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Abstract

This study investigates bacterial contamination on forks made of wood, plastic, and metal,
collected from restaurants in Vancouver. Using sterile techniques, fork surfaces were swabbed
and cultured on low-nutrient water agar plates, followed by incubation at 37°C for 48 hours.
Colony counts were quantified to assess microbial contamination, and statistical analyses were
performed to compare levels across materials. The results revealed significant differences: metal
forks exhibited the highest colony counts, plastic forks showed moderate contamination, while
wooden forks unexpectedly had the lowest bacterial presence. This surprising finding may be
attributed to the natural antimicrobial properties of wood or differences in handling and cleaning
practices at the sampled establishments. These results underscore the critical role of utensil
materials and cleaning protocols in maintaining hygiene. The study highlights the need for
targeted cleaning strategies and material selection to reduce bacterial contamination, ultimately
improving food safety standards in restaurant environments.

Introduction

Utensil hygiene is a cornerstone of public health, particularly in mitigating the spread of

foodborne illnesses. Utensils, especially forks, play a critical role in food safety due to their direct

contact with food, yet they are often overlooked in hygiene protocols (Scott and Bloomfield,

1990). Materials used to make forks—wood, plastic, and metal—vary significantly in their

capacity to harbor bacteria. Porous materials like wood can trap bacteria within their structure,

making them harder to clean, while non-porous surfaces like plastic and metal generally resist

bacterial retention when cleaned effectively (Translated by Content Engine LLC, 2023).

However, even non-porous materials like stainless steel may retain bacteria under improper

cleaning protocols, as seen in prior studies (Kusumaningrum, 2003).



Research has demonstrated that bacterial contamination is influenced by factors such as surface

properties, cleaning methods, and frequency of use (Yoon et al., 2008). Metal utensils may

benefit from antimicrobial properties, such as the ability of silver and other metals to inhibit

bacterial growth (Morones-Ramirez et al., 2013). In contrast, disposable wooden utensils are

often perceived as being less hygienic due to their porous nature, which could provide a

hospitable environment for microbial growth if not handled or disposed of properly (Translated

by Content Engine LLC, 2023). Despite these assumptions, the relationship between utensil

material and bacterial contamination levels remains underexplored in real-world dining settings.

This study aims to quantify and compare bacterial contamination levels on forks made of wood,

plastic, and metal collected from Vancouver restaurants. We hypothesize that wooden forks will

exhibit the highest contamination due to their porous structure, followed by metal forks, which

are reused frequently, and plastic forks, which are smoother and often disposable. By leveraging

insights from prior studies on utensil contamination and cleaning protocols, we aim to provide

actionable recommendations for improving hygiene standards in food service establishments

(Christison et al., 2007; Yoon et al., 2008).

Methods

Sample Collection. Forks were sampled from six Vancouver restaurants, including two that

provided reusable metal utensils and four that used disposable utensils made of plastic or wood.

For each restaurant, 3 samples were collected for each utensil type to ensure reliability. Using

sterile swabs, the front, back, and prongs of each fork were swabbed a total of 14 times in a

consistent motion to ensure uniform coverage. To avoid contamination, no contact was made with

the swabbing area before or during sampling. Each swab was placed in a sterile collection tube



labeled with the restaurant name, utensil type, and time of collection. Samples were transported

to the laboratory within one hour to preserve bacterial viability, with transportation times

recorded for quality control.

Bacteria Culturing. In the laboratory, swabs were streaked onto low-nutrient water agar plates

under sterile conditions using an alcohol-flamed inoculation loop to prevent contamination.

Plates were labeled with sample collection details, including the restaurant name, utensil type,

and date, then incubated upside down at 37°C for 48 hours. This incubation period was chosen to

optimize bacterial growth while minimizing overgrowth. Plates were inspected daily to monitor

colony formation and were counted for each plate. Morphological characteristics of colonies,

such as size, shape, and color, were recorded to assess bacterial diversity. Photographs of the

plates were taken at regular intervals to visually document the progression of bacterial growth.

Data Collection. Colony counts were recorded daily for each plate, with a final count taken after

48 hours when bacterial growth stabilized. Observations included notable differences in colony

morphology among utensil types, such as variations in size, shape, and color. All data entries

were meticulously labeled with utensil type, restaurant name, and observation date to facilitate

direct comparisons. Standardized swabbing across the front, back, and prongs of each fork

ensured consistency in data collection, minimizing variability due to differences in utensil surface

area. Photographs of the plates were taken daily to visually document changes over time and

retained as a record for future reference.

Data Analysis. Statistical analysis was conducted to compare bacterial contamination levels

across utensil materials (wood, plastic, and metal). A one-way analysis of variance (ANOVA)

was performed to determine significant differences in colony counts among the three utensil

types. Bar charts were generated to illustrate individual bacterial levels and the average colony



counts for each material. Morphological observations of colonies, documented through

photographs and microscopic analysis, were analyzed qualitatively to complement quantitative

colony count data. These observations provided additional insights into bacterial diversity and

potential trends related to utensil materials.

