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Millions every day purchase their raw meat in wet markets around the globe, especially
in Hong Kong city, where modern and a traditional way of living is made possible. While
food hygiene standards in Hong Kong have more recently focused on the safety of
meat sold in these wet markets, the hygienic surface level of wooden cutting boards
used for processing meats is seldom observed. This original study performed microbial
community profiling, as well as isolating and identifying various strains multiple wooden
cutting boards from nine wet markets located on Hong Kong Island. Our study also
investigated the efficiency of scraping the surface of cutting boards as a traditional
cleaning technique in Hong Kong. Results indicate that these hygienic practices are
inefficient for guarantying proper surface hygiene as some most tested cutting boards
were found to harbor microbial species typically associated with hospital nosocomial
infections, such as Klebsiella pneumoniae. Further analysis also led to discovering
the presence of antibiotic-resistant genes (ARGs) among isolated strains. Our results
showcase the significance and effects of cross-contamination in Hong Kong wet
markets, especially with regards to the potential spreading of clinically-relevant strains
and ARGs on food processing surfaces. This study should, therefore, serve as a basis to
review current hygienic practices in Hong Kong’s wet market on a larger scale, thereby
improving food safety and ultimately, public health.

Keywords: wooden cutting board, surface hygiene, biofilms, resident flora, clinical strains, antibiotic resistance
genes
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INTRODUCTION

Hong Kong’s wet markets are known to supply fresh produce and
raw meat products to millions of people every day. While safety
standards have placed much emphasis on the safety and quality
of processed fresh meat in these wet markets (Otoole, 1995; Wu
et al., 2014), the hygienic level of wooden cutting boards used
for processing these meats is seldom observed, if not entirely
ignored. Moreover, although the use of wooden cutting boards
for food processing has been regarded as being more hygienic
than plastic due to their reported advantageous surface topology
or antimicrobial characteristics (Aviat et al., 2016), their lack of
maintenance and poor sanitary practices might still outweigh
their reported positive attributes, by increasing the propagation
risk of relevant foodborne pathogens (Edelmeyer, 1984).

Even though existing global food safety norms help improve
and standardize manufacturing practices, good hygienic practice,
hazard analysis critical control point, for safer processed foods
(Mahajan et al., 2014), these may not necessarily be implemented
in traditional wet markets around the world, thereby causing food
safety concerns (Blanck et al., 2014). In the case of Hong Kong,
a hygienic practice traditionally embraced by local stall keepers
generally involve water rinsing and physical scraping off the
cutting board’s surface layer. Elsewhere in Africa, few reports
described the cleaning of utensils or cutting from inadequate wet
markets facilities (Fasanmi et al., 2010; Aburi, 2012; Chepkemoi
et al., 2015). In Greece, the interrelationships between hygienic
conditions during meat processing and personal hygiene were
revealed to be primary factors affecting meat quality and shelf life
in retail outlets (Andritsos et al., 2012). Ensuring cutting board
hygiene should, therefore, be considered when implementing
proper hygienic practices, since the use of unhygienic cutting
boards may become a dangerous source of transferable foodborne
disease-causing organisms (Carpentier, 1997).

Moreover, the presence of high nutrient availability in
combination with high humidity, affecting the moisture content
of wood, may also play an essential role in the proliferation
and survival of microorganisms on irregular and porous wooden
cutting board surfaces (Carpentier, 1997). The maintenance and
hygiene monitoring of wooden food-contact surfaces should
therefore serve as a practical means to reduce the level of
cross-contamination (Aviat et al., 2016), by ensuring regular
cleaning and sanitation, which are essential practical measures
for ensuring the microbiological load of wooden food contact
surfaces (Kim et al., 2012; Falco et al., 2019). While the
World Health Organization has recommended that governments
prioritize food safety and public health throughout the food
chain, hygienic regulations on the matter of wooden food
contact surfaces differ from one global region to another,
with countries even lacking clear defined regulations (Aviat
et al., 2016). Interestingly, a survey conducted by the Food
and Drug Administration has revealed that high-risk practices
of handlers were found to be the principal cause for cross-
contamination from poorly maintained wooden cutting boards
(Klontz et al., 1995).

