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ABSTRACT

The interactions between microbiota and food handler practices in the delicatessen
sections of a major retail group in the Western Cape were investigated in order to
establish possible relationships between food handler practices and microbial con-
tamination. The microbiota analyzed included total viable counts, total coliforms,
Escherichia coli, members of the family Enterobacteriaceae and Staphylococcus
aureus on hands and aprons of food handlers. Various groups of food handler prac-
tices were identified, using a questionnaire, and compared with microbial counts on
hands and/or aprons by means of the Kruskal–Wallis and Mann–Whitney tests.Vari-
ables were described by means, standard deviations, medians and percentiles. A sta-
tistically significant difference occurred with regard to Enterobacteriaceae counts on
aprons (P = 0.01) between respondents who had received and those who never had
received (1) training in personal hygiene as well as (2) training in general hygiene. In
both instances, respondents who had received training proved to have higher
Enterobacteriaceae counts on their aprons in particular, and the maximum values of
the organism counts were also much higher. Several studies have indicated that
although training might bring about an increased knowledge of food safety, this does
not always result in a positive change. Therefore, the type and effectiveness of train-
ing needs to be addressed.

PRACTICAL APPLICATIONS

Enforcement of legislation in itself cannot ensure safe food – there should be com-
mitment from all levels of staff, including management. Media-based hygiene moni-
toring requires incubation time for results to be obtained. By the time remedial
actions are implemented, customers could already be placed at risk and therefore a
need exists for monitoring techniques that could provide results in time for remedial
action to be effectively implemented, as well as target microbial values for hands of
food handlers and for surfaces.

As people from lower economic classes with low education levels are frequently
employed as food handlers, a major challenge in the food industry is to motivate
food handlers to apply what they have learned regarding food hygiene. Training,
including refresher training, is fundamentally important as well as periodic assess-
ments of the effectiveness of training. Routine supervision should be done in order
to ensure that procedures are being carried out effectively.
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INTRODUCTION

Several studies have indicated the relationship between
foodborne-disease outbreaks and poor personal hygiene of
food handlers (Bryan 1988; Altekruse et al. 1998; Parish 1998;
Vought and Tatini 1998; Shapiro et al. 1999; Van Tonder et al.
2007). Epidemiological research data provide a useful indica-
tion of the types of malpractice contributing to foodborne ill-
nesses, although such data do not always tell us why or how
these incidents occur – the so-called underlying causes
(Clayton et al. 2002). According to Moore and Griffith
(2002), in the majority of food processing environments, the
conditions necessary for microbial proliferation are nearly
always present, and the main purposes of ensuring high stan-
dards of cleanliness are to maintain shelf life, limit contami-
nation and to protect consumer health. The assessment of
indicator organisms is a handy tool in obtaining a measure of
the levels of contamination of particular foodstuffs as well as
the presence of pathogens. Furthermore, indicator organisms
shed light on particular sites of contamination and food han-
dling malpractices, as these organisms are associated with
specific conditions and environments. Indicator microbiota
often used in the food industry include total viable counts,
total coliforms, Escherichia coli, members of the family
Enterobacteriaceae and Staphylococcus aureus (Department
of Health, South Africa 2000). Because of concerns about
foodborne illnesses, both the food industry and the regulators
have been compelled to develop new methods of ensuring
food safety and compliance with health codes (Raval-Nelson
and Smith 1999). However, with the exception of total viable
counts, no guidelines or legislation yet exist in South Africa
regarding acceptable levels of indicator organisms on surfaces
used in food handling. In order to ensure that staff members
conform to personal hygiene requirements, two issues
should, according to Johns (1991), be considered: (1) the
environment within which the staff operates; and (2) the
“quality” of the staff members. From a food hygiene point of
view, the working environment depends on the facilities pro-
vided, which include aspects such as toilets and protective
clothing. The quality of people, among others, depends upon
their health, hygiene and habits. Evidence exists from the food
industry that transient microorganisms are transferred to the
hands during the process of handling food such as meat and
poultry, and also through poor personal hygiene after, for
example, visiting the toilet (Clayton et al. 2002; Lues and Van
Tonder 2007). Such practices could, for example, result in the
hands being heavily contaminated with enteric pathogens
(Taylor et al. 2000). Compliance could be achieved by engag-
ing only staff qualified in food hygiene or by ensuring that
new and inexperienced staff are given food hygiene training
prior to taking up their duties (Worsfold and Griffith 2003).
However, uncertainty still exists regarding the efficacy of
current food hygiene training because, according to Tebbutt

(1992) and Clayton et al. (2002), poor training has been
shown to be linked to increased health risk.

