichia coli O157:H7 (isolated from cow 

dung, a non-virulent strain that does not produce verocytotoxins VT1 and VT2). The strain was prepared 

as described in Adelberg et al (1965), cultured in 5 ml Trypto-soya broth (TSB, Nissui Pharmaceutical 

Co., Tokyo, Japan) and incubated at 37°C with shaking (120 rpm) for 18 h. Cells were collected by 

centrifuging (2000 g) for 10 min at room temperature (RT), re-suspended and washed twice with 5 ml 

phosphate-buffered saline(PBS, 0.31 mmol/l, pH 7.2), then suspended in 1 ml PBS. 

 

2.4.  Preparation of inoculation. 

The suspensions for spreading were prepared as follows: 0.5 ml of the E. coli O157:H7 suspension was 

mixed with 0.5 ml PBS and 1ml neutral detergent solution (0.55%, to facilitate homogeneous spreading 

of the bacteria). When the bacteria were supplemented with food components, 0.5 ml of the bacterial 

suspension was mixed with 0.5 ml neutral detergent and 1ml milk or 10% soluble starch. A drop of mixed 

suspension (0.02 ml) was then deposited onto the center of the chopping board sections and spread with 

an autoclaved writing brush across a 9 cm
2 
area. The sections of chopping board were covered with ham 
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and placed in sterile stomacher bags for bacterial detection. The ham-coated board sections were placed in 

plastic dishes (diameter:9 cm, highs:15 mm, sterilized by ethylene oxide gas, As One Co., Ltd, Osaka, 

Japan), and 10 ml of PBS was added. Bacteria were detected by swabbing the boards with a cotton swab 

(for microbial test, Nissui Pharmaceutical Co., Tokyo). The suspensions (1 ml) were 10-fold serially 

diluted with 9 ml PBS and immediately plated onto Trypto-soya agar(TSA, Nissui, Tokyo) with 

rifampicin (1 mg/ml). The plates were incubated at 37 °C for 48 h.   

The E. coli O157:H7 cells in the initial suspensions (bacterial population less than 10
5
 cells) were 

counted by the three-tube MPN (most probable number) method. The chopping board coupons were 

contaminated as described above. Ham was left on the boards for 1 min, then placed in stomach bags 

containing 40 ml PBS and immediately homogenized in the stomacher. The board sections were placed in 

the stomach bags containing 40 ml PBS and cells were detached by pulsification (PUL 100 Pulsifier for 

food pathogen detection, Microgen Bioproducts. Ltd, Surrey, UK) for 1 min. Suspensions of ham and 

chopping boards were tested in TSB with rifampicin(1 mg/ml) incubated at 37 °C for 48 h. 

 

2.5.  Effect of number of scratches on the transfer rate of E. coli O157:H7 from contaminated chopping 

boards to ham.  

Boards were scored with 10, 20 or 30 scratches (crossed or uncrossed) using a knife. The bacteria 

transferred to the ham from the contaminated chopping boards during 1 min contact time were 

enumerated by the plate method as described above. 

 

2.6.  Effect of drying on the transfer rate of E. coli O157:H7 from chopping boards to ham 

Contaminated chopping boards were prepared as above and dried for 1 h in a clean-bench at RT. 

Moisture was absorbed from the ham samples by placing the ham on a kimtowel (Nippon Paper Crecia 

Co. Ltd. Tokyo, Japan) that had been sterilized in an oven at 140°C for, 4 h. Next, the ham samples were 

either dried in a clean-bench (ventilation 20 m³/min; SCB-1300B, Shimadzu Rika Instrument, Tokyo, 

Japan) for 30 min at RT or left moist. Following this procedure, the ham placed on the chopping boards 

for 1 min was immediately enumerated by the plate method as described above. 

 

2.7.  Transfer rate of E. coli O157:H7 from contaminated chopping boards to ham samples 
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The cell population in the initial suspension was about 10
6
cfu/coupon. Chopping boards were 

contaminated as described above. In succession, five pieces of ham were placed on the chopping board, 

each for 1 min, and the cell populations on the ham and chopping boards were enumerated by the plate 

method. 

 

2.8.  Effect of pressure on the transfer rate of E. coli O157:H7 from contaminated chopping boards to 

ham 

The chopping boards were contaminated as described above. The cell population in the original 

suspension was about 10
6
cfu/coupon. Pressures of 3 g/cm

2
, 36 g/cm

2
 or 70 g/cm

2
 were applied to the 

ham samples on the boards for1 min. The number of E. coli O157:H7 cells transferred to the ham was 

calculated by immediately plating the cells after each pressure application, and enumerating the colonies 

as described above.  

 

2.9.  SEM of bacteria adhered to the chopping boards 

Bacterial suspensions mixed with milk and PBS were placed on scratched or unscratched chopping 

board coupons in a bio-clean bench and dried for 90 min at RT. The board coupons were cut by 

autoclaved scissors into 1 cm
2 
sub-sections. Specimens were coated with platinum by ion sputtering 

(Hitachi Ion Sputter E-1010, Hitachi Co., Tokyo, Japan) and observed under a field emission Scanning 

Electron Microscope (SEM; Hitachi S-4700, Hitachi Co.) operating at 20 kV. 

 

2.10.  Microbiological analyses and enumeration 

The transfer rate was calculated as follows:  

TR = cell population in ham/ cell population in the initial inoculum spread across the chopping boards 

The cell population in the ham is the number of E. coli O157:H7 transferred from the contaminated 

chopping boards to the ham. 

The TR data collected from the plastic chopping boards are expressed as the mean and SD of the 

measurements. Statistical analysis was conducted by the EXCEL Statistic 5.0 software (Esumi Co., Ltd., 

Tokyo, Japan).Significant differences were distinguished by p<0.05. All experiments were performed in 

triplicate (n = 3). 
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3.  Results and Discussion 

 

3.1.  Effect of initial inoculum size on the transfer rate of E. coli O157:H7 from contaminated chopping 

boards to ham  

The TR from the contaminated surface to ham is expected to depend on the concentration and initial 

load of pathogenic cells on the chopping boards. The effect of initial inoculum size on the TR was 

evaluated by the plating and MPN methods, and the results are summarized in Table 1-1. As the initial 

inoculum size decreases, the TR of E. coli O157:H7 reduces on both scratched and unscratched chopping 

boards (from 32.3% to 18.1% and from 34.5% to 18.6%, respectively). The TRs of scratched and 

unscratched chopping boards were not significantly different (p<0.05). According to this results, the 

higher the initial population, the higher the TR. By contrast, Fravalo et al (2009) reported that 

Campylobacter transfer from chicken thighs to chopping boards is inversely related to initial load. 

Montville and Schaffner (2003) similarly found that TR is inversely related to initial size. This 

discrepancy maybe caused by the different bacteria, materials and methods used in the present study. On 

the other hand, our results are consistent with those of Takeuchi and Frank (2000), who found that higher 

initial loads of E. coli O157:H7 are better attached to lettuce leaves.   
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Low initial inoculum size were counted by the MPN method. As the initial inoculum size was varied, 

the TR evaluated by this method did not significantly. However, the TR evaluated by the MPN method 

was lower than that obtained by plate counting at the highest initial inoculum size (7.04 versus 7.67 log 

cfu/ham), reinforcing that lower initial inoculum size lowers the TR in this study. Similarly, no significant 

differences were found between scratched and unscratched boards (p>0.05). Bacterial transfer from 

surfaces can be quantified in many ways. In this study, the cells were detached from the surfaces of the 

chopping boards by a cotton swab, and enumerated by plate counting or pulsification (in the MPN 

method). Like pulsification, sonication reportedly causes cell damage, and cotton swabbing is a preferable 

technique for detaching cells from surfaces (Chavant et al., 2004). In this study, however, both techniques 

yielded acceptable results.   