The level of food safety knowledge among market vendors
is also an essential factor for implementing proper hygienic

practices (Mahajan et al., 2014). In one study, it was shown
that many Asian food peddlers were not adequately trained on
the issue of public health management or food safety standards
for avoiding the spread of foodborne illnesses (Minh, 2017;
Ghatak and Chatterjee, 2018; Tran et al., 2018). Adding to
Hong Kong’s high ambient temperatures and customer densities
within markets, conditions favoring the growth, colonization and
spread of food-borne pathogens on these cutting boards can be
enhanced (Kotzekidou, 2016).

The lack of chopping board hygiene or their improper
maintenance may, therefore, lead to the establishment of biofilms
niches within the cutting board surface (Edelmeyer, 1984;
Prechter et al., 2002). The presence of such biofilms is known
to contribute to favor the unwanted establishment of pathogens
and the spread thereof into other environments. Biofilms are
formed by a complex community of microorganisms on both
biotic or abiotic surfaces, producing extracellular polymeric
substances (EPS) that allow the survival of microorganisms
in harsh environments, as well as under antimicrobial attacks
(Flemming and Leis, 2001; Stewart, 2001, 2003). The potential
threat of such biofilms present on cuttings boards in Hong Kong
wet markets has not been thoroughly investigated, nor has the
hygienic efficiency of the traditional scraping fully elucidated.
While scraping is considered as an ideal destructive means
to recovering microorganisms on types of surfaces with the
advantage of extracting organisms at different surface depths
(Ismaïl et al., 2013), its usage for ensuring surface hygiene
for processing meat remains questionable. Part of the question
lies with the reliability of the microbiological load on the
newly exposed surface following scraping, combined with the
level of top layer removal by the scraping operator. It is,
therefore, within these contexts that this study aimed at
identifying and isolating species isolated from various wood
cutting boards from wet markets located on Hong Kong
Island. Our second objective was to study the efficiency of
scraping the surface of cutting boards as a traditional cleaning
technique. These aims were achieved by analyzing swab samples
from different wet market stalls and samples following various
cleaning procedures on a recently used wet-market cutting
board, by applying a combination of traditional microbiological
techniques, sequencing and data analysis as well as advanced
high-resolution microscopy.

MATERIALS AND METHODS

Study Area
A total of 15 wooden cutting board swabbing samples were
obtained from nine wet-markets in Hong Kong Island, including
Ap Lei Chau Market (AL), North Point Market (NP), Sai Ying
Pun Market (SY and CSF), Shek Tong Tsui Market (ST), Sheung
Wan Market (SW), Smithfield Market (SF) and Wan Chai Market
(WC and TW). Sampling sites were selected based on their
proximity relative to the University of Hong Kong for facilitating
the processing of swab samples.

Random short surveys were also conducted to assess common
cleaning methods typically employed for cleaning butcher block
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countertops in wet markets, as well as their frequency. Interviews
were carried out in four local pork stores from ST and SF.