In the present study, the interactions between microbiota
and food handler practices were investigated in order to
establish possible relationships between practices and micro-
bial contamination. The benefits of such comparisons
include, among others, the possibility of consultation with
managers concerning practices that have definite effects on
patterns of microbial contamination so that corrective action
can be introduced accordingly. Furthermore, such informa-
tion adds to the understanding of the effects of handling
and process activities on microbial contamination and
proliferation.

MATERIALS AND METHODS

Questionnaire

An interview, based on a structured questionnaire, was con-
ducted among a random selection of food handlers in the
delicatessen sections of a major retail group in the Western
Cape, South Africa, totaling 35 outlets visited. The manage-
ment of the retail group granted permission for interviews to
be conducted with food handlers and samples to be taken
after a confidentiality agreement was signed. The target popu-
lation represented 50% of food handlers in delicatessen sec-
tions of retail outlets which, in turn, constituted 75% of the
total outlets in the Western Cape region. Fifty respondents
were interviewed one by one on a once-off basis during
working hours (weekdays between 10:00 and 14:00) without
previous notification of either the date or the contents of the
interview. All the interviews were conducted by the same
interviewer to limit variation. Questions were designed to
obtain information about each food handler’s knowledge of
personal hygiene, general process hygiene and training.

Sampling Protocol

Samples from the same food handlers’ hands (index fingers,
thumbs and palms of both the left and the right hands), as
well as from their aprons, were collected. The microbiota ana-
lyzed included total viable counts, total coliforms, E. coli,
members of the family Enterobacteriaceae and S. aureus.
Rodac plates (MERCK, Germiston, South Africa) containing
selected agar media were used to sample the forefinger
(S. aureus), thumb (total coliform count, E. coli and Entero-
bacteriaceae) and palm (total viable count) of the left and
right hands of each worker. Rodac plates containing the
various media were furthermore used to sample the aprons,
focusing on these areas that are predominantly exposed (six
samples were collected per apron). Colonies were differenti-
ated on appearance and color (Martley et al. 1970; Stadhoud-
ers et al. 1978; Manafi and Kneifel 1989). A total of 300
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samples were collected from the hands of food handlers
during the serving of ready-to-eat food, and a further 300
samples were collected from the aprons of food handlers. The
collected samples were stored and transported at 0C prior to
analysis.

Total Viable Counts. For the enumeration of total viable
counts, agar plates were incubated at 35C for 24 h (MERCK,
Martley et al. 1970).

Total Coliforms, E. coli and Members of the Family
Enterobacteriaceae. Chromocult coliform agar plates
were incubated at 35–37C for 24 h and typical coliforms were
salmon to red in color, while typical E. coli colonies were
dark-blue to violet in color and members of the family
Enterobacteriaceae colonies were colorless (MERCK, Kilian
and Bülow 1976; Frampton et al. 1988; Manafi and Kneifel
1989). E. coli (ATCC 25922) and Enterobacter aerogenes
(ATCC 15038) were used as positive controls, whereas a blank
agar plate was used as negative control.

S. aureus. Baird Parker agar plates (MERCK) were incu-
bated at 35C for 24–48 h and typical S. aureus colonies (black
colonies with white margins surrounded by clear zones) were
enumerated. The colonies were confirmed using the coagu-
lase test (Staphytect test kit, Oxoid) (MERCK, Niskanen and
Aalto 1978; Stadhouders et al. 1978). S. aureus (ATCC 25923)
was used as positive control and a blank plate as negative
control.