 

 

3.2.  Effect of contact time on the transfer rate of E. coli O157:H7 from contaminated chopping boards 

to ham 

During preparation, food may be placed on chopping boards for a short time. The time for which the 

Table 1-1 Transfer rate of E. coli O157:H7 from contaminated chopping boards to ham, varying the initial inoculum size

                                   Unscratched chopping boards                                Scratched chopping boards 

Initial inoculum size Cell population in ham        TR Initial inoculum size Cell population in ham        TR 

(log cfu/coupon) (log cfu/ham)       (%) (log cfu/coupon) (log cfu/ham)       (%)

7.54±0.06 7.04±0.07 32.3±3.2 7.67±0.01 7.08±0.02 34.5±1.8

6.60±0.05 6.09±0.04 31.0±1.4 6.74±0.10 6.19±0.04 26.6±7.9

5.54±0.02 4.84±0.17 23.4±4.3 5.56±0.06 4.90±0.11 22.0±3.6

5.17±0.03 4.27±0.23 18.1±1.2 4.55±0.08 3.82±0.04 18.6±1.8

  3.31±0.22*   2.71±0.11*   21.3±0.9*   3.34±0.00*   2.77±0.00*   21.8±0.0*

  2.47±1.10*   1.85±0.15*   24.2±4.8*   2.71±0.12*   2.03±0.00*   21.5±6.2*

Initial inoculum size: population of E. coli O157:H7 spread on chopping boards

Cell population in ham: estimated number of E. coli O157:H7 cells transferred to ham

Values are expressed as mean and SD (n =3)

Time of contact with contaminated surface: 1 min

*: count by MPN (most proble number method)

Scratched chopping boards: 5 scratches were scored using a knife 
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ham remains on the chopping board may also affect the TR. To investigate this effect, ham samples were 

placed on sections of chopping board for 10s, 30s, 60s, 3 min or 5 min. The TR of E. coli O157:H7 from 

chopping boards to ham did not significantly depend on contact time (p>0.05; data not shown), and 

ranged from 21.2% to 26.4%,and from 21.7% to 26.7% on unscratched and scratched chopping boards, 

respectively (Table 1-2). However, Dawson et al., (2007), who implemented long-term contact (exceeding 

8 h), reported that TR does increase with contact time. Dickson (1990) also suggested that the longer the 

contact time, the higher the transfer rate. In this study, longer contact time was not attempted because 

food is likely to be rapidly prepared in home kitchens, and probably remains on the chopping board for 

only a few minutes. 

 

 

 

 

3.3.  Transfer rate of food-supplemented E. coli O157:H7 from contaminated chopping boards to ham. 

During food preparation, a variety of foods can be placed on chopping boards, and contaminating 

microorganisms may become mixed with food residues. The influence of food components on the TR was 

evaluated, and the results are summarized in Table 1-3. Again, the TR was found to increase with 

increasing initial inoculum size. The TR of bacteria mixed with starch ranged from 38.5% to 18.9% on 

unscratched boards, and from 34.7% to15.3% on scratched boards. The TR of cells mixed with milk 

Table 1-2 Effect of contact time on the transfer rate of E. coli O157:H7 from contaminated chopping boards to ham

unscratched chopping boards scratched chopping boards

contact time cell population in ham（log cfu/ham) TR (%) cell population in ham （log cfu/ham) TR (%)

10s 5.09±0.04 21.2±1.1 5.04±0.06 22.7±2.3

30s 5.19±0.02 26.4±0.4 5.07±0.07 24.4±2.7

60s 5.16±0.11 25.1±4.7 5.02±0.09 21.7±3.0

180s 5.12±0.11 24.3±4.0 5.11±0.05 26.7±1.6

300s 5.12±0.12 24.4±4.0 5.10±0.08 26.2±3.5

Initial inoculum size of unscratched chopping boards: 5.77±0.03 log cfu/coupon

Initial inoculum size of scratched chopping boards: 5.69±0.02 log cfu/coupon

Values are expressed as mean and SD (n =3)

Scratched chopping boards: 5 scratches were scored using a knife 
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ranged from 34.8% to 22.1% and from 38.5% to 34.0% on scratched and unscratched boards, respectively. 

However, the TRs of cells mixed with starch did not significantly differ on scratched and unscratched 

chopping boards. In general, the TRs of E. coli O157:H7 mixed with milk were slightly higher than those 

of cells mixed with starch. These differences probably arise from the components of milk, such as lipid 

and protein, and their concentrations. The TR of E. coli O157:H7 mixed with milk was more than 30% on 

scratched higher than on unscratched chopping boards. We consider that the milk occupied the space 

opened by the scratches, bringing the cells closer to the ham.  

 

 

 

 

 

 

Table 1-3 Transfer rate of E. coli  O157:H7 mixed with food components from contaminated chopping boards to ham

E. coli O157:H7 mixed with strach

                                                                                     Unscratched chopping boards                                                                                     Scratched chopping boards 

Initial inoculum size       cell population  in ham   TR Initial inoculum size cell population in ham   TR 

(log cfu/coupon) (log cfu/ham) (%) (log cfu/coupon) (log cfu/ham) (%)

8.53±0.04 8.10±0.13 38.5±10.9 8.67±0.05 8.20±0.07 34.7±2.2

7.27±0.01 7.11±0.19 22.7±4.3 6.81±0.22 6.35±0.03 24.1±1.5

5.95±0.02 5.23±0.05 18.9±1.3 6.16±0.08 5.35±0.02 15.4±2.0

E. coli O157:H7 mixed with milk

                                                                                     Unscratched chopping boards                                                                                      Scratched chopping boards

Initial inoculum size    cell population in ham          TR Initial inoculum size  cell population in ham   TR 

(log cfu/coupon) (log cfu/ham) (%) (log cfu/coupon) (log cfu/ham) (%)

7.90±0.13 7.43±0.01 34.8±9.7 7.66±0.04 7.25±0.08 38.5±4.3

6.84±0.23 6.39±0.15 33.6±10.5 6.57±0.07 6.13±0.10 36.8±2.0

5.81±0.02 5.16±0.08 22.1±4.2 5.55±0.03 5.09±0.03 34.0±0.9

Initial inoculum size: population of E. coli O157:H7 spread on chopping boards

Cell population in ham: estimated number of E. coli O157:H7 cells transferred to ham

Values are expressed as mean and SD (n =3)

Time of contact with contaminated surface: 1 min

Scratched chopping boards: 5 scratches were scored using a knife 
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3.4.  Effect of pressure on the transfer rate of E. coli O157:H7 from contaminated chopping boards to 

ham 

During preparation, the knife used to slice the ham introduces pressure to the ham. Pressure encourages 

close contact with the chopping board and might thereby affect the TR. The impact of pressure on the TR 

is shown in Figure 1-1. The TR of E. coli O157:H7 from contaminated unscratched chopping boards to 

unweighted ham (a single piece of ham) was 29.31%. Under pressures of 3 g/cm
2
, 36 g/cm

2
, and 70 

g/cm
2
,the TR increased to 39.4 %,44.2% and 54.3%, respectively. Similar results were obtained on 

scratched chopping boards. The TR under 70 g/cm
2
pressure was twice that of unweighted ham. 