Swab Sampling, Culturing, and Isolating
Swab sampling was performed on butcher countertops, from
which pork meat processing was normally performed. Based
on the review by Ismaïl et al. (2013), the recovery of bacteria
using a non-destructive method such as swabbing, was described
as not being suitable on irregular surfaces, as opposed to the
friction method, which could be applied on rougher surfaces.
Considering the rough, porous nature of wooden cutting boards
(Aviat et al., 2016), we hence used swab tip to scrub on
cutting board surfaces, which was found to be a practical,
non-destructive, non-invasive means for standardizing our
sampling during this study. The microorganism recovery method
implemented in this study, therefore, applied a combination
of both swabbing and friction. For the sake of simplifying the
description of the method, the term “swabbing” is henceforth
used in this report. Briefly, pre-sterilized cotton swabs were
hydrated with sterile PBS before swabbing a surface area
equivalent to 10 cm2 on the most active area of the cutting
boards. The sampled swab was then placed in tubes containing
sterile 2 mL Amies Charcoal transport medium. Tubes were
subsequently placed in ice buckets during transportation to
HKU for further processing. For bacterial isolation, swabbed
samples were first cultured in 100 mL BactoTM Tryptic Soy
Broth (TSB) medium (BDTM, United States), which were then
incubated at 30◦C for 20 h. The overnight culture was then
sub-cultured by spread plating onto either DifcoTM Tryptic
Soy Agar (TSA) (BDTM, United States) and DifcoTM Violet
Red Bile Agar (VRBA) (BDTM, United States), and incubated
at 30◦C for 20 h. Selected isolates were inoculated in TSB
and incubated at 30◦C for 20 h. Pure cultures were mixed
with sterile 40% glycerol solution at a 1:1 ratio before storage
at −80◦C. A summary of the various steps described in
the following section is illustrated in the schematized study
design (Figure 1).

Metagenomic Profiling of Environmental Swab
Samples and Isolate Identification
Genomic DNA was extracted for metagenomic amplicon
sequencing from 15 overnight culture samples described
in section “Swab Sampling, Culturing, and Isolating.” For
isolate identification, DNA extraction was performed from
monocultures of reactivated pure isolates cultured in TSB
at 30◦C for 20 h. Genomic DNA extraction procedure was
performed using PureLink Microbiome DNA Purification
Kit (InvitrogenTM, United States) A29790 according to the
manufacturer’s protocol. The concentration and purity of
extracted DNA were measured with BioDrop DUO (BioDrop,
United Kingdom). For 16S metagenomic analyses, genomic
DNA was sent to Novogene (Shenzhen) for PCR-free library
preparation and Illumina HiSeq PE250 sequencing of 16S V3-V4.
Metagenomic analyses were then analyzed using Parallel-Meta
pipeline (Jing et al., 2017). The generated raw sequence data
were deposited at the European Nucleotide Archive, accession
number PRJEB33545.

The identities of isolate pure cultures were confirmed
following PCR implication of the 16S rRNA marker followed
by Sanger sequencing using Applied Biosystems (ABI) 3730xl
DNA Analyzer (Centre for Genomic Sciences, Li Ka Shing
Faculty of Medicine, HKU). The 16S reverse and forward
primers are listed in Table 1. A nucleotide BLAST DNA search
was then performed with DNA database software of the NIH
(United States) from the amplicon sequences obtained for the
identification of isolates in the website: http://www.ncbi.nlm.
nih.gov.

Identification of Antibiotic Resistance Genes (ARGs)
From Isolated Strains
Five oligonucleotide primers were designed for the amplification
of representative antibiotic resistance genes in selected identified
isolates. PCR runs required a 15 µL of the reaction mixture,
including 14 µL of the isolate DNA and 1 µL of selected primers.
Each isolate DNA have been prepared with five different types of
primers separately in a 96-well plate. The antibiotics resistance
genes were screened by sanger sequencing at the Centre for
Genomic Sciences. All primer reagents were supplied by Tech
Dragon Limited, Hong Kong (Table 1).

Validation of obtained sequences was checked by performing
BlastX at NCBI DNA database software mentioned in section
“Metagenomic Profiling of Environmental Swab Samples and
Isolate Identification” to assess the identity of translated proteins
from amplified sequences.

Cutting Board Sample Processing
One pre-owned butcher cutting board was purchased from Shek
Tong Tsui Market for testing the impact of cleaning strategies on
wooden food contact surfaces. In this instance, the commonly
used surface scraping technique was compared to a Cleaning-
In-Place (CIP) strategy (Bremer et al., 2006). Given the limited
size of the cutting board, three random areas of 16 cm × 3.5 cm
were delimitated with the help of a prepared plastic film frame.
In each selected area, three zones of 4 cm × 2.5 cm were
demarcated for processing.

