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Abstract

Food delivery services have contributed to the food security of its patrons by making ready-to-eat food more accessible.
However, sanitary conditions under which food is delivered can threaten this security. This study evaluated the delivery boxes'
microbial contamination as an index of hygiene compliance of the delivery personnel. Swaps were taken from the delivery
boxes of twenty (20) conveniently sampled food delivery personnel at the beginning and the end of the week. The microbial
contamination of the boxes was determined using standard methods. The cleanliness of the boxes was qualitatively evaluated
with the aid of an observation guide. The mean ranges of total aerobic count (5.61 — 6.03 LogCFU/cm?), coliforms (5.23 — 6.33
LogCFU/cm?), Escherichia coli (3.00 — 3.60 LogCFU/cm?) and Staphylococcus aureus (3.00 — 3.554 LogCFU/cm?) counts
were higher than the acceptable safe limits. The microbial loads were lower at the beginning of the week than at the end of the
week; however, the differences were not statistically significant (p > 0.05). The microbes identified were indicative of human
and faecal contamination and poor hygiene by the personnel. The delivery boxes sampled are unsanitary for food
transportation, therefore, training and regulatory enforcement are vital to improve hygienic compliance of the food delivery
personnel and to ensure consumer protection.
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1. Introduction

Ghana's online food delivery business is gaining momen-
tum, driven by urbanisation, the growing middle class, and
changing consumer habits, especially after the COVID-19
pandemic [1]. Food delivery has become an integral part of
the food service business, offering the convenience of having
meals delivered to customers’ doorsteps [2]. The food deliv-
ery service has the potential to improve access to nutritious
food, especially in areas where ready-to-eat foods are diffi-
cult to find, and in situations where cooking is either impos-

sible or not convenient. According to Mfon & Uford [3],
most patrons of food delivery services are workers and stu-
dents, and it is a means used to access nutritious hot meals
conveniently. This has helped the growth of the food service
sector as most restaurants and food vendors are increasing
their customer base and profits. However, dark kitchens are
proliferating, raising major food safety concerns [4]. The
online food delivery platforms have created food delivery
jobs, especially for the youth [5, 6]. Food delivery is mostly
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done by motorbike riders who transport the food in metal
boxes or insulated bags [7, 8]. The delivery riders are the
food handlers who liaise between the restaurant or the food
vendor and the consumer. These riders are responsible for
maintaining the integrity of the meals they transport to their
customers [9, 10]. The riders are to ensure that the food items
are delivered safely. Consumers, on the other hand expect
prompt delivery under sanitary conditions [11, 12]. Poor
temperature control, unsanitary storage conditions and poor
hygiene practices make transported food vulnerable to con-
tamination [13]. Research indicates that most food delivery
personnel do not undergo food safety training, resulting in
ineffective equipment cleaning practices and handling [14,
15]. During peak hours and days, delivery personnel make
several trips. The hygiene consciousness of these personnel
will influence the extent of hygiene compliance which in-
volves frequent cleaning and sanitizing of the delivery boxes
at least before and after work and in the event spillages are
experienced. The sanitary condition of the delivery box could
be used as an indicator of the hygiene compliance of these
delivery personnel. The diversity of food offered and the
convenience that comes with the ease of food accessibility
through delivery services have improved the food security of
some consumers. This food security will be threatened if the
safety of the food delivered is compromised. The sanitary
conditions of the delivery boxes used are vital to maintaining
the hygiene of delivered food. Transportation of food under
sanitary conditions is important to prevent contamination,
maintain food quality, and support public health. It also en-
hances brand reputation and customer loyalty. Sanitary

transportation is therefore a non-negotiable requirement in
the food delivery business.

There is limited research on delivery riders’ hygiene prac-
tices. As such, there is a lack of empirical evidence to prompt
food safety training to protect consumers from potential
food-borne illnesses related to the sanitary transportation
conditions in Ghana. Therefore, this study aimed to evaluate
the microbial contamination and safety of delivery boxes
used by food delivery service personnel in Accra, Ghana.
This study was conducted based on two assumptions. Thus,
delivery personnel clean their boxes daily. However, deep
cleaning and sanitizing are done at the end of the week.
Therefore, the microbial status of the delivery boxes was
determined at the beginning and end of the week.