Kusumaningrum et al., (2003) and Vorst et al., (2006) similarly reported that TR increases at higher 

pressures. These results may be attributed to the soft, smooth surface of ham. Higher pressure might 

reduce the surface space between the ham and the board and increase the contact area, thereby raising the 

TR. Bower et al.,(1996) also suggested that higher pressures bring surfaces into closer contact. This result 

indicates that pressure exerts a major influence on the TR and should be noted in food safety 

investigations.  
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Figure1-1 Effect of pressure on transfer rate of E. coli O157:H7 from contaminated chopping boards to 

ham 

A: Unweighted ham                      B:Weighted by 3 g/cm
2
 

C: Weighted by 36 g/cm
2
D: Weighted by 70 g/cm

2 

TR: transfer rate 

Time of contact with contaminated surface: 1 min 

Scratched chopping boards: 5 scratches were scored using a knife 

Values are expressed as mean and SD (n=3) 

 

 

3.5.  Transfer rate of E. coli O157:H7 from contaminated chopping boards to successive ham samples 

To determine the incidence of pathogenic cell transfer after repeated contact with the same 

contaminated surface, five ham samples were successively placed on a specified contaminated region of 

the board. The result is shown in Figure 1-2. The initial inoculum size deposited onto unscratched 

chopping boards was 5.24 log cfu/coupon. With successive placements, the population of E. coli 
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O157:H7 transferred to the ham steadily decreased from 4.82 to 3.81 log cfu/ham. The TR similarly 

decreased from 27.7% to 3.9%. The same results were obtained on scratched chopping boards; from the 

first to the last ham placement, the TR reduced from 23.7% to 3.9%. The population of cells transferred to 

the ham reduced 4.78 and 4.89 log cfu/ham on unscratched and scratched boards, respectively. Similarly, 

Wachtel et al., (2003) found that E. coli transfers to pieces of lettuce successively placed on a 

contaminated surface. After contact with 5 successive ham samples, the residual cell populations were 

4.27 log cfu/coupon (9.0%) on unscratched boards and 4.88 log cfu/coupon (19.5%) on scratched boards 

(data not shown). These results indicate that once chopping boards have been contaminated by pathogen 

cells, successive food placements on the same surface may disseminate food-borne infections.  

 

 

 

 

 

Figure 2-2.Transfer rate of E. coli O157:H7 from contaminated chopping boards to 5 ham samples 

successively placed on the contaminated area. 

A: Results of transfer rate; B: Results of population of bacteria 

Ham number: 5 pieces of ham were successively placed on a contaminated region of the chopping board. 

Time of contact with contaminated surface: 1 min 

Scratched chopping boards: 5 scratches were scored using a knife 

Values are expressed as mean and SD (n=3) 
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3.6.  Effect of number of scratches on the transfer rate of E. coli O157:H7 from contaminated chopping 

boards to ham 

When used for a long period of time, chopping boards will likely become scored by knife incisions. 

The resulting scratches will complicate the surface topography, and may embed or trap bacteria, thereby 

affecting the TR. For this reason, the influence of number of scratches on the TR was investigated. 

Table1-4 shows the effect of varying scratch number on the TR of E. coli O157:H7 from contaminated 

chopping boards to ham samples. In this experiment, the TR ranged from 20.1% to26.6%, and the number 

of cells transferred to ham ranged from 5.25 log cfu/ham to 5.54 log cfu/ham. The number of scratches 

exerted no significant influence on the results. Some previous studies reported a clear correlation between 

TR and surface roughness (Dawson et al., 2007; Knobben et al., 2007); the higher the roughness, the 

lower the TR. However, consistent with our results, Flint et al.,(2000) found no relationship between 

bacterial TR and surface roughness. In the present study, the effect of scratch number on TR might have 

been attenuated by the wet surface and the relative simplicity of the scored surface. Although the number 

of scratches did not influence the TR in this study, pathogenic cells could nonetheless take refuge in the 

scratches, increasing the risk of cross-contamination. 

 

 

Table 1-4 Effect of number of scratches on transfer rate of E. coli O157:H7 from contaminated chopping boards to ham

Number of scratches Initial inoculum size Cell population in ham TR

             (log cfu/coupon)      (log cfu/ham) (%)

0 6.07±0.01 5.46±0.02 24.5±0.5

  10A 6.05±0.04 5.42±0.03 24.4±0.6

  10B 6.08±0.01 5.39±0.03 20.3±1.2

  20A 6.12±0.05 5.54±0.04 26.6±2.5

  20B 6.02±0.10 5.41±0.06 24.9±3.5

  30A 6.06±0.02 5.42±0.12 22.7±1.9

  30B 6.04±0.02 5.25±0.14 20.1±1.0

A: Parallel scratches

B: Criss-crossed scratches 

Control: Unscratched chopping boards 

Values are expressed as mean and SD (n =3)

Time of contact with contaminated surface: 1 min

Scratches were scored using a knife
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3.7.  Effect of semi-dried ham on the transfer rate of E. coli O157:H7 from contaminated chopping 

boards to ham. 

The surface of ham may loss moisture according to the keeping or producing method. Such drying 

surface might influence the TR between board and food. The influence of semi-dried ham surface on the 

TR from contaminated chopping boards to ham samples is summarized in Table 1-5. When semi-dried 

ham was placed on chopping board (0.02 ml suspension spread) surfaces, the TR of E. coli O157:H7 

increased to 34.7% and 31.5% on unscratched boards and scratched boards, respectively. This result was 

significantly higher than ham contact to board (the same as above, ham placed on suspension spread 

chopping board surface). This result is opposite to the report of Pérez-Rodríguez et al., (2007). Also, 

Sattar et al., (2001) reported an opposite result; that bacterial exchange between donor and recipient 

fabrics was enhanced when both materials were moist. Semi-dried in this study, reduced moisture of ham 

surface only, when semi-dried ham contact to the chopping boards, cell suspensions of board surface 

maybe absorbed to ham surface for supplying the moisture loss of ham, and increased bacterial 

population to ham. These results indicate that dried surfaces of food may also elevate the bacterial 

transfer rate.   

 

 

Table 1-5 Effect of semi-dried ham on the transfer rate of E. coli  O157:H7 from contaminated chopping boards to ham

                   Un-scratched chopping boards                   Scratched chopping boards

Initial inoculum size Ham TR Initial inoculum size Ham TR

 (log cfu/coupon) (log cfu/ham) (%)  (log cfu/coupon) (log cfu/ham) (%)

A 5.72±0.09 5.13±0.05 25.0±3.2 5.68±0.02 5.04±0.06 22.7±2.3

B 5.69±0.05 5.24±0.10 34.7±4.4 5.87±0.05 5.38±0.06 31.5±2.6

A: Ham placed on chopping boads as before

B: Ham semi-dried for 30 min in a clean-bench at RT and then placed on chopping boards

Scratched chopping boards: 5 scratches were scored using a knife 

values are expressed as mean and SD (n =3)

Time of contact with contaminated surface: 1 min

Moisture of ham without dried and semi-dried ham was 73% and 70%, respectivelly.
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3.8.  SEM of chopping boards 

Figure 1-3 shows SEM images of E. coli O157:H7 cells adhered to the chopping boards. Under the 

microscope, E. coli O157:H7 cells were clearly visible (A), indicating that cells on chopping boards can 

directly transfer to food. Cells mixed with milk are obscured, and possibly protected, by the milk (B). 