Figure 1: Flowchart of Experiment Methods

Results

The results of this experiment demonstrate a clear difference between the three types of fork. The

total bacterial colonies for each group is as follows: plastic has a total of 3 bacterial colonies,

metal has a total of 10, and wood has a total of 2. The specifics are further shown in figures 2-4,

where it is clear that the variation even amongst each set of two is notable, and figure 5, which

shows how despite being similar in average values, each material appears to be different than the

other two.



Figure 2: Bacterial Colonies per Plastic Sample: Nori, Foodie Power

Figure 3: Bacterial Colonies per Metal Sample: Brown’s Crafthouse, Kokoro



Figure 4: Bacterial Colonies per Wood Sample: Chipotle, My Home Cuisine

Figure 5: Boxplot of Average Bacterial Colonies Count by Fork Type



A one-way ANOVA test was conducted to determine if there were significant differences in

bacterial contamination levels among forks made of plastic, wood, and metal. The analysis

revealed statistically significant differences between the groups (F(2,6) = 28.50, p=0.00086). The

notation F(2,6) reflects the structure of the statistical test used. The first number (2) represents the

degrees of freedom between groups, which corresponds to the number of groups being compared

(plastic, wood, and metal) minus one. The second number (6) represents the degrees of freedom

within groups, calculated as the total number of observations (9 samples) minus the number of

groups. Together, these values were used to evaluate the F-statistic and determine statistical

significance.

The mean colony counts for each material were as follows: wooden forks had the lowest mean

contamination ( = 0.67), followed closely by plastic forks ( = 1.0 ), while metal forks𝑋 𝑋

exhibited the highest mean contamination ( = 3.33). These results indicate that the material𝑋

composition of the forks significantly influences bacterial contamination levels.

The p-value (p=0.00086) represents the probability of observing an F-statistic as extreme as

28.50 if there were no true differences in bacterial contamination levels among the fork materials

(i.e., if the null hypothesis were true). A smaller p-value indicates stronger evidence against the

null hypothesis. In this study, the p-value is much smaller than the commonly used threshold for

significance ( 0.05), leading us to reject the null hypothesis. This confirms that the materialα =  

of the forks significantly affects bacterial contamination levels.

This analysis underscores the importance of fork material in determining hygiene outcomes and

suggests that factors such as surface properties and cleaning practices play critical roles in

contamination risk. Further exploration of these findings is discussed below.



Discussion

Statistical analysis revealed significant differences in bacterial contamination levels among the

three fork materials, confirming the influence of material properties on bacterial loads. Wooden

forks, contrary to expectations, showed the lowest contamination levels, followed by plastic

forks, with metal forks exhibiting the highest bacterial counts. These results support the rejection

of the null hypothesis (Ho), which posited no relationship between fork material and bacterial

contamination. Instead, the data strongly support the alternative hypothesis (Ha), emphasizing the

critical role of material choice in determining contamination risks. This study demonstrates that

both material properties and external factors, such as cleaning practices, significantly affect

utensil hygiene in food service environments.

The rejection of Ho underscores the influence of specific material characteristics, such as surface

porosity, texture, and use frequency, on bacterial contamination. Wooden forks, unexpectedly,

exhibited the lowest contamination levels. This result may be attributed to the natural

antimicrobial properties of certain wood species, as studies have shown that wood can inhibit the

growth of specific bacterial strains due to its chemical composition or porosity, which creates

unfavorable conditions for microbial survival (Schwarz et al., 2015). For instance, compounds

such as tannins and lignin found in wood are known to have antimicrobial effects, which may

explain the reduced bacterial presence observed. Additionally, limited handling or specific

storage conditions of the wooden forks in the sampled restaurants might have further reduced

bacterial contamination. Explicitly acknowledging these factors highlights the role of wood's

unique properties in mitigating bacterial growth.



Plastic forks demonstrated slightly higher contamination levels than wood but remained among

the lowest observed, with only three bacterial colonies. Their smooth, non-porous surfaces

effectively resist bacterial adhesion, as supported by prior research on material surface properties

(Borgognone et al., 2019). Furthermore, their single-use nature eliminates contamination risks

associated with prior handling or inadequate cleaning, making plastic utensils a preferred option

in environments where hygiene protocols may vary.

Metal forks exhibited the highest contamination levels, with ten bacterial colonies recorded.

Despite their smooth, non-porous surfaces, the variability in bacterial loads across different metal

fork samples, as illustrated in Figure 1, highlights the critical role of cleaning protocols.

Inconsistent or insufficient sanitization practices likely contributed to the higher bacterial counts,

emphasizing that material properties alone cannot mitigate contamination risks if hygiene

protocols are not rigorously applied. This finding aligns with prior studies demonstrating that

cleaning effectiveness is a primary determinant of microbial load on reusable utensils (Perry et

al., 2021).

The practical implications of these results are significant. Material choice not only affects the

initial risk of bacterial adherence but also interacts with external factors such as cleaning

practices and storage conditions to influence overall hygiene. These findings highlight the

importance of integrating material-specific considerations into food service policies to reduce

contamination risks effectively. Additionally, potential variability in sampling methods, small

sample sizes, and differences in restaurant hygiene practices could have influenced the results.