2. Materials and Methods

2.1. Study Area

The study was conducted in Accra (Figure 1), the capital
and largest city of Ghana which partly lies on a cliff, 25 to 40
feet high with a population of 2.5 million as of 2020 [16].
The study adapted a cross-sectional approach using a con-
venient sampling plan to obtain forty (40) swab samples at
two (2) time points, thus the beginning (Monday) and end of
week (Friday) from the food delivery personnel who volun-
tarily accepted to be part of the study.
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Figure 1. Map of Accra, Ghana.
2.2. Sampling ter and used to swab a 100cm” area inside the delivery boxes

Sterile swabs were moistened in sterile 0.1% peptone wa-

of the conveniently sampled food delivery personnel. The
swabs were then transported on ice to the Microbial Biotech-
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nology Laboratory of the Department of Biochemistry and
Biotechnology, Kwame Nkrumah University of Science and
Technology (KNUST), Kumasi-Ghana for analysis.

2.3. Materials and Reagents

The agars used were products of OXOID Laboratories,
Basingstoke Hampshire, England. They included Mannitol
Salt Agar (MSA) for the isolation of Staphylococcus, Bril-
liance E. coli, selective agar for the isolation of E. coli, and
MacConkey Agar (MA) for total Coliform count, Violet Red
Bile Glucose Agar (VRBGA) for the enumeration of Entero-
bacteriaceae, Xylose Lysine Deoxycholate (XLD) agar for
the isolation and detection of Salmonella, Plate Count Agar
(PCA) for total aerobic/mesophilic count and Potato Dex-
trose Agar (PDA) for yeast and mould count.

2.4. Serial Dilution

The swabs were suspended and homogenised in 10 ml 0.1%
peptone solution to obtain the stock from which subsequent
dilutions were performed to obtain a six-fold dilution (10°®)
by transferring one millilitre (1 ml) of the stock into nine
millilitres (9 ml) of sterile diluent and repeated for subse-
quent dilutions in successions.

2.5. Quantitative and Qualitative Bacteria
Analysis

The quantitative assay was carried out to determine the
bacteria and fungi population in delivery boxes as an index
of microbial quality and safety. The qualitative aspect of the
assay focused on the isolation, characterization and identifi-
cation of pathogens as an index of surface quality and safety.
The parameters considered were total aerobic/mesophilic
count, total Coliform count, enumeration of Enterobacteri-
aceae, faecal Coliform count, yeast count, and mould count.
The pathogens targeted in the study include Escherichia coli,
Salmonella typhi, Shigella, Staphylococcus aureus and other
Staphylococcus species.

The total aerobic count was carried out by spread plate
method on Plate Count Agar (PCA). Aliquots of two hundred
microliters (200ul) from the stock and subsequent dilutions
were inoculated into petri dishes containing plate count agar
(PCA). The inoculum was evenly spread with a sterile bent
rod and allowed to dry for 15 min at room temperature
(27<C). The plates were inverted and incubated at 37 <€ for
24 h. The presence of visible distinct colonies on the plates
after incubation were enumerated and recorded. Sterile plates
were incubated with diluent as negative controls for the as-
say [17, 18].

Aliquots of two hundred microliters (200ul) from the
stock and subsequent dilutions were inoculated into Petri
dishes containing MacConkey agar in triplicates. The inocu-
lum was evenly spread with a sterile bent rod and dried for
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15 min at room temperature (27 <C). The plates were inverted
and incubated at 37 <€ for 24 h. The presence of visible col-
onies on the agar plates was enumerated and recorded. Rep-
lica plates were incubated at 45<C for 24, and the colonies
formed were enumerated and recorded for total coliforms
[19].