This image also suggests that cells mixed with milk can readily attach to chopping boards. E. coli 

O157:H7 cells clearly reside in the scratches(C) and mixed with milk (D). As shown in the images, 

significant numbers of E. coli O157:H7 cells embed in the scratches. Although such embedded cells may 

not directly contact food placed on the board surface, they may transfer to the food via mixing with liquid 

or moisture. The image of cells mixed with milk and inhabiting the scratches supports the results of Table 

1-3, in which the TR of cells mixed with milk is higher in scratched boards than in unscratched boards. 

Cells mixed with milk occupied the edge and the interior of scratches; having contacted with food, such 

cells may transfer to the food and cause food-borne diseases. Surface scratches may provide refuges for 

cells mixed with food components, enabling the cells to establish bacterial layers similar to biofilms. 

Within these layers, bacteria are more robust to cleaning and are therefore more likely to 

cross-contaminate food. 
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Figure 1-3 SEM images of E. coli O157:H7 adhered to chopping boards 

A: E. coli O157:H7 on chopping board   

B: E. coli O157:H7 mixed with milk on chopping board 

C: E. coli O157:H7 occupying the scratches on a chopping board 

D: E. coli O157:H7 mixed with milk and occupying the scratches on a chopping board  
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4.  Conclusion 

This study has investigated several factors that potentially affect the transfer rate of E. coli O157:H7 

from contaminated chopping boards to ready-to-eat ham. According to the results, transfer rate is 

significantly influenced by initial inoculum size, pressure, and surface moisture. Contaminated chopping 

boards can transfer bacteria to successive food items placed on the contaminated region. Furthermore, 

bacterial cells mixed with food components and occupying surface scratches may pose an important 

hidden problem in food safety. Clean chopping boards are crucial for food safety, since the initial 

population of pathogenic cells transferred to the food is reduced by the cleaning process. Cleaning also 

removes many of the residual cells on chopping boards that are responsible for cross-contamination. This 

results indicate that adequate cleaning of chopping boards is central to preventing food-borne diseases.  
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Chapter 2 

Effect of food residues on efficiency of surfactant disinfectants 

against food related pathogens adhered  

on polystyrene and ceramic surfaces  
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1.  Introduction 

Food-borne disease can be transmitted by surface contamination of equipment and utensils. This risk 

can be effectively reduced by washing and sterilization with a disinfection agent. A variety of disinfection 

agents are used in the food industry, such as alcoholic solutions, hypochloric solutions, and quaternary 

ammonium compounds(QACs). QACs are cationic biocides that have been widely used in both the food 

and medical fields (Krysinskiet al., 1992; Sundheim et al., 1998). The QAC benzalkonium chloride 

(BAC) and the amphoteric surfactant alkyldiaminoethylglycine hydrochloride (AGH) are extensively 

used to sterilize the surfaces of equipment used in the food industry and medical devices used in 

nosocomial environments(Adair et al.,1969;Kawamura-Sato et al.,2010;Marpleet al., 2004;Pernak et al., 

1999). 

Bacterial attachment to surfaces and biofilm formation are well recognized in a variety of environments 

(Carpentier & Cerf, 1993). Biofilm presence on equipment can lead to hygiene problems and productive 

and economic loss (Bremer et al., 2006; Verran&Jones,2000).Adhesion and biofilm development of 

pathogenic microorganisms, and bacterial resistance, can reduce the effectiveness of disinfection 

agents(Frank &Koffi, 1990).The tolerance of biofilms formed by Stapylococcus aureus, Bacillus cereus 

spores, and Pseudomonas aeruginosa has been widely reported (Landry et al., 2006; Lindsay et al., 2006; 

Saá Ibusquiza et al., 2011; Salgado, 2003). 

Some reports (Barker et al., 2000; Scott et al., 1982) have indicated that biofilms form most frequently 

in domestic environments. Since many food containers and utensils are constructed from plastic and 

ceramic, cleaning these surfaces is a vital part of food safety. This study investigates ways of reducing 

bacterial adhesion to plastic and ceramic surfaces, and its associated risks. The objective of the study was 

to clarify (1) the effectiveness of BAC and AGH on actively growing cells, (2) the importance of washing 

to avoid bacterial adhesion to the surfaces of plastic and ceramic dishes, (3) the effectiveness of BAC and 

AGH on B. cereus spores. 
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2.  Materials and Methods 

 

2.1.  Preparation of bacterial strains  

The organisms used in this study were Escherichia coli O26: HNM (VTI), P. aeruginosaIAM1514, S. 

aureus IAM 12544 and B. cereusIAM12605 (vegetative cells and spores). Each strain was inoculated into 

5 ml Trypto-soya broth (TSB, Nissui Pharmaceutical Co., Tokyo, Japan) and incubated at 37 °C with 

shaking(120 rpm) for 18 h. Cells were collected by centrifugation (2000 × g) for 10 min at RT (room 

temperature), and re-suspended twice in5 ml phosphate-buffered saline(PBS, 0.31 mmol/l, pH 7.2). B. 

cereus spores were prepared as follows: B. cereus cells were cultivated in TSB and incubated at 37 C for 

2 weeks, then collected by centrifugation (2000 g for 10 min at RT), washed with PBS and re-suspended. 

Vegetative cells were killed by heating at 90 °C for 10 min; the spores were stored at -20 °C for further 

use. 

 

2.2.  Chemicals and samples 

Benzalkonium chloride (BAC, 10% solution), alkyldiaminoethylglycine hydrochloride(AGH, 40% 

solution), soluble starch and BSA (bovine serum albumin) were purchased from Wako Pure 

Chemical(Osaka, Japan). The neutralized detergent (AES, alkyl ether sulfuric acid ester sodium)was 

purchased from Kao Corporation (Tokyo, Japan). Food samples, namely, UHT (ultra-high 

temperature-treated) milk, salad oil (Nisshin Oillio Group. Co., Ltd., Tokyo, Japan), frozen beef (sliced 

from the outside) and tuna meat, were purchased from a local market (Nonoichi, Japan). Beef and tuna 

gravies were prepared from the same volumes of the meat and distilled water (50% gravies). These 

gravies were mixed and then centrifuged at 2000 g for 10 min at RT.  

 

2.3.  Preparation of dishes 
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The plastic dishes (diameter: 5 cm, highs: 15 mm; polystyrene, sterilized by ethylene oxide gas) were 

purchased from As One Co., Ltd. (Osaka, Japan). The ceramic dishes were purchased from a local shop, 

brushed for1 min and autoclaved for 15 min at 121 °C prior to experiment.   

 

2.4.  Preparation of bacterial adhesion and treatment of BAC and AGH 

The strain suspensions (approximately 8–9 log cfu/ ml) were mixed with the same volumes of distilled 

water (DW), salad oil (5%), starch (5%), BSA (5%), milk, 50% beef gravy and 50% tuna gravy.  0.01 ml 

of each suspension was placed on the centers of the plastic and ceramic dishes, then dried and adhered 

with ventilation (20 m³/min) for 90min at RT in the bio-clean bench (SCB-1300B, Shimadzu Rika 

Instrument, Tokyo, Japan). The dried spot was approximately5 mm in diameter. To determine the effects 

of BAC and AGH, the adhered cells were covered with 0.1 ml of BAC and AGH solutions (0, 0.5, 1.0 and 

2.0 mg/ml) for 10 min at RT. Next, 5 ml of PBS was added, and the cells were emphatically brushed for 

30 s using cotton swabs (for microbial tests, Nissui Pharmaceutical Co., Tokyo, Japan). The suspensions 

(1 ml) were serially diluted 10-fold with 9 ml PBS, immediately plated onto Trypto-soya agar (TSA, 

Nissui Pharmaceutical Co.) and incubated at 37 °C for 48 h. 