Statistical Analysis

Various groups of food handler practices were identified,
using a questionnaire, and compared with microbial counts
on hands and/or aprons of the same food handlers by means
of the Kruskal–Wallis and Mann–Whitney tests (SAS/STAT
1989). The variables selected for comparison were those that
emanated as possible points of concern. Selected variables
were compared based on their expected effects/influences on
one another. Variables were described by means, standard
deviations, medians and percentiles.

RESULTS AND DISCUSSION

The Health Regulations (Republic of South Africa 1999) pre-
scribe that a hand-washing facility and hot and/or cold water
together with a supply of soap be available for the washing of
hands by workers on a food premises. A simple wash with
soap and water has shown to be sufficient to remove organ-
isms on contaminated hands (Cruickshank 1990). In Table 1,
the organism counts on hands were compared with three
practices of hand washing that included: cold water, soap and
a nailbrush (Group 1); hot water, soap and a nailbrush

(Group 2); and hot and cold water and soap (Group 3). The P
values remained above 0.01 (Table 1), and therefore no statis-
tically significant differences could be found between the
numbers of organisms (total viable counts [P = 0.41], total
coliforms [P = 0.50], E. coli [P = 0.14], members of the family
Enterobacteriaceae [P = 0.18] and S. aureus [P = 0.55]) and
the three means of hand washing (Group 1: cold water, soap
and a nailbrush; Group 2: hot water, soap and a nailbrush;
Group 3: hot and cold water and soap). Therefore, the various
means of hand washing identified in this study appeared to be
equally effective. A simple wash with hot and/or cold water
and soap was found to be sufficient, and the use of nailbrushes
showed no effect. The possibility should be borne in mind,
however, that respondents who indicated that they used nail
brushes when washing their hands might have failed to do so
on the particular day of sampling.

Cleaning of surfaces should remove food residues and dirt
that could be sources of contamination (Codex Alimentarius
1997). The organism counts on hands were consequently
compared with the means of cleaning of surfaces in the
delicatessens (Table 2). In this study, two means of clean-
ing of surfaces were assessed. Group 1 was identified as
using cold water and detergent and Group 2 as using hot
water and detergent. No statistically significant differences
were found between the two groups for total viable counts

TABLE 1. DIFFERENCES AMONG ORGANISM COUNTS ON HANDS:
THREE MEANS OF HAND WASHING

Groups n X SD Min/max
Median
(interquartile range) P

Total viable counts
Group 1 8 40 33 7–88 32 (12–67) 0.41
Group 2 22 26 20 5–78 29 (6–36)
Group 3 20 22 15 2–59 21 (10–34)
Coliforms
Group 1 8 3 3 0–8 2 (1–4) 0.50
Group 2 22 3 4 0–13 1 (0–7)
Group 3 20 2 4 0–13 1 (0–4)
Escherichia coli
Group 1 8 0 0 0 0 0.14
Group 2 22 0 2 0–8 0
Group 3 20 0 0 0 0
Enterobacteriaceae
Group 1 8 6 7 0–18 4 (1–12) 0.18
Group 2 22 5 5 0–16 5 (1–8)
Group 3 20 3 5 0–16 1 (0–6)
Staphylococcus aureus
Group 1 8 38 31 3–98 33 (14.5–55) 0.55
Group 2 22 26 25 2–88 14 (7–50)
Group 3 20 29 25 2–90 22 (9–44)

n = number of respondents; X = mean organism count (all organisms
enumerated as cfu.cm2); interquartile range: 25th–75th percentiles;
P = significance.
SD, standard deviation.
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(P = 0.38), total coliforms (P = 0.68), E. coli (P = 0.37),
Enterobacteriaceae (P = 0.60) or S. aureus (P = 0.17). These
results indicated that the temperature of the water used for
cleaning of surfaces did not play a significant role (when used
with detergent) with regard to organism counts found on
hands. Food hygiene training is fundamentally important,
and food handlers should boast the necessary knowledge and
skills to enable them to handle food hygienically (Codex Ali-
mentarius 1997). Clayton et al. (2002) suggest that there is no
simple link between training, knowledge and food safety
practices, and the barriers preventing food handlers from
implementing food safety practices need to be taken into
consideration when strategies are developed to change food
handling practices.