The population of Enterobacteriaceae in the delivery box-
es was enumerated on Violet Red Bile Glucose Agar
(VRBGA) using the spread plate technique and inoculum
volume of 0.2 ml of the dilutions. The plates were incubated
at 37 <€ for 24 h and the appearance of purple colonies was
enumerated and documented [20].

Staphylococcus species were enumerated by spread plate
method and grown on Salt Mannitol Agar (MSA). Aliquots
of two hundred microliters (200ul) from each of the dilutions
were inoculated into already prepared petri dishes of MSA.
The inoculum was evenly spread with a sterile bent rod and
allowed to dry for 15 min at room temperature (27 <C). The
plates were inverted and incubated at 37<C for 24 h. After
incubation, yellow colonies were counted and recorded as
Staphylococcus aureus counts. The pink colonies that were
detected on the plates were isolated and enumerated for
Staphylococcus epidermidis [20, 21]

The presence of E. coli was determined by spreading an
aliquot of 0.1 ml of stock dilution of the samples on sterile
plates of Brilliant E. coli selective agar and incubated at
37<C for 24 h. The presence of E. coli was confirmed by the
formation of a deep blue to purple coloured colony on the
agar plate. The identified colonies were enumerated and doc-
umented [22].

The presence of Salmonella and/ Shigella spp was deter-
mined by adding 1ml of stock dilution in 2% peptone solu-
tion as pre-enrichment subsequent to enrichment in Rapap-
port Vassliadis Broth (RVB). Aliquot of 0.01ml from the
RVB was transferred unto sterile plates of Xylose Lysine
Deoxycholate (XLD) agar using the spread plate technique
and incubated at 37<C for 24 h. The presence of Salmonella
was confirmed by the formation of yellow colonies with a
black spot on the agar plate. The identified colonies were
enumerated and documented [19].

2.5.1. Isolation, Characterization and ldentification
of Bacteria Pathogens

Pure colonies of suspected pathogens from their respective
agar were subcultured on fresh nutrient agar and were identi-
fied using biochemical tests including the catalase test, cit-
rate test, triple sugar iron test and Gram staining aided by the
phylogenic tree to the genus level.

The gram staining method was to distinguish and classify
bacterial species into two large groups; Gram positive and
Gram-negative bacteria. A smear of each colony was fixed
by passing it over a flame. The fixed slides were flooded
with crystal violet, allowed 1 min, and washed off after
flooding with Gram’s iodine as a mordant, followed by alco-
hol wash as a decolourizer. The slides were counterstained
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with 1% safranin for one (1) min and washed gently with
water, air-dried and viewed under a light microscope under
oil immersion [23].

The catalase test was used to determine the presence of the
enzyme catalase, which is capable of hydrolysing hydrogen
peroxide (H,0,) to water (H,0) and oxygen (O,) with visible
effervescence in isolates. A solution of 3% H,0, was prepared
and dropped on a glass slides. A sterile wooden pick was
used to transfer pure colonies to the slides and observed for
the formation of bubbles or effervescence [24].

In conducting the citrate test, agar slants of Simmons cit-
rate agar were prepared in sterile tubes and inoculated with
test isolates by double streaking on the slant and stabbing to
the bottom tube. The tubes were incubated at 37°C for 24 h
and observed for colour change [25].

Pure colonies of test isolates were inoculated on agar
slants of triple sugar iron following the same inoculation
protocol used in the citrate test under the same incubation
conditions and observed for colour changes after 24 h.

2.5.2. ldentification of Coliform and
Enterobacteriaceae Using the API

The oxidase positive bacteria isolate from Violet Red Bile
Glucose Agar (VRBGA) and MA plates were sub-cultured to
obtain pure cultures which were subjected to identification
using the Analytical Profile Index (API) test kit and their
identities confirmed from the online site [20].