Control zones were processed by wetting surface using 400 µL
sterile phosphate-buffered saline (PBS) solution, followed by
swabbing the area with sterile cotton swabs and spreading on
to TSA plates. Selected areas were swabbed a second time by a
new cotton swab and processed as previously described in section
“Swab Sampling, Culturing, and Isolating.”

The scraping cleaning method was performed on a second
zone by first scraping delimitated area by knife until a whiter
layer was distinctly removed. The new surface was then wetted
and swabbed as previously described for the control zone.

To test the effectiveness of different concentration of reagent,
5.2% sodium hypochlorite solution, had been diluted to 0.1
and 0.024% of sodium hypochlorite solution (Agriculture and
Food Standards Policy Committee, 1991). The area was first
cleaned by 400 µL 0.024% sodium hypochlorite solution with two
cotton swabs for 5 min and waited for 20 min before sampling.
Sample collecting procedures and plate spreading on TSA were
conducted as previously described for control zones. In the CIP
treatment zones, an additional CIP treatment was performed
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FIGURE 1 | Schematized summary of study design.

using 0.1% sodium hypochlorite solution from which swab
samples were collected and processed as previously described.

Microscopic View of the Treated Wooden Board
Three out of four cutout pieces of the butcher block were
used to repeat the cleaning strategies described in section
“Cutting Board Sample Processing.” Following treatment, the
pieces underwent chemical fixation using 10% formaldehyde
followed by a dehydration step using a critical point dryer, and
gold sputtering before Scanning Electron Microscopy (Hitachi
3400 and S-4800) (Electron Microscope Unit, The University
of Hong Kong). Care was taken to score each sample pieces to
recognize the chopping board surface during microscopy.

RESULTS AND DISCUSSION

Metagenomic Profiling of Wet Market
Cutting Boards
The analysis of the 16S metagenomic amplicon sequencing data
of samples collected from nine wet markets revealed that the
cutting boards were principally constituted of microorganisms
belonging to the Proteobacteria, Firmicutes, and Bacteroidetes
phyla. As presented in Figure 2, the Proteobacteria group
were composed of genera belonging to Enterobacteriaceae,
Aeromonas, and Moraxellaceae. The Firmicutes group was
made-up of Staphylococcus, Streptococcus, and Planococcaceae,
while Flavobacteriaceae genus represented the Bacteroidetes
phyla. Further taxonomic abundance profile analysis between
cutting boards revealed that the Proteobacteria phylum was
composed of genera considered potentially pathogenic such as

Enterobacteriaceae, Escherichia, and Shigella, or Ent. Klebsiella,
the latter associated with clinical infection (Moremi et al.,
2016). Among those representing the Firmicutes phyla, the
Planococcaceae and Kurthia genus may also be considered
pathogenic, considering known species such as Kurthia gibsonii
considered as a sexually transmitted zoonosis (Kövesdi et al.,
2016). The abundance of these potential pathogenic genera
show variations between cutting board samples or wet markets,
exemplified by the taxonomic profile of sample NP201 and CSF01
with their highest abundance of Enterobacteriaceae Escherichia
Shigella, or Ent. Klebsiella compared to other samples. Cutting
boards sampled within the same wet market also showed
differential abundance profiles, such as samples ST201, ST202,
and ST203, the latter sample having a unique profile with a
higher abundance of Ent. Citrobacter, Ent. Enterobacter, and
Staphylococcus Macrococcus genera. These variations may reflect
the individual hygienic state of each cutting board, and hence, the
stall keepers own hygienic practices during meat processing, as
discussed later in this report. The surprising presence of clinically
relevant genera on these cutting board is an alarming finding and
one that should question the level of food safety and public health.
It is for this reason that an attempt was made to identify species
from isolated strains to assess whether the sampled cutting boards
were indeed harboring potentially pathogenic organisms.

Identification of Randomly Isolated
Strains
For identification purposes, 60 random colonies were first
selected based on their morphologies then post-cultured into
TSB. Following overnight culture, their gDNA was extracted for
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TABLE 1 | Reverse and forward primers for the amplification of the 16S rRNA
gene and a selection of representative antibiotic resistance genes used in
this study.