In Table 3, the organism counts on aprons were compared
between the respondents who indicated that they had
received training in personal hygiene and those who had
never received training in aspects of personal hygiene. No sta-
tistically significant differences were found for total viable
counts, total coliforms, E. coli or S. aureus between respon-
dents who had and those who never had received training in
personal hygiene (P > 0.01). However, a statistically signifi-
cant difference occurred with regard to Enterobacteriaceae
counts on aprons (P = 0.01) between respondents who had
received and those who never had received such training. It
was, however, interesting to note that respondents who had
received training proved to have higher Enterobacteriaceae
counts on their aprons in particular. The maximum values of
the organism counts were also much higher for respondents
who had received training in personal hygiene (Table 3).

Although one would expect respondents who had received
training to have lower organism counts on their aprons, it
may be possible that such individuals are more aware of the
wiping of hands and utensils against aprons.

In addition, Table 3 compares the organism counts on
hands between respondents who had received training in per-
sonal hygiene and those who had never received training in
personal hygiene. No statistically significant differences were
found for total viable counts (P = 0.59), total coliforms
(P = 0.83), E. coli (P = 0.46), Enterobacteriaceae (P = 0.62) or
S. aureus (P = 0.06) between respondents who indicated that
they had received training in personal hygiene and those who
indicated that they had received no training. Because organ-
ism counts on hands were relatively low, one would assume
that respondents who had never received training in personal
hygiene followed, through observation, the example of those
who had received training. This might explain the fact that no
statistically significant differences occurred as mentioned
above (P > 0.01).

Training in food hygiene will only be effective if systems are
in place to encourage food handlers to implement good

TABLE 2. DIFFERENCES AMONG ORGANISM COUNTS ON HANDS:
MEANS OF CLEANING SURFACES

Groups n X SD Min/max
Median
(interquartile range) P

Total viable counts
Group 1 11 24 22 5–78 20 (6–35) 0.38
Group 2 39 28 21 5–88 24 (10–38)
Coliforms
Group 1 11 3 4 0–13 1 (0–5) 0.68
Group 2 39 8 4 0–13 1 (0–4)
Escherichia coli
Group 1 11 0 0 0 0 0.37
Group 2 39 0 1 0–8 0
Enterobacteriaceae
Group 1 11 4 5 0–16 1 (0–6) 0.60
Group 2 39 5 5 0–18 3 (1–8)
Staphylococcus aureus
Group 1 11 19 18 2–63 14 (7–23) 0.17
Group 2 39 32 27 2–98 25 (10–52)

n = number of respondents; X = mean organism count (all organisms
enumerated as cfu.cm2); interquartile range: 25th–75th percentiles;
P = significance.
SD, standard deviation.

TABLE 3. DIFFERENCES AMONG ORGANISM COUNTS ON APRONS
AND DIFFERENCES AMONG ORGANISM COUNTS ON HANDS:
TRAINING IN PERSONAL HYGIENE

Groups n X SD Min/max
Median
(interquartile range) P

Total viable counts
Aprons 42 16 15 1–79 13 (6–19) 0.98

8 16 13 4–43 11 (8–22)
Hands 42 26 20 2–88 25 (9–36) 0.59

8 32 28 6–88 20 (14–49)
Coliforms
Aprons 42 1 2 0–9 1 (0–1) 0.10

8 2 2 0–6 1 (1–3)
Hands 42 3 4 0–13 1 (0–5) 0.83

8 2 2 0–5 1 (1–3)
Escherichia coli
Aprons 42 0 0 0 0 1

8 0 0 0 0
Hands 42 0 1 0–8 0 0.46

8 0 0 0 0
Enterobacteriaceae
Aprons 42 3 5 0–29 1 (1–3) 0.01

8 0 1 0–2 0 (0–1)
Hands 42 4 5 0–16 3 (1–6) 0.62

8 7 7 0–18 5 (1–14)
Staphylococcus aureus
Aprons 42 10 14 1–62 4 (2–9) 0.76

8 11 15 1–45 7 (2–11)
Hands 42 25 21 2–71 16 (7–41) 0.06

8 53 36 5–98 48 (25–89)