2.6. Quantitative and Qualitative Fungi
Analysis

The yeast and mould contamination levels of the delivery
boxes were determined using the spread plate method of in-
oculation on potato dextrose agar (PDA). Aliquots of one
milliliter (1 ml) from the raw sample and each of the dilu-
tions were inoculated into petri dishes containing potato dex-
trose agar (PDA) in triplicates. The inoculum was evenly
spread with a sterile bent rod and allowed to dry for 15 min
at room temperature. The plates were incubated at 27 <€ for
five days. The presence of visible colonies on the agar plates
was enumerated and recorded for yeast and moulds. The
yeasts were distinguished from moulds using their morpho-
logical differences on the agar plates and enumerated accord-
ingly.

The colonies with unique morphologies were isolated and
subcultured on fresh potato dextrose agar and subjected to
characterization and identification using their micromorpho-
logical characteristics [26]

2.6.1. Characterization and Identification of Yeast
from Swabs of Delivery Boxes
The yeast colonies were isolated and characterized based

on their morphological uniqueness on agar plate using prop-
erties such as colour, shape, margin, size, elevation, optical
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and surface properties. Unique colonies were subcultured to
obtain pure colonies and subjected to microscopic proce-
dures for micromorphological characterization.

The colonies were stained following the same Gram stain-
ing protocol as used for the bacteria isolates above. The
stained slides were observed under oil immersion for Gram
reaction as shape of cells. Gram positive oval shaped cells
were confirmed as yeast while other reactions and morphol-
ogies were rejected.

Further colony smears were made on water slides and
covered with cover slips for observation under high power
(>40) using a bright field light microscope for detection of
budding cells and shape in the identification of Saccharomy-
ces species. Glucose (1%) was added to the smear medium
on separate slides and observed for the formation of bubbles
due to fermentation of the sugar as confirmation of Saccha-
romyces cerevisiae [27].

2.6.2. Isolation, Characterization and ldentification
of Moulds from Swabs of Delivery Boxes

The mould isolates which appeared on the agar plates after
incubation were subcultured to obtain pure colonies, and
were characterized and identified using their macro and mi-
cromorphological properties. The macromorphological prop-
erties considered in the study include the shape, size, colour,
reverse colour and spore colouration of the isolates.

Water slides were prepared from colonies of the moulds
and observed at low and high-power magnification using a
light microscope for the mycelia, hyphae, sporangiophore
and sporangia colouration and morphology. A reconciliation
of the macro and micromorphological characteristics was
used for the mould identification [28].

2.7. The Cleanliness of the Delivery Boxes

The cleanliness of the delivery boxes was assessed
through the visual inspection at the point where the time the
swaps being taken. The boxes were inspected both internally
and externally and observed for the presence of visible dirt,
grease, food particles, or any signs of spillage or contamina-
tion. The rubrics used to evaluates the extent of cleanliness
of the delivery boxes were as follows: 0 — 100: Dirty, 100 —
200: Very dirty, 200 — 300: Extremely dirty.

2.8. Statistical Analysis

The GraphPad Prism 5.0 software was used to analyze the
data obtained from the quantitative assays. Sample means
were tested for levels of significance using the One-way
ANOVA tool at 95% confidence level. The differences in
means were judge significant when the p value obtained
from the statistical computation is lesser than alpha value of
0.05 (p<0.05) and not significant when the p value is greater
than 0.05 (p>0.05). The relationship between the cleanliness
of the delivery boxes and the mesophilic count were also
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determined.

3. Results

The microbial safety of the delivery boxes was assessed
using both quantitative and qualitative indicators. The
findings of this study showed that there are significant
levels of bacterial and fungal contamination of the deliv-
ery boxes.

3.1. Total Aerobic Count

The results indicated no statistically significant difference
(p > 0.05) in the mean mesophilic bacteria count of the de-
livery boxes at the beginning and close of the working week.
The mean total mesophilic bacteria count of the delivery
boxes were 5.68 Log CFU/cm? and 6.03 Log CFU/cm? for
the beginning and end of the working week respectively (Ta-
ble 1). The results of this study are higher than the observed
values reported from other studies. Zulfakar et al [29] ob-
served lower mesophilic counts on food contact surfaces in

residential college cafeterias at a local university in Malaysia.