Gene product Primer sequence (5′ → 3′) References

Bacteria
Universal

27F: AGAGTTTGATCMTGGCTCAG Weisburg et al., 1991;
Stackebrandt and
Liesack, 1993

1492R: GGTTACCTTGTTACGACTT

tet(M) F: GCTTATTCCGGGGAAATTGT Szczepanowski et al.,
2009

R: CGGGTCACTGTCGGAGATT

BlaTEM F: GTGCGCGGAACCCCTATT de Paula et al., 2018

R: TTACCAATGCTTAATCAGTGAGGC

erm(B) F: AGCCATGCGTCTGACATCTA Szczepanowski et al.,
2009

R: CTGTGGTATGGCGGGTAAGT

qnr(S) F: GATATCGAAGGCTGCCACTT Rutgersson et al., 2014

R: CACGGAACTCTATACCGTAGCA

mex(B) F: GACCAAGGCGGTGAAGAAC Szczepanowski et al.,
2009

R: AACACCTGGAAGTCACCGAC

further 16S sequencing (cf. section “Materials and Methods”).
Of the 60 isolates (cf. Supplementary Video S1), 16 species
were identified as Aeromonas caviae, Aeromonas hydrophila,
Citrobacter freundii, Cronobacter sakazakii, Enterobacter
hormaechei, Enterococcus faecium, Escherichia coli, Hafnia
paralvei, Klebsiella aerogenes, Klebsiella pneumoniae, Klebsiella
variicola, Kurthia sp., Lactococcus garvieae, Proteus vulgaris,

Providencia alcalifaciens, Providencia stuartii, and Serratia
marcescens. From the illustrated summary in Figure 3, it can be
noticed that most sampled area share common species; among
the most recurrent are Klebsiella pneumonia and Escherichia coli
which were isolated in six of the nine wet markets. While a more
detailed epidemiological study would be needed to ascertain
whether recurrent isolated species originate from a specific strain
or source, the underlying question that needs to be asked is how
non-food related organisms could be sampled and isolated from
food contact surfaces. Of note, Klebsiella sp., a typical nosocomial
species, is known to be an opportunistic pathogen linked to
nosocomial infections in immunocompromised individuals
(Podschun and Ullmann, 1998). Other isolated strains of the
Enterobacteriaceae family such as Escherichia coli, Proteus sp.
and Serratia marcescens are also considered as hospital-acquired
infectious agents (Khan et al., 2015). Previous findings from
Podschun and Ullmann also showed that Klebsiella pneumoniae
is typically associated with hospital environments, when
comparing stools hospitalized and non-hospitalized patients.
The presence of clinically associated organisms on food contact
surfaces in this study suggests that wooden cutting boards in
Hong Kong’s wet markets are prone to cross-contamination,
albeit the exact vector responsible for the contamination of
Klebsiella pneumoniae cannot be fully elucidated.

Interestingly, the cuttings boards from which Klebsiella
pneumoniae strains were isolated are situated in wet markets near
hospitals, including general out-patients clinics, as illustrated
in Figure 4. Further studies are therefore needed to determine
whether isolated strains in this study are linked to strains endemic
to hospital environments. With the sheer number of people

FIGURE 2 | Taxonomic community profiles at the genus level following 16S metagenomic sequencing performed on swab samples collected at nine wet markets in
Hong Kong Island, and analyzed using Parallel-Meta.
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FIGURE 3 | Marked locations of sampled wet markets harboring Klebsiella pneumonia and hospitals in Hong Kong Island.

purchasing their foods in Hong Kong Wet markets, coupled
with the combined proximity of clinics/hospitals, the likelihood
of cross-contamination through human vectors cannot be
discounted (Khan et al., 2015, 2017).

In a recent non-food related study, it was revealed that inner-
city traffic flows of the metro system could also contribute to
the spread and exposures of microbiome and resistome in the
environment (Kang et al., 2018). The flow and relocation of
bacterial colonies were examined across different lines in the
Hong Kong Mass Transit Railway system among the morning
and afternoon. Their results suggested that morning microbiome
originating from the busiest traffic line was also isolated on other
interchangeable lines later in the afternoon.