 

2.5.  Washing treatment combined with BAC and AGH treatment  

0.01 ml volumes of each cell suspension were placed in the centers of the plastic and ceramic dishes as 

described above. Six consecutive treatment steps were implemented: Step (A): pre-drying; Step (B): 

drying in a bio-clean bench for90 min with ventilation (20 m³/min); Step (C): gently washing twice with 4 

ml sterilized DW, decanting the DW after each wash; Step (D): infusing the dish with 4 ml AES (0.25 

mg/ml) for 10 min, decanting the AES, then gently washing the dish with 10 ml DW (D1). A similar 

treatment without AES was implemented by gently washing the dish with 4 ml sterilized DW, then 

decanting the DW (D2); Step (E): treating the dish with 1 ml BAC or AGH (0.5 mg/ml) for 10 min; Step 
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(F): rinsing with 4 ml DW. Following each step of the treatment, the microorganisms that had survived 

the treatment and had grown on the TSA were counted. 

 

2.6.  Image of bacteria adhered on plastic dishes by SEM 

Bacterial suspensions mixed with milk and PBS were placed on the plastic dishes in the bio-clean 

bench and dried for 90 min at RT. The plastic dishes with the adhered bacterial cells were cut by 

autoclaved scissors into plastic squares, approximately 6 mm × 6 mm in size. Specimens were coated 

with platinum by ion sputtering (Hitachi Ion Sputter E-1010, Hitachi Co., Tokyo, Japan) and observed 

under a field emission Scanning Electron Microscope (SEM; Hitachi S-4700, Hitachi Co.) operating at 

15kV. 

 

2.7.  Statistical analysis 

All experiments were performed in triplicate. Data of surviving cells on the plastic and ceramic dishes 

were expressed as the mean and SD of log cfu/dish. Statistical analysis was conducted using the software 

EXCEL Statistic 5.0 (Esumi Co., Ltd., Tokyo, Japan). Differences were assessed by one-way ANOVA. 

Individual means were compared by Student`s t-test or Duncan`s multiple-range test. Significant 

differences were defined as p< 0.05. 
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3.  Results  

 

3.1.  Images of bacterial cells adhered on plastic surfaces by crystal violet staining 

At first, it has been observed for bacterial adhesion state on the plastic surface using 96 wells plate by 

crystal violet staining (Figure 2-1). E. coli O26 were gathered on the plastic surface, cells of S. aureus and 

P. aeruginosa were evenly distribute on the plastic surface. Cells of P. aeruginosa gathered and form a 

multi-layer may form biofilm (arrow). Also, cell population of S. aureus and P. aeruginosa were more 

than that of E. coli O26. Cells of B. cereus (vegetable cells) seemed hard to adhered on plastic surface. As 

the results showed in washing treatment, after washing twice, cells of E. coli O26, S. aureus and P. 

aeruginosa dried with distilled water were still detected but B. cereus were not found.  

 

 

E. coli Stap. aureus

Ps. aeruginosa B. cereus
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Figure 2-1.Images of bacterial cells adhered on plastic surfaces by crystal violet staining 

 

3.2.  Effect of BAC and AGH on strains dried with organic components on a plastic dish surface  

Table2- 1 shows the effect of BAC on strains dried with organic components on the surfaces of the 

plastic dishes. In the absence of BAC, B.cereus cells were present in fewer numbers than those of the 

other strains. Following treatment with 0.5 mg/ml BAC, P. aeruginosa and S. aureus cells dried with 

organic components failed to grow on the TSA plates. Other studied strains mixed with DW (before 

drying) and dried with salad oil were also absent on the TSA plates following 0.5 mg/ml BAC treatment. 

E. coli O26 cells dried with BSA and starch were not detected following 1.0 mg/ml BAC treatment. 

Treatment with 2.0 mg/ml BAC prevented the growth of B. cereus cells dried with starch. 
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Conversely, all of the investigated strains showed greater resistance to AGH (administered for 10 min) 

than to BAC (Table 2-2). E. coli O26 cells dried with starch and P. aeruginosa cells dried with salad oil 

grew on TSA following treatment with 2.0 mg/ml AGH. Under this treatment, only B. cereus failed to 

grow when dried with any of the organic components. Among the studied strains, S. aureus showed the 

greatest resistance to AGH; S. aureus cells dried with DW, BSA and starch were reduced by 3.73, 3.42 

and 2.95 log cfu/dish, respectively, following treatment with 2.0 mg/ml AGH.  

 

Table 2-1  Effect of BAC on strains dried with organic components on a plastic dish surface(log cfu/dish)

BAC concentration  Before drying                                            Dried with

Bacterial strains (mg/ml)  DW    DW    BSA    Starch   Salad Oil

E. coli  O26 0 7.77±0.11 6.59±0.13 8.14±0.11 a 7.45±0.18 a 5.81±0.01

0.5 NG NG 3.99±0.13 b 5.29±0.21 b NG

1.0 NG NG NG NG NG

2.0 NG NG NG NG NG

P. aeruginosa 0 8.71±0.03 7.47±0.11 5.03±0.16 7.05±0.18 5.97±0.29

0.5 NG NG NG NG NG

1.0 NG NG NG NG NG

2.0 NG NG NG NG NG

S. aureus 0 7.54±0.18 6.51±0.28 7.02±0.11 7.32±0.30 5.03±0.29

0.5 NG NG NG NG NG

1.0 NG NG NG NG NG

2.0 NG NG NG NG NG

B. cereus 0 7.09±0.14 5.52±0.11 a 4.80±0.14 5.43±0.15 a 3.93±0.20

0.5 NG 2.54±0.21 b NG 4.53±0.08 b NG

1.0 NG NG NG 2.78±0.12 c NG

2.0 NG NG NG NG NG

Cell suspensions (0.01 ml) were placed on a plastic dish surface and dried for 90 min

Values are mean and SD (n =3)

DW, distilled water; NG; not grown (<2.0)

BAC treatment for 10 min
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3.3.  Effect of BAC and AGH on strain cells dried with milk, beef gravy and tuna gravy on a plastic dish 

surface  

Table 2-3 summarizes the effect of BAC on cells dried with milk, beef gravy and tuna gravy on the 

plastic dishes. The populations of cells dried with milk were higher than those of cells dried with tuna or 

beef gravy. Although B. cereus spores displayed the lowest population numbers among the studied strains, 

they showed strong resistance to BAC. Spores dried with milk were reduced only by 0.39 log cfu/dish 

following treatment with 2.0mg/ml BAC. P. aeruginosa was also strongly resistant to BAC. Populations 

Table 2-2  Effect of AGH on strains dried with organic components on a plastic dish surface(log cfu/dish)

AGH concentration  Before drying                                            Dried with