Cetin et al [30] also found mesophilic bacterial counts rang-
ing from 10=FU/cm? on food contact surfaces. This shows

varying levels of contamination in the different environments.

3.2. Coliform and Enterobacteriaceae
Contaminants

The presence and level of Coliform and Enterobacteri-
aceae contaminants were also assessed as an index of micro-
bial safety as some species within this family are known to
be pathogenic and agents of disease transmission and spread.
The assay established the presence of Coliforms in the deliv-
ery boxes of the food delivery personnel with mean counts of
5.23 Log CFU/cm? and 6.33 Log CFU/cm? at the beginning
and close of the working week, respectively. Again, it was

observed that the contamination levels increased at the close
of the working week, however, this increase was not statisti-
cally significant (p > 0.05). Total coliform counts between
0.36 and 2.52 LogCFU/cm? on food contact surfaces have
been reported [20]. These values are substantially lower than
the counts observed in this study. Biranjia-Hurdoyal [31]
also indicated the presence of coliforms on kitchen tables in
Canadian households.

The mean Enterobacteriaceae counts were between 3.70
and 3.94 LogCFU/cm? at the start and close of week respec-
tively (Table 1). According to the FAO, [32] Enterobacteri-
aceae > 3 LogCFU/cm=on food contact surfaces is unac-
ceptable. Touimi et al [33] observed a maximum Enterobac-
teriaceae count of 5.26 LogCFU/cm=in their study. The
mean Enterobacteriaceae count of the delivery boxes as ob-
tained in this study appeared slightly high at the close of the
working week as depicted in Table 1, however, this increase
was not statistically significant (p > 0.05).

Faecal contamination of the delivery boxes was estab-
lished as E. coli was detected with counts of 3.00 Log-
CFU/cm’ at the beginning of the week and 3.60 Log-
CFU/cm? at the end of the week. The mean E. coli counts at
the beginning and close of the working week did not differ
significantly (p > 0.05). Mohammed et al. [34] observed E.
coli contamination on food contact surfaces in commercial
restaurants while Biranjia-Hurdoyal [31] observed the same
from kitchen tables. No Salmonella species were detected in
the delivery boxes sampled in this study.

S. aureus contamination was detected in the delivery box-
es. The mean count at the beginning of the week was 3 Log-
CFU/cm?, which increased to 3.54 Log CFU/cm? by the end
of the week (Table 1), however not significantly (p > 0.05)
(Table 1). S. aureus contamination (6.22 Log CFU/cm?) on
food contact surfaces in restaurants has been reported [33].
Biranjia-Hurdoyal [31] also reported the presence of S. aure-
us on kitchen tables.

Table 1. Mean bacterial contamination levels found in delivery boxes.

Mean Bacteria count, Log CFU/cm? (Mean =SEM)

Category

TAC Coliform Enterobacteriaceae E. coli S. aureus S. typhi
BW 5.6840.26 5.2340.31 3.7040.21 3.0040.25 3.0040.28 ND
EW 6.0340.34 6.33140.43 3.9440.22 3.6040.24 3.5440.20 ND
P value 0.23 0.78 0.28 0.17 0.22

Data presented as Mean Log CFU/cm? +Standard Error of Mean (SEM), Values are means of triplicates of 20 samples

TAC: Total Aerobic Count
BW: Beginning of the week
ED: End of week
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3.3. Other Bacteria of Safety Significance