Likewise, while some of the wet markets were not necessarily
located in the proximity of hospitals or clinics, clinically relevant
organisms may still have been transferred to easily accessible
food processing areas, given enough flows of traffic and people
during market hours.

Targeted Antibiotic Resistance
Gene-Screening From Isolated Strains
Having established the possibility of the spread of clinically
relevant organisms onto food contact surfaces, the question
of whether antibiotic resistance genes can likewise be spread

in such food processing environments is also meaningful.
Here, all 60 isolates were screened against selected classes
of targeted antibiotic resistance genes as described in section
“Identification of Antibiotic Resistance Genes (ARGs) From
Isolated Strains.” Results from this screening presented in
Table 2 revealed that only five wet market isolates tested positive
for only three antibiotics resistance genes tet(M), BlaTEM,
and mex(B). Three Lactococcus garvieae isolated from two
wet markets tested positive for mex(B), a multidrug efflux
gene against various antibiotics (Szczepanowski et al., 2009).
Moreover, Lactococcus garvieae can be regarded as a low virulence
organism, rarely associated with human infections associated
with bacteremia and Urinary Tract Infections (Choksi and
Dadani, 2017). L. garvieae is well known as a fish pathogen
(Navas et al., 2013), and its presence on cutting boards meant
for processing beef or pork is reflective of cross-contamination,
especially if the cutting boards had a history of contact with
raw fish. The positive presence of mex(B) gene also suggests
that isolated L. garvieae strains may be of clinical origin,
having been regularly exposed to a wide range of antibiotic
stressed environments.

One presumed Proteus vulgaris strain was also found to
harbor the mex(B) gene. Proteus vulgaris is typically endemic
the intestines of human and animals, however, it can be isolated
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FIGURE 4 | Origin of isolated strains from previously sampled wet markets in Hong Kong Island.

TABLE 2 | Isolates that tested positive for harboring antibiotic resistance gene(s).

Sample code Presumed identification tet(M) BlaTEM mex(B)

1 NP201_T5 Lactococcus garvieae strain JB377100 16S ribosomal RNA gene, partial sequence +

2 NP201_V4 Escherichia coli strain WCHEC4533 chromosome, complete genome + +

3 NP202_T2 Lactococcus garvieae DNA, complete genome, strain: 122061 +

4 SF201_T5_1 Lactococcus garvieae strain JZ R-138 16S ribosomal RNA gene, partial sequence +

5 ST203_T3 Proteus vulgaris strain FDAARGOS_366 chromosome, complete genome +

from individuals in long-term care facilities and hospitals and
patients with underlying diseases or compromised immune
systems. Treatment of Proteus vulgaris usually involves the use
of antibiotics, thereby explaining the organisms’ efflux pump
resistance mechanism. Efflux pumps originally played the role
of extruding toxic substances out of cells, however, with several
exposures to antibiotics an over-expression of efflux pump genes
may help the cells to increase their survival under antibiotic-
stressed environments (Webber and Piddock, 2003). The likely
source of this Proteus vulgaris strain cannot be determined since
antibiotics are typically used in both animal husbandry and
hospitals. Further studies will be needed to determine whether
Proteus vulgaris had been linked to previous clinical infections.

One isolated Escherichia coli strain was found to be
positive for both tet(M) and BlaTEM genes. Considered
as an indicator of poor surface hygiene, the presence of

Escherichia coli with antibiotic multi-resistance capabilities
on meat cutting boards should be of public health concern.
The production β-lactamases – TEM in Escherichia coli
was shown caused about 90% of antibiotic ampicillin
resistance (Cooksey et al., 1990). Some of its harmful
strains could also resist to antibiotics of sulfonamides,
streptomycin and apramycin, whereas only in the strains
of enterotoxigenic E. coli was found to resist to quinolones
(Boerlin et al., 2005). Interestingly, β-lactamases – TEM is a
plasmid-encoded enzyme that provided bacteria with multi-
resistance against β-lactam antibiotics (Emery and Weymouth,
1997), which suggests that multi-resistance genes may be
transferred for one organism to another, especially within
the context of microbial biofilms, where DNA and other
materials are easily interchanged between microorganisms
(Anjum and Krakat, 2016).
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FIGURE 5 | Scanning electron micrographs of chopping board surface that
underwent no hygienic treatment (A), traditional scraping (B), 0.024% sodium
hypochlorite treatment (C), and 0.1% sodium hypochlorite treatment (D).