Bacterial strains (mg/ml)  DW    DW    BSA    Starch   Salad Oil

E. coli  O26 0 7.74±0.14 a 6.59±0.13 a 8.01±0.02 a 7.56±0.12 a 5.73±0.56 a

0.5 50.5±0.03 b 5.44±0.05 b 6.85±0.49 b 7.31±0.24 a 5.01±0.14 a

1.0 NG NG NG 6.84±0.02 b  NG

2.0 NG NG NG 6.47±0.25 b NG

P. aeruginosa 0 8.63±0.05 a 7.55±0.24 4.97±0.01 6.91±0.16 a 5.82±0.04 a

0.5 5.85±0.53 b NG NG 5.56±0.06 b 5.51±0.09 b

1.0 4.55±0.21 c NG NG NG 5.26±0.26 b

2.0 NG NG NG NG 4.16±0.11 c

S. aureus 0 7.68±0.09 a 6.62±0.03 a 7.13±0.14 a 7.41±0.09 a 4.94±0.08 a

0.5 4.36±0.05 b 4.48±0.12 b 6.12±0.32 b 7.01±0.05 b 3.12±0.17 b

1.0 3.94±0.11 c 3.59±0.17 c 5.76±0.40 b 6.79±0.06 b NG

2.0 NG 2.89±0.42 d 3.71±0.26 c 4.46±0.08 c NG

B. cereus 0 7.18±0.01 5.48±0.10 4.80±0.14 5.46±0.04 a 4.08±0.12 a

0.5 NG NG NG 4.48±0.13 b 3.42±0.25 b

1.0 NG NG NG NG 3.08±0.30 b

2.0 NG NG NG NG NG

Cell suspensions (0.01 ml) were placed on a plastic dish surface and dried for 90 min

Values are mean and SD (n =3)

DW, distilled water; NG; not grown (<2.0)

AGH treatment for 10 min
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of E. coli O26,S.aureus and B. cereus were reduced but remained above the detection limit. 

Administration of 2.0 mg/ml BAC to S. aureus cells dried with milk and gravies reduced their populations 

by less than 3 log cfu/dish. Under the same treatment, the populations of E. coli O26 dried with beef and 

tuna gravies were reduced by about 5.07 and 4.50 log cuf/dish, respectively, while B. cereus dried with 

milk, beef gravy and tuna gravy was reduced by more than 3 log cfu/dish. These strains (E. coli O26 and 

B. cereus) were much more sensitive to BAC than the other strains in this study.   
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AGH exerted less bactericidal effect than BAC on strains dried with milk, beef gravy and tuna gravy 

(data not shown). Under AGH treatment, the population reduction was judged to be insignificant. 

Especially, cells of all strains dried with milk were reduced by less than 1 log cfu/dish following 2.0 

mg/ml AGH treatment. As found for BAC, P. aeruginosa and B. cereus spores were more resistant to 

AGH than the other strains.  

 

Table 2-3  Effect of BAC on strain cells dried with milk,beef gravy and tuna gravy on a plastic dish surface (log cfu/dish)

BAC concentration Dried with

Bacterial strains (mg/ml) Milk Beef gravy Tuna gravy

E. coli O26 0  9.32±0.02 a 9.25±0.02 a 9.24±0.02 a

0.5 8.81±0.10 a 7.29±0.59 b 7.95±0.29 b

1.0   8.33±0.14 ab 6.83±0.30 b 6.96±0.30 c

2.0 7.36±0.35 b 4.18±0.43 c 4.74±0.42 d

P. aeruginosa 0 8.13±0.10 a 7.23±0.07 a 7.53±0.03 a

0.5 7.99±0.01 b 7.11±0.10 a 7.48±0.04 a

1.0 7.88±0.03 b 6.58±0.26 b   7.32±0.02 ab

2.0 7.78±0.02 c 5.40±0.32 c 6.51±0.07 b

S. aureus 0 8.77±0.01 a 8.29±0.03 a 8.33±0.14 a

0.5 8.49±0.01 a 6.24±0.18 b 7.43±0.12 b

1.0 7.52±0.22 b 5.97±0.04 c 6.32±0.32 c

2.0 6.92±0.02 b 5.80±0.12 c 5.55±0.21 d

B. cereus 0 6.71±0.01 a 6.29±0.12 a 6.85±0.05 a

0.5 5.46±0.17 b 5.11±0.41 b 6.52±0.06 a

1.0 4.59±0.32 c 3.70±0.30 c 5.99±0.28 b

2.0 3.45±0.21 d 3.16±0.10 c 3.55±0.21 c

B. cereus  spores 0 4.92±0.03 a 4.83±0.03 a 4.87±0.01 a

0.5 4.89±0.28 a 4.54±0.21 a 4.29±0.04 b

1.0 4.78±0.12 a   4.06±0.06 ab 3.78±0.12 c

2.0 4.53±0.13 b 3.44±0.17 b 3.63±0.33 c

Cell suspensions (0.01ml) were placed on a plastic dish surface and dried for 90 min

Values are mean and SD (n =3)

BAC treatment for 10 min
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3.4.  Effect of washing treatment combined with BAC and AGH treatment on cells dried with milk on the 

surfaces of plastic and ceramic dishes 

Table 2-4 summarizes the effect of washing treatment combined with BAC and AGH treatment on cells 

dried with milk on the surfaces of the plastic dishes. Following the washing step (step D2) and 0.5 mg/ml 

BAC treatment (step E1, E2) for 10 min, both E. coli O26 and S. aureus cells dried with milk failed to 

grow. Although cells of E. coli O26 and S. aureus were still detected after AGH (step E3, E4) treatment, 

cells were not found after rinsing. B. cereus spores were similarly not detected following the washing 

treatment. In this study, B. cereus spores were considered to be more resistant than their cellular 

counterparts. The washing step also eliminated P. aeruginosa cells (data not shown).  

 

 

Table 2-4  The effect of washing and surfactant treatment on strains dried on a plastic dish surface

      on the plastic dish       on the plastic dish       on the plastic dish

   E. coli O26 dried with     S. aureus  dried with B. cereus  spores dried with

washing process DW Milk DW Milk DW Milk

A: Before drying 8.09±0.12 7.99±0.13 4.89±0.08

B: After drying 7.11±0.02 8.43±0.21 5.39±0.20 8.22±0.06 4.21±0.02 4.72±0.07

C: After water washing twice 5.46±0.42 8.18±0.05 4.99±0.22 8.01±0.16 3.02±0.21 3.49±0.02

D1: C+washing treatment 4.87±0.22 6.28±0.12 4.88±0.36 7.86±0.01 NG 3.15±0.05

D2: C+detergent treatment NG 5.94±0.11 NG 4.92±0.01 NG NG

BAC and AGH treatment

E1: D1+0.5 mg/ml  BAC (1ml) 10min NG NG NG NG NG NG

E2: D2+0.5 mg/ml  BAC (1ml) 10min NG NG NG NG NG NG

E3: D1+0.5 mg/ml  AGH (1ml) 10min NG 5.84±0.20 NG 6.09±0.10 NG NG

E4: D2+0.5 mg/ml  AGH (1ml) 10min NG 4.40±0.08 NG 4.02±0.09 NG NG

F: E3+water rinsing NG NG NG NG NG NG

G: E4+water rinsing NG NG NG NG NG NG

Cell suspensions (0.01ml) were placed on a plastic dish surface and dried for 90 min

Values are mean and SD (n =3)

DW, distilled water; NG; not grown (<2.0)

D2: 0.285mg/ml alkyl ether sulfuric acid ester sodium treatment for 10 min
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The effects of washing treatment combined with BAC and AGH on the ceramic dish surfaces are 

presented in Table 2-5. Following washing combined with0.5 mg/ml BAC (step E1, E2), neither E. coli 

O26 nor S. aureus cells dried with milk were detected on the plates. Similarly, the rinsing step prevented 

the survival of cells treated with 0.5 mg/ml AGH. After washing with detergent, no B. cereus spores were 

detected. Similar results were obtained for the ceramic dishes.  