The characteristics and identity of the bacteria contami-
nants isolated from the delivery boxes were determined as an
index of safety to ensure no extreme pathogen other than the
targeted species (Staphylococcus aureus, Escherichia coli
and Salmonella typhi) is colonizing the surfaces of the deliv-
ery boxes. The macromorphological characteristics of the
isolated colonies presented with diverse features are present-
ed in Table 2. A total of nine (9) unique isolates were ob-
tained from the various media plates. Biochemical and mi-
croscopic assays carried out on the bacteria isolates indicated
the presence of Bacillus sp., Staphylococcus sp., Acinetobac-
ter, Streptococcus sp., and Pseudomonas sp., were also colo-

nizing the delivery boxes assayed in the study (Table 3).
Studies have shown that Bacillus species frequently contam-
inate food and food contact surfaces [35-38]. The presence of
Acinetobacter in food-related environments is less common
however, these bacteria can survive on various surfaces, in-
cluding food contact materials, particularly in environments
with poor hygiene. Pseudomonas sp have been isolated from
kitchen tables. Their presence is common in wet environ-
ments and on surfaces that are frequently exposed to mois-
ture [36]. The Gram-negative bacteria isolates were further
identified using the Analytical Profile Index (API) identifica-
tion and were confirmed to be Pseudomonas stutzeri (Table
4).

Table 2. Macromorphological characteristics of bacteria isolates from motorbike delivery boxes

Opacity Shape Size Colour Margin Elevation
Opaque Circular Small White Even Flat
6 (67%) 6 (67%) 13 (52%) 2(22%) 6 (67%) 6(67%)
Translucent Irregular Medium Yellow Undulate Raised
3 (33%) 3 (33%) 8 (32%) 2 (22%) 3 (33%) 3(33%)
Cream
5 (56%)

9 (100%) 9 (100%) 9 (100%) 9 (100%) 9 (100%) 9 (100%)

Table 3. Biochemical and Microscopic ldentification of Bacteria Isolates.

Triple Sugar Iron Microscopy (Gram staining)
Isolate T1 T2 T3 Glu Lac Suc H,S Gas Shape Order Reaction Inference
P1 + + - - - - - - Rods Singular Positive Bacillus
P2 + + + - - - - - Circular Cluster Positive Staphylococcus
P3 + + + + - - - - Circular Singular Positive Acinetobacter
P4 + + + + - - + - Circular Cluster Positive Staphylococcus
P5 + + - + - - + - Circular Singular Positive Acinetobacter
P6 + + + + - - - - Circular Cluster Positive Staphylococcus
P7 - + - + - - - - Circular Chains Positive Streptococcus
V8 + + + + - - - - Rods Singular Negative Pseudomonas
V9 + + + + - - - - Rods Pairs Negative Pseudomonas

T1 - Catalase, T2 — Oxidase, T3 — Citrate, Glu — Glucose, Lac — Lactose, Suc — Sucrose, H,S — Hydrogen sulphide,
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Table 4. Identification of Gram-negative bacteria isolates from motorbike delivery boxes.

Isolate Code % ID
V8 0004654 87.1
V9 0044654 99.6

3.4. Fungal Contamination

The presence of fungal contaminants were also considered
in this study and the outcome did confirm the existence of
some yeast and mould in the delivery boxes (Table 5).

T Identity
0.44 Pseudomonas stutzeri
0.69 Pseudomonas stutzeri

The yeast and mould counts of the delivery boxes did not
differ significantly (p > 0.05) when compared at the begin-
ning of the working week to the end of week (Table 5). The
yeast counts were 2.82 Log CFU/cm? and 3.88 Log CFU/cm?
for the beginning and end of week respectively. The mould
were 2.75 and 2.72 Log CFU/cm? respectively.

Table 5. Yeast and Mould count of delivery boxes of motorbike delivery services in Accra.

Mean Fungal count, Log CFU/cm? (Mean +=SEM)

Category

Yeast
BW 2.82+0.07
EW 3.88+0.04
P value 0.0006

Mould

2.75%+0.05
2.92 #4.04
0.432

Data presented as Mean Log CFU/cm? =Standard Error of Mean (SEM), Values are means of triplicates of 20 samples

BW: Beginning of week;
ED: End of week

The macroscopic and microscopic details of the yeast and
mould isolates indicated the yeast to be Saccharomyces cere-
visiae and Rhodotorula rubra, whereas the moulds were
identified to be Aspergillus niger and Penicillium species. S.
cerevisiae are particularly present on food contact surfaces in
bakeries and breweries, where it often persisted due to its
ability to thrive in sugary environments [39]. R. rubra is
found on food processing equipment and surfaces in moist
environments, such as dairy and fruit processing plants [40,
41] whiles A. niger contamination is associated with grains,
nuts, or fruits [42]. Penicillium species are common contam-
inants on food contact surfaces, particularly in environments
where dairy products, fruits, and vegetables were handled
[42].