n = number of respondents; X = mean organism count (all organisms
enumerated as cfu.cm2); interquartile range: 25th–75th percentiles;
P = significance.
SD, standard deviation.
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practice, and when the effectiveness of a training program is
dependent on the attitude of managers and the hygiene
culture of an organization (Clayton et al. 2002). In Table 4,
the differences among organism counts on aprons are shown
in relation to general hygiene training. Forty-two respon-
dents indicated that they had received training in general
hygiene, while seven respondents indicated that they had
never received training. Except for Enterobacteriaceae counts
(P = 0.01) that differed significantly between the two groups,
no statistically significant differences were found for organ-
ism counts between respondents who indicated that they had
received training and those who never had received training
in general hygiene (Table 4). Enterobacteriaceae counts were
found to be higher on aprons of respondents who indicated
that they had received training in general hygiene and the
maximum organism count values were also higher. When
organism counts on hands were compared between respon-
dents who had received training in general hygiene and those
who had never received general hygiene training, no statisti-
cally significant differences could be found (P > 0.01)
(Table 4). If the training received were sufficient, one would

have expected to find significantly lower organism counts on
the hands of those respondents who had received training in
general hygiene.

The Codex Alimentarius (1997) and the Health Regula-
tions (Republic of South Africa 1999) specify that food han-
dlers should maintain a high degree of personal cleanliness
and should wear suitable and clean protective clothing that
should at all times during the handling of food be in such a
clean condition and of such design and material that it
cannot contaminate food. Table 5 shows the relationships
among organism counts on aprons and the frequency of
replacing aprons (Group 1 is defined as respondents who
replaced their aprons with clean ones once per day and
Group 2 as respondents who replaced their aprons with
clean ones two to more than five times per day). No statisti-
cally significant differences were found for total viable
counts, total coliforms, E. coli, Enterobacteriaceae or
S. aureus between respondents who replaced their aprons
once per day (Group 1) and those who had replaced their
aprons two to more than five times per day (Group 2)
(Table 5). Because no statistically significant differences
were found for organism counts on aprons between respon-
dents who replaced their aprons once per day and those
replacing it two to more than five times per day, these data
suggest that aprons should only be replaced when dirty, but
at least once per day.

According to local legislation, no food handler is allowed to
touch ready-to-consume non-prepacked food with his or her
bare hands, unless it is unavoidable for preparation purposes,
in which case such food should be handled in accordance with
good manufacturing practices (Republic of South Africa

TABLE 4. DIFFERENCES AMONG ORGANISM COUNTS ON APRONS
AND DIFFERENCES AMONG ORGANISM COUNTS ON HANDS:
TRAINING IN GENERAL HYGIENE

Groups n X SD Min/max
Median
(interquartile range) P

Total viable counts
Aprons 42 17 16 1–79 13 (6–19) 0.66

7 12 8 4–26 10 (6–17)
Hands 42 26 20 2–88 25 (9–36) 0.94

7 29 28 6–88 17 (13–39)
Coliforms
Aprons 42 1 2 0–9 1 (0–1) 0.10

7 2 2 0–6 1 (1–3)
Hands 42 3 4 0–13 1 (0–5) 0.79

7 2 2 0–5 1 (1–4)
Escherichia coli
Aprons 42 0 0 0 0 1

7 0 0 0 0
Hands 42 0 1 0–8 0 0.46

7 0 0 0 0
Enterobacteriaceae
Aprons 42 3 5 0–29 1 (1–3) 0.01

7 0 1 0–2 0
Hands 42 5 5 0–16 3 (1–7) 0.98

7 6 7 0–18 1 (0–14)
Staphylococcus aureus
Aprons 42 10 14 1–62 4 (2–9) 0.85

7 6 5 1–12 6 (1–10)
Hands 42 24 21 2–71 16 (7–41) 0.10

7 54 39 5–98 45 (10–90)

n = number of respondents; X = mean organism count (all organisms
enumerated as cfu.cm2); interquartile range: 25th–75th percentiles; P
= significance.
SD, standard deviation.