Future research should build upon these insights by exploring how different cleaning methods

and environmental conditions affect bacterial loads on various materials. Additionally,



incorporating molecular techniques to identify bacterial species would provide a deeper

understanding of the health risks associated with contamination. Expanding sample sizes and

including additional utensil types would further validate these findings and offer actionable

recommendations for improving hygiene standards in diverse food service settings.

In conclusion, the statistical analysis provided robust evidence for the influence of fork material

on bacterial contamination levels. By demonstrating the relevance of material properties and

hygiene practices, these findings reinforce the need for targeted interventions in food service

environments to ensure public health and safety.

Conclusion

This study demonstrates that the material composition of forks significantly impacts bacterial

contamination levels, with metal forks showing the highest contamination, followed by plastic

forks, and wooden forks unexpectedly exhibiting the lowest bacterial presence. These results

highlight the influence of material properties and cleaning protocols on utensil hygiene. The high

contamination levels on metal forks suggest variability in sanitization practices, emphasizing the

need for rigorous cleaning protocols for reusable utensils. The unexpectedly low contamination

on wooden forks may be attributed to natural antimicrobial properties or specific handling and

storage conditions in the sampled restaurants. These findings underscore the importance of

selecting appropriate utensil materials and implementing effective cleaning practices to enhance

food safety in restaurant environments. Future studies should explore the underlying mechanisms

of bacterial resistance on different materials and evaluate cleaning methods to further improve

hygiene standards.



Acknowledgements

We would like to express our gratitude to the BIOL 342 teaching team for their guidance and

support throughout the project. We also thank UBC for providing the necessary facilities for this

research and the Musqueam people for allowing us to conduct this study on their traditional land.

We would also like to give thanks to the six restaurants that permitted us to use their forks for this

test, those restaurants are: Nori, Foodie Power, Brown’s Crafthouse, Kokoro, Chipotle, My Home

Cuisine.

Citations and Literature Cited

C.A. Christison, D. Lindsay, A. Von Holy, Cleaning and Handling Implements as
Potential Reservoirs for Bacterial Contamination of Some Ready-to-Eat Foods in Retail
Delicatessen Environments, Journal of Food Protection, Volume 70, Issue 12, 2007, Pages
2878-2883, ISSN 0362-028X, https://doi.org/10.4315/0362-028X-70.12.2878.
(https://www.sciencedirect.com/science/article/pii/S0362028X22060100)

Jung, Yangjin, et al. “Recovery Rate of Cells of the Seven Regulated Serogroups of Shiga
Toxin–Producing Escherichia Coli from Raw Veal Cutlets, Ground Veal, and Ground Beef
from Retail Stores in the Mid-Atlantic Region of the United States.” Journal of Food
Protection, vol. 84, no. 2, 25 Sept. 2020, pp. 220–232, https://doi.org/10.4315/jfp-20-290.
Accessed 18 Nov. 2024.

‌
Kou, Xiaoxi, et al. “Effect of Heating Rates on Thermal Destruction Kinetics of Escherichia Coli

ATCC25922 in Mashed Potato and the Associated Changes in Product Color.” Food
Control, vol. 97, 1 Mar. 2019, pp. 39–49, https://doi.org/10.1016/j.foodcont.2018.10.019.

Kusumaningrum, H. “Survival of Foodborne Pathogens on Stainless Steel Surfaces and
Cross-Contamination to Foods.” International Journal of Food Microbiology, vol. 85, no.
3, 25 Aug. 2003, pp. 227–236, https://doi.org/10.1016/s0168-1605(02)00540-8.

Lücke, Friedrich-Karl, and Agnieszka Skowyrska. “Hygienic Aspects of Using Wooden and
Plastic Cutting Boards, Assessed in Laboratory and Small Gastronomy Units.” Journal
Für Verbraucherschutz Und Lebensmittelsicherheit, vol. 10, no. 4, 24 June 2015, pp.
317–322, https://doi.org/10.1007/s00003-015-0949-5.



Morones-Ramirez, J. R., et al. "Silver Enhances Antibiotic Activity Against
Gram-Negative Bacteria." Science Translational Medicine, vol. 5, no. 190, 2013, pp.
190ra81-190ra81
ptpmcrender.fcgi (europepmc.org)

Scott, Elizabeth, and Sally F. Bloomfield. “The Survival and Transfer of Microbial
Contamination via Cloths, Hands and Utensils.” Journal of Applied Bacteriology, vol. 68,
no. 3, Mar. 1990, pp. 271–78, https://doi.org/10.1111/j.1365-2672.1990.tb02574.x.

Translated by Content Engine LLC. Why it is Recommended Not to use Wooden
Spoons in Cooking. ContentEngine LLC, a Florida limited liability company, Miami,
2023
Why it is recommended not to use wooden spoons in cooking - ProQuest

Yoon, Y., et al. “Microbial Assessment in School Foodservices and Recommendations
for Food Safety Improvement.” Journal of Food Science, vol. 73, no. 6, Aug. 2008, pp.
M304–M313, https://doi.org/10.1111/j.1750-3841.2008.00828.x.