3.5. Sanitary Condition of Delivery Boxes

Results on the cleanliness of the delivery boxes indicated
that the delivery boxes of the motorbikes were generally very
dirty (Figure 2). There was no statistically significant differ-
ence (p = 0.054) in the state of cleanliness of the delivery
boxes at the beginning and end of the week.

There was a strong positive correlation (r=0.6362) be-
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tween the degree of dirt and level of mesophilic bacteria con-
tamination of the delivery boxes at the beginning of the week
and at the close of the week (r=0.6893) (Figure 3).

Level of dirt

c-a- 3
Q(‘

‘.‘65‘
Q\O

Days
[0 — 100: Dirty, 100 — 200: Very dirty, 200 — 300: Extremely dirty]

Figure 2. Sanitary condition of delivery boxes of motor bike deliv-
ery service providers in Accra.


http://www.sciencepg.com/journal/ijnfs

International Journal of Nutrition and Food Sciences

http://www.sciencepg.com/journal/ijnfs

4001
1=0.6362
=i 2
- 300] P=0.0026
=
~ 2004 s o o0 . o
S
<
= 1009 oe ®
0 T T 1
0 500000 1000000 1.5x1006

Mesophilic count (cfu/cmz)

A

- r=0.6893
P=0.0008
« 300+ .
T
3
—
© 200{ee o
@
»
Q
~ 100que ¢ o
0 T T 1
0 5.0x10° 1.0x107 1.5x107

Mesophilic count (cfulcm?)
B

Figure 3. Correlation between sanitary state and level of mesophilic bacterial contamination of delivery boxes of motorbike delivery service

providers in Accra at the beginning (A) and end (B) of the week.

4. Discussion

The delivery boxes are key components of the delivery
system operated by food delivery service providers as they
serve as the means of carriage and holding for the items de-
livered. These items are varied and include clothing, elec-
tronics, artefacts, cosmetics, stationary and most importantly
food. The items being delivered can either pick up biological
contaminants from the delivery boxes, thus becoming con-
taminated or act as the source of contamination to the deliv-
ery boxes. The consumer at the receiving end is exposed to
the risk of microbial contamination and infection [43, 44].

The findings of this study indicate that the level of micro-
bial contamination of the delivery boxes exceeds the safe and
acceptable limit of 1 to 3 Log CFU/ cm? for food contact
surfaces [45, 46]. The mesophilic bacteria count in this study
was generally higher than what was observed by other re-
searchers indicating inadequate cleaning. This could be a
concern, especially if pathogenic bacteria are present. The
high mesophilic bacteria count recorded in the study can be
attributed to poor sanitary and hygiene practices adopted by
the service providers and operators. The expectation was that
the delivery boxes are cleaned during the weekends in prepa-
ration for the weeks activities, thus a better microbial and

sanitary state would be achieved at the beginning of the week.

However, the outcome of the study proved otherwise as the
results indicated no statistically significant difference (p >
0.05) in the levels of contamination at the beginning and end
of the week (Table 1). This assertion is based on the observa-
tion made in this study where the mesophilic count was
slightly lesser at the beginning of the week (Tablel) indicat-
ing some form of decontamination occurs over the weekends
but is not effective, suggesting the need for an enhanced
cleaning protocol by food delivery personnel for improved
hygiene practices. Regular cleaning and disinfection of food
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transport containers to prevent high levels of microbial con-
tamination has been recommended. It is obvious cleaning of
the food boxes did not follow the standard protocol of wash-
ing and sanitising. Sanitisation after cleaning has been useful
in drastically reducing the microbial levels of surfaces [47].