 

 

 

The effects of washing treatment combined with BAC and AGH on scratched plastic surfaces are 

showed in Table 2-6. After washing treatment, cells of E. coli O26 were reduced gradually on scratched 

plastic surface. After 0.05% BAC treatment (step E1, E2), population of cells on scratched surface were 

Table 2-5  The effect of washing and surfactant treatment on strains dried on a plastic dish surface

        on the plastic dish         on the plastic dish        on the plastic dish

     E. coli O26 dried with       S. aureus  dried with B. cereus  spores dried with

washing process DW Milk DW Milk DW Milk

A: Before drying 8.27±0.01 7.82±0.11 4.93±0.04

B: After drying 6.11±0.05 8.43±0.21 5.63±0.33 7.87±0.04 4.71±0.02 4.58±0.13

C: After water washing twice 5.51±0.21 8.17±0.02 5.19±0.42 7.12±0.04 NG 4.24±0.01

D1: C+washing treatment 3.93±0.08 7.69±0.39 4.42±0.21 7.07±0.14 NG 4.17±0.04

D2: C+detergent treatment NG 6.80±0.23 3.93±0.01 5.68±0.12 NG NG

BAC and AGH treatment

E1: D1+0.5 mg/ml  BAC (1ml) 10min NG NG NG NG NG NG

E2: D2+0.5 mg/ml  BAC (1ml) 10min NG NG NG NG NG NG

E3: D1+0.5 mg/ml  AGH (1ml) 10min NG 6.51±0.06 NG 5.38±0.03 NG NG

E4: D2+0.5 mg/ml  AGH (1ml) 10min NG 5.80±0.03 NG 4.81±0.14 NG NG

F: E3+water rinsing NG NG NG NG NG NG

G: E4+water rinsing NG NG NG NG NG NG

Cell suspensions (0.01ml) were placed on a plastic dish surface and dried for 90 min

Values are mean and SD (n =3)

DW, distilled water; NG; not grown (<2.0)

D2: 0.285mg/ml alkyl ether sulfuric acid ester sodium treatment for 10 min
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not found. Cells could found after washing and 0.05% AGH treatment (step E3), even after rinsing (step 

F), E. coli O26 cells were still detected on the scratched surface. This result indicated scratched plastic 

surface was difficult to sterilize and the risk of scratched surface should be notice. On the other hand, 

after AGH combined with neutralized detergent treatment (step E4), cells were not found on the scratched 

plastic surface, this result showed washing effect of neutralized detergent was better than washing with 

water. Scratched plastic surface washing by neutralized detergent could get a better washing effect. 

 

 

 

Figure 2-2 shows SEM images of bacterial cells adhered to the plastic dishes. Under the microscope, 

cells of strains dried with PBS were clearly visible, and easily distinguishable from salt crystals. By 

Table 2-6  Effect of washing and surfactant treatment on E. coli O26 dried on unscartched and scratched plastic surfaces

E. coli  O26 dried with milk E. coli  O26 dried with milk

washing process on unscratched plastic surface on scratched plastic surface

A: Before drying 8.90±0.09 8.34±0.06

B: After drying 8.40±0.21 7.93±0.24

C: After water washing twice 8.28±0.05 7.23±0.27

D1: C+washing treatment 6.28±0.12 6.59±0.32

D2: C+detergent treatment 5.94±0.11 5.94±0.49

BAC and AGH treatment

E1: D1+0.5 mg/ml  BAC(1ml) 10min NG NG

E2: D2+0.5 mg/ml  BAC(1ml) 10min NG NG

E3: D1+0.5 mg/ml  AGH(1ml) 10min 5.84±0.20 5.46±0.15

E4: D2+0.5 mg/ml  AGH(1ml) 10min 4.40±0.08 NG

F: E3+water rinsing NG 3.27±0.04

G: E4+water rinsing NG NG

Cell suspensions (0.01ml) were placed on a ceramic dish surface and dried for 90 min

Values are mean and SD (n =3)

DW, distilled water; NG; not grown (<2.0)

D2: 0.285mg/ml alkyl ether sulfuric acid ester sodium treatment for 10 min

5 criss-crossed scratches were scored using a knife
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contrast, cells of strains dried with milk were not clearly observed because they were obscured by milk, 

and therefore could not be discriminated from salt crystals.   

 

 

 

Figure 2-2. Image of bacteria adhered on plastic dishes by SEM 

A E. coli O26 dried with 0.85% salt water; 

B B. cereus dried with 0.85% salt water; 

C E. coli O26 dried with milk; 

D B. cereus dried with milk. 
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4. Discussion 

This study assessed the effects of BAC and AGH on several pathogenic strains that adhered to the 

surfaces of plastic and ceramic surfaces. Organic components and food residues are known to protect 

bacteria from heat or detergents (Kusumaningrum et al., 2002; Line et al., 1991). They also provide 

nutrients for bacteria and are potential sources of cross-contamination to utensils (Sta˚hlet al., 2004). 

According to Rusell (1992), organic layers can prevent chemicals from reaching the cytoplasm of the 

cells. In this experiment, strains were mixed with DW, starch, BSA and salad oil, followed by drying. 

Treatment with BAC at commonly-used concentrations (0.5–2.0 mg/ml) effectively prevented the growth 

of pathogenic cells adhered to plastic surfaces in the presence of organic compounds (Table 1). Similarly, 

Houari & Martino(2007) found that typical concentrations of BAC inhibit biofilm formation of various 

bacterial cells. However, with the exception of B. cereus, strains dried with organic components were 

highly resistant to 2.0 mg/ml AGH (Table 2). Under this treatment, P. aeruginosa dried with salad oil and 

E. coli O26dried with starch were both reduced by less than 2 log cfu/dish. Following treatment with 2.0 

mg/ml with AGH, the population of S. aureus were reduced by approximately 3 log/dish. As revealed in 

Table 2, AGH exerted much smaller bactericidal effect on the studied strains than BAC, when the strains 

were dried with organic component and adhered to plastic surfaces. 

Conversely, biofilm formation largely blocked the penetration of both BAC and AGH into the 

pathogenic cells in this study. At high concentration (2.0 mg/ml), neither agent reduced the populations of 

cells dried with milk, beef gravy and tuna gravy to low levels on the plastic surfaces (Table 3). The same 

strains dried with milk, beef gravy and tuna gravy adhered to stainless surfaces are similarly resistant to 

BAC (Kuda et al., 2008). Wirtanenet al. (1996) reported that detergent exerts limited cleansing effect on 

surface biofilms. In the present study, the greatest resistance was exhibited by P. aeruginosa, whose 

resistance to BAC has been previously reported (Sakagami et al., 1989). Other reports have shown that 

pathogens are BAC-resistant in the following order: P. aeruginosa>E. coli>S. aureus (Reuda et al., 2003). 
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In our study, consistent with the results of Heinzel (1998), B. cereus spores were also highly resistant to 

BAC and AGH treatments. 

E. coli has demonstrated resistance to some sanitizers (Sundheim et al., 1998). The most sensitive 

organism in our study was B. cereus, consistent with the report of Fazlara & Ekhtelat (2012).Although 

many studies have found that BAC is more effective against Gram positive than Gram negative 

bacteria(Brill et al., 2006; Fazlara, A., &Ekhtelat, M. 2012), our results suggest otherwise. We further 

found that while AGH reduces the populations of the studied strains adhered to solid surfaces, it is much 

less effective than BAC administered at the same concentration, as also reported by Kajiuraet al., (2001) 

and Shimizu et al., (2002).  