TABLE 5. DIFFERENCES AMONG ORGANISM COUNTS ON APRONS:
REPLACING OF APRONS

Groups n X SD Min/max
Median
(interquartile range) P

Total viable counts
Group 1 18 13 10 1–43 11 (6–19) 0.51
Group 2 32 18 17 1–79 12 (9–20)
Coliforms
Group 1 18 1 1 0–2 0 (0–1) 0.08
Group 2 32 1 2 0–9 1 (0–2)
Escherichia coli
Group 1 18 0 0 0 0 1
Group 2 32 0 0 0 0
Enterobacteriaceae
Group 1 18 2 3 0–11 1 (1–2) 0.86
Group 2 32 2 6 0–29 1 (0–3)
Staphylococcus aureus
Group 1 18 11 17 1–62 3 (2–10) 0.57
Group 2 32 9 13 1–46 5 (2–10)

n = number of respondents; X = mean organism count (all organisms
enumerated as cfu.cm2); interquartile range: 25th–75th percentiles;
P = significance.
SD, standard deviation.

MICROBIOTA AND FOOD HANDLER PRACTICES I.S. HUMAN and R. LUES

126 Journal of Food Safety 32 (2012) 122–128 © 2011 Wiley Periodicals, Inc.



1999). Transfer of bacteria from contaminated surfaces or
hands to cooked food is a contributing factor in many out-
breaks of food poisoning, and the importance of cross-
contamination should not be underestimated (Tebbutt 1984).
The difference among organism counts on aprons in relation
tothereplacingof gloves is showninTable 6.Fourrespondents
replaced their gloves two to five times per day,while 46 respon-
dentsreplacedtheirglovesmorethanfivetimesperday.Nosta-
tistically significant differences were found for total viable
counts (P = 0.39); total coliforms (P = 0.75), E. coli (P = 1),
Enterobacteriaceae (P = 0.97) or S. aureus (P = 0.29) between
those respondents replacing their gloves two to five times per
day and those who replaced their gloves more than five times
per day (Table 6). In addition, with regard to the relationship
between organism counts on hands and the replacing of gloves
(two to five times per day and more than five times per day),no
statistically significant differences were found (P > 0.01).
Although the organism counts on aprons and on hands in rela-
tion to the replacing of gloves showed no statistically signifi-
cant differences, it should be kept in mind that gloves can be
sources of cross-contamination just as much as unwashed

hands, and the importance of replacing gloves frequently
should be emphasized.

CONCLUSION

It became evident from the data that the only relationship
between microbiota and food handler practices identified in
this study was with regard to training in personal and general
hygiene which showed in two instances (Enterobacteriaceae
on aprons) that training actually had a detrimental effect on
the level of hygiene. Thus, some results from this study
suggest that the particular training provided by the service
provider in personal and general hygiene did not necessarily
have the required effect. Therefore, in this study, the presence
of organisms on hands and aprons could be related to influ-
ences other than the means of hand washing, the means of
cleaning surfaces, training in personal and general hygiene
and the replacing of aprons and gloves. Such influences might
include, among others, bioaerosol contamination as well as
contaminated surfaces. Several studies (Tebbutt 1992; Rennie
1994, 1995; Ehiri et al. 1997; Kirby and Gardiner 1997; Powell
et al. 1997; Mortlock et al. 2000; Clayton et al. 2002; Walker
et al. 2003; Worsfold and Griffith 2003; Nieto-Montenegro
et al. 2008; Pilling et al. 2008) have indicated that although
training might bring about an increased knowledge of food
safety, this does not always result in a positive change. The
type and effectiveness of training needs to be addressed by,
among others, accreditation of training service providers and
provision of standardized training material, and curricula.
Standards or legislation regarding accreditation of food safety
trainers in South Africa are currently either still lacking or not
enforced satisfactorily. In cases where personnel received
training, it is advisable that records be kept with information
such as attendance registers, type of training (skills training or
general food safety training), duration of training and proof
that at least 80% of trainees understood the information
(verbal or written exams or observation during the produc-
tion process). This information is important and may be
useful to prove the effectiveness of such training.
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