FIGURE 6 | TSA plate spread from swab samples obtained from cutting
board surfaces that underwent no hygienic treatment (A), wet market
traditional scraping (B), and 0.1% sodium hypochlorite treatment (C).

Surface and Hygienic Assessment of a
Wooden Cutting Board
The combined presence of potential clinically associated
organisms and ARGs led to question the hygienic routines
implemented in the Hong Kong wet markets. Poor hygiene on
surfaces such as cutting boards may lead to the formation of
biofilms that can potentially allow the proliferation of unwanted
organisms and the spread of ARGs. Observations of daily
routines of wet market meat stalls revealed that stall keepers
would typically scrape off the top surface of their cutting
boards using a knife. Further enquiry into the scraping method
by impromptu interviewing of stall keeper revealed that it
is the most commonly adopted cleaning practice. Based on
observations of wet market practices in this study, cutting boards
are usually scraped until a white layered film is visibly removed
from the cutting area, before processing meat. Among those
interviewed, only one stall keeper used domestic dishwashing
detergent and mechanical brushing as a means to ensure cutting
board surface hygiene. Regardless of the method employed,
little is known of how often these surface hygiene routines are
carried out, or whether these are implemented between meat-
batches. Proper surveying of wet-market hygienic habits would,
therefore, help develop best-practice means to ensure proper
cutting boards in meat stalls in the longer run. Unfortunately,
there are no existing clear rules or guidelines aimed explicitly
toward improving the maintenance of wooden cutting boards
in Hong Kong’s wet markets. According to the Hong Kong
Government’s Food and Environment Hygiene Department own
Food Hygiene Code, food contact surfaces of equipment used
for processing foods should (A) consist of a non-toxic, non-
absorbent, non-corrosive, smooth material; (B) be unaffected
to grease, food particles or water; (C) be free from cracks,
crevices, open seams; (D) be effectively cleaned, sanitized and;
(E) be easily accessible for cleaning, sanitizing and inspection
(Anonymous, 2018). Based on these guidelines alone, the
systematic use of wooden chopping boards for processing meat
in Hong Kong’s wet markets, being a highly absorbent and
highly irregular, non-smooth food contact surface should be
further examined.

Moreover, the Food Hygiene Code further formulated a
rationale stipulating that food contact surfaces should not
introduce into food any substance which may be harmful to
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the health of consumers, however, fails to mention the potential
cross-contamination specifically and spread of pathogenic
microorganisms. Nevertheless, effective cleaning and sanitizing,
facilitated by properly designed food contact surfaces, was
identified as an essential driver for ensuring proper surface
hygiene. However, wooden chopping board was demonstrated as
being an unsuitable material, based on inefficient cleaning and
sanitizing outcomes.

Here, we investigated the surface of a purchased cutting board
using high resolution scanning electron microscopy following
different hygienic treatments (Figure 5). Microorganisms were
found in abundance and diversity in all cutting board samples,
including those that underwent traditional cleaning and sodium
hypocrite treatments. Interestingly, rod- and cocci-shaped
bacterial cells as well as budding yeast cells, could be observed in
all samples. In a recent Indian market place study, the presence of
yeast and fungi on cutting board was suggested to have originated
from meat (Thanigaivel and Anandhan, 2015).