In strains exposed to the washing treatment (Tables 2-4 and 2-5), we found no significant differences 

between adhesion to plastic and ceramic surfaces. E. coli O26 and S. aureus dried with DW, B. cereus 

spores, P. aeruginosa and B. cereus dried with DW and milk were eliminated by the washing step, even 

without BAC or AGH treatment (Table 2- 4). Following the washing treatment plus 0.5 mg/ml BAC(step 

E1, E2), E. coli O26 and S. aureus dried with milk failed to grow, but washing plus the same 

concentration of AGH (step E3, E4) yielded viable cells of both strains. E. coli O26 and S. aureus 

subjected to rinsing followed by 0.5 mg/ml AGH were not detected. However, 0.5 mg/ml BAC and AGH 

treatment without washing exerted negligible effect on cells dried with milk (Table 2-3). Since milk is 

rich in protein, carbohydrates, phosphatide and fat, milk-coated bacterial surfaces will be largely 

protected from the disinfectant. Cells of E. coli O26 dried with milk on scratched plastic surface were 

hard to sterilized (Table 2-6). After washing by water and 0.05% AGH treatment, plus rinsing (F), cells 

were still found, and cells were not detected by neutralized detergent combined with 0.05% AGH (G). 

Cells hide in the scratches on surface could be a risk to food safety.  

The above results suggest that the populations of bacterial cells dried with PBS are markedly reduced 

following disinfectant treatment plus washing. However, the same disinfectants (BAC and AGH) without 
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washing did not affect the growth of bacterial cells dried with milk. The washing treatment likely 

re-dissolved the milk particles and removed them, enabling the disinfectants to penetrate the exposed 

bacterial cells and thereby exert their sterilizing effect. 

From the SEM images and the results of Tables 2-4 and 2-5, we can infer that once the food residues 

have been washed away, the exposed bacterial cells become vulnerable to the sterilizing effects of the 

disinfectants. This result confirms the importance of washing in the food industry. Food residues can 

prevent surfactant disinfectants from penetrating the interiors of cells, but can be removed by washing. 

The beneficial effect of washing concurs with the results of Kuda et al. (2008). Similarly, Peng et al. 

(2002) reported that rinsing reduced the numbers of B. cereus cells in biofilms by 4.5 log cfu/chip. A 

greater than 5-log reduction in B. cereus numbers was achieved after subjecting contaminated eating 

utensils to washing plus minimal concentrations of sanitizers (Lee et al., 2007). These studies suggest the 

importance of adequate washing with detergents during food processing. This suggestion is consistent 

with the reports of Barker et al. (2003) and Wirtanen et al. (1996).       

Swabbing is one of the methods for the detachment of bacterial cells from biofilm (Gibson et al., 1999; 

Holahet al., 1988;Moltz et al.,2005;Vorst et al., 2004) and used in this study. Other methods, such as 

vortexing with glass beads (Stopforth et al., 2002; Trachoo & Frank, 2002; Zhao et al., 2004) and 

sonication (Chavant et al., 2004) can damage the cells and obscure the effects of the disinfectant. Pan et al. 

(2006) reported no obvious correlation between the presence of aggregates and the sampling time or 

treatment conditions following swab detachment. 

In conclusion, this study reveals that high concentrations of BAC and AGH may effectively reduce 

adhesion of pathogens to plastic and ceramic surfaces. In particular, these surfaces could be effectively 

sterilized by BAC and AGH treatment plus washing. We advocate washing and rinsing prior to and 

following sterilization, respectively, as important steps in meeting the strict sterilization requirements of 

food safety. Also, the cells on scratched plastic surface were hard to sterilized and cells in scratches could 
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be a risk to food safety and should be noticed.  
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Conclusion 

 

Chapter 1 studied the transfer rate (TR) of E. coli O157:H7 from chopping boards coupons to 

ready-to-eat ham. The significant influence factors to TR includes initial inoculum size, pressure on ham, 

and semi-dried surface of ham. The higher the initial inoculum size, the higher the TR. TR of initial 

inoculums size of 10
8
cfu/coupon was 32.3% and 34.5% on un-scratched boards and scratched boards, 

respectively, higher than TR of lower initial inoculums size. When pressure increased to 70g/cm
2
, the TR 

increased two times than no-pressure on ham. Also, TR of semi-dried surface of ham was higher than ham 

without drying. The influence of number of scratches and contacting time in this study, did not affect the 

TR significantly. Similarly, same experiment on scratched (5 scratches) and un-scratched chopping boards 

were found no significant to TR. Ham attached on the same contaminated place of chopping boards in 

succession also caused bacteria transfer. According to the image of SEM, food component mixed with 

bacteria hide in scratches also affect the TR and could be a risk factor for food safety. These results 

indicated cleaning of chopping boards is important during food process and could reduce the risk of 

food-borne disease caused by cross-contamination. 

 

Chapter 2 investigates the effect of food residues (milk, beef gravy and tuna gravy) on the bactericidal 

efficiency of benzalkonium chloride (BAC) and alkyldiaminoethylglycine hydrochloride (AGH). Test 

bacteria ( E. coli O26, S. aureus, P. aeruginosa, B. cereus and B. cereus spore) were mixed with food 

element (starch, salad oil and BSA ) and food components ( milk, beef gravy and tuna gravy) dried on 

plastic surfaces for 90 min, then treated with BAC and AGH in different concentration (0.05%, 0.10% 

and 0.20%). Bacteria mixed with water, starch, salad oil and BSA after treatment by 0.20% BAC were not 

detected on the TSA plates. AGH could reduced bacteria dried on plastic surface but still found after treat 
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to E. coli O26 mixed with starch and P. aeruginosa mixed with salad oil. S. aureus showed great 

resistance to AGH. BAC showed higher disinfecting effect on studied strains than AGH in the same 

concentration, but these two surfactant disinfectants were not found sterilization effect to studied strain 

mixed with milk, beef gravy and tuna gravy. After combination treatment with proper washing process, 

bacterial cells were not found on the dishes surfaces. These results showed the importance of washing in 

food safety, and surfactant disinfectants following with washing could reduce the risk of 

cross-contamination. 

 

This research evaluated the risk of contaminated plastic surface in food process and in food safety. 

Bacteria adhered on chopping boards surface could transfer to food with a low inoculums size and at a 

very short time. The TR between scratched and un-scratched boards surface was insignificant in this study, 

but food component mixed with bacteria could hide in the scratches and made them difficult to clean. 

Higher initial inoculums size and higher pressure caused higher TR, bacteria on the same contaminated 

place could transfer to ham in succession. These results suggested plastic surface used in food process or 

kitchen need adequately clean and sterilize. After BAC or AGH treatment, bacteria dried on plastic 

surface were reduced to a low level but still detected. The protein and lipid rich food residues protected 

the bacterial cells from dehydration and from the adverse effects of disinfectants, although bacterial 

numbers were decreased after drying and the surfaces were clearly sterilized after disinfectant treatment 

at typical concentrations (0.5%– 2.0%) for 10 min. Following general and proper washing processes, the 

bactericidal effect of the disinfectants became clearly visible.   

In conclusion, chopping boards contaminated by pathogen bacterial cells could transfer to food by 

contacting and cause food-borne illness. Even a very low initial inoculums size or very short contacting 

time could cause the transfer. Bacterial cells hide in the scratches on chopping boards could also transfer 

to food. BAC and AGH used in this study could reduce the bacterial cells, but when cells mixed with milk, 
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meat gravy and tuna gravy dried on plastic surface, the effect of BAC and AGH on cells adhered on 

plastic surface (unscratched) were not significantly found, combination with washing and neutralized 

detergent treatment could reach the sterilization require. On scratched plastic surface, after washing 

treatment and AGH treatment, cells still could found. This result indicated scratches on plastic surface is 

an important risk to food safety and should be noticed. 
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