The presence of what can be described as remnants of film-
like extracellular polymeric substances were also observed in
some of the samples, thus suggesting that the microbial cells
grow and survive on cutting board surfaces by adopting a
strategic biofilm mode of life. Conditions at the surface cutting
board may be considered as ideal for biofilm formation, not
only because of its unregular topography (i.e., non-smooth
surface), but also of extrinsic factors favorizing microbial life
such as the surrounding environments (i.e., Hong Kong’s
ambient temperature and high humidity), and the constant
supply of nutrients from meat pieces. The presence of biofilms
within the inner layers of the cutting board may provide
embedded organisms protection against being “scraped off”
during traditional cleaning of cutting boards, as well as provide
a shield against sanitizing agents. The presence of biofilms
may also increase the risk of horizontal gene transfer (Hausner
and Wuertz, 1999; Sorensen et al., 2005), possibly transferring
and further spreading ARGs to commensal or environmental
strains. The microbial consortium of bacterial and eukaryotic
cells observed on the cutting board points to the need to further
our understanding of mixed-species biofilms in the context of
harboring pathogenic organisms and their associated resistance
profiles to antimicrobials.

Further analysis of plated swab samples following cutting
board surface treatments (Figure 6) revealed that food contact
surfaces remain laden with microorganisms, especially after
implementing the traditional scraping technique. Compared to
the non-treated control, no differences in growth outcomes on
TSA were observed from plated swab samples from scrapped
surfaces. Although, surfaces treated using CIP strategy did,
however, lead to lower bacterial load on TSA plates compared
to other plated swab samples; the presence of such bacterial
growth following treatments is an indication of the challenges
faced with ensuring surface hygiene on wooden cutting boards
in Hong Kong wet markets and highlights the risk of cross-
contamination. A former study conducted by Gehrig et al.
(2000) showed that high humidity environments could lead
to the persistence of spiked Escherichia coli cells on wooden
cutting boards. However, it was shown that a significant

decrease of bacteria count could be achieved on wooden
cutting boards when manually brushing and washing with
detergent, followed by rinsing under warm water. Although
their obtained result seems promising, one should still consider
the presence of complex microbial consortia, and the likely
presence of biofilms that can interfere with the hygienic
maintenance on wet market cutting boards. Nevertheless, only
one of all interviewed stall keepers described the use of
brushing and dish detergent in their cutting board hygienic
maintenance routine.

Top layer scraping of chopping boards is not a suitable
means to ensure food contact surface hygiene. Although
scraping may be considered as an ideal monitoring method
for extracting bacteria from surfaces (Ismaïl et al., 2013), its
use as a traditional hygienic benchmark should be questioned.
The underlying issue with scraping is the level of depth at
which the top layer is removed, which also may or may not be
influenced by the technique or the handler (cf. Supplementary
Video S1), as well as the initial microbiological load before
scraping. Moreover, the knife used during scraping may also
be the same knife used during meat processing, in which
case, may transfer microorganisms onto the freshly exposed
contact surface. Future studies should, therefore, investigate and
characterize the hygienic practices in Hong Kong wet markets,
together with an extensive survey of cross-contamination risks.
Whether other food contact surface material may be used
as a suitable alternative for meat processing should also be
investigated, not only on matters about efficient cleaning and
sanitation but also on their propensity to cross-contamination
within Hong Kong’s wet market. On aspects concerning
microbial ecology on wet market cutting boards, the survival
of clinically relevant organisms, such as Klebsiella pneumoniae
associated with multi-species biofilm consortia, as well as the
transfer and spread of ARGs within such biofilms, should
also be explored.

CONCLUSION

In this study, microbial profiling was performed on cutting
boards used for processing meat in Hong Kong Island wet
markets, revealing the alarming presence of clinically relevant
microorganisms and the prevalence of antibiotic resistance
genes. While the exact transmission routes cannot be concluded
from this study alone, obtained results can nevertheless help
create awareness of the significance of cross-contamination in
Hong Kong wet markets, especially with regards to spreading
clinically-relevant strains and ARGs to other areas. This study
should, therefore, serve as a basis to review current hygienic
practices in wet markets in Hong Kong and globally on a
larger scale, thereby improving food safety and ultimately,
public health.
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