The detection of some Coliforms and Enterobacteriaceae
in the swabs from the delivery boxes is an issue of public
health concern as organisms belonging to this class are
known to be pathogenic and agents of food related infections
as well as other diseases [48, 49]. The high contamination
levels recorded in this study goes to enforce the poor hygien-
ic state and practices of the food personnel in Accra. Foods
and other items being transported for delivery in these boxes
have a potential and risk of contamination from these patho-
gens and contagions, thus can be easily transferred to cus-
tomers who patronize such services in the highly urbanized
population of Accra.

The presence of Enterobacteriaceae in food or on food
contact surfaces is often used as an indicator of faecal con-
tamination. High levels suggest that hygiene practices are
inadequate and that there is a higher risk of pathogenic con-
tamination. E coli is one of the Enterobacteeriaceae with
pathogenic strains. High E. coli levels indicate faecal con-
tamination, which poses a serious risk of foodborne illnesses,
including gastroenteritis and other infections [50, 51].

Salmonella is a leading cause of foodborne illness globally,
often resulting in salmonellosis, which can cause severe gas-
trointestinal issues, fever, and occasionally more serious
complications like bacteremia or septicemia [52]. The ab-
sence of Salmonella in the tested delivery boxes indicates a
lower risk of transmission through the food delivery system.
This finding is crucial, as Salmonella infections can have
severe consequences, particularly for vulnerable groups such
as young children, the elderly, and those with weakened im-
mune systems.

The high levels of S. aureus is as a result of frequent han-
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dling of the delivery boxes. S. aureus is part of the normal
flora of the human skin and mucous membranes. Approxi-
mately 20-30% of people are persistent carriers of S. aureus,
while 60% are intermittent carriers [53].The frequent han-
dling of the delivery boxes without proper hand washing,
cleaning and disinfection of surfaces increase the S. aureus
counts. S. aureus is a well-known cause of foodborne illness,
through the production of enterotoxins [54]. The high levels
of contamination observed in the delivery boxes could pose a
significant risk to consumers.

The presence of Bacillus sp. in delivery boxes is concern-
ing because these bacteria can produce heat-resistant spores
that may survive cooking processes and lead to food spoilage
or foodborne illness [55]. Acinetobacter sp. has also emerged
as a pathogen of public health significance. Its presence in
delivery boxes indicates potential hygiene issues and raises
concerns about the possibility of antibiotic-resistant strains
contaminating food products [56]. The presence of Strepto-
coccus sp. in delivery boxes could indicate contamination
from human sources, such as handling by infected individu-
als or those carrying these bacteria asymptomatically [57].
The detection of Pseudomonas species in delivery boxes is
significant because these bacteria can cause food spoilage,
particularly if the food remains in the delivery boxes for ex-
tended periods [58].

S. cerevisiae and R. rubraon in the delivery boxes indi-
cates potential contamination from food items, packaging
materials or poor hygiene practices. As they are not typically
pathogenic, they can affect product quality. In delivery boxes,
A. niger and Penicillium could be introduced through cross-
contamination from food products or environmental expo-
sure, particularly in boxes that are not properly cleaned or
dried between uses. The presence of A. niger and Penicillium
are significant because they can produce mycotoxins, which
are harmful to human health if ingested in contaminated food.

The microbial quality of the food delivery boxes sampled
indicates that there can be potential transfer of contaminants
to the food being delivered. There is a need for cleaning and
sanitation between uses. This cross-contamination risk is
high as most of the delivery personnel transport both food
and non-food items [59]. Vulnerable member of the commu-
nity such as the convalescences, children, pregnant women
and the elderly are at a higher risk of food borne infection
and intoxication when patronizing these food delivery ser-
vices. This will impact the convenience and food accessibil-
ity to these service providers seek to offer. There is the need
for periodic spot check to ensure regulatory compliance of
the sanitary food transportation by these delivery personnel.
Food service providers who use the delivery personnel as
their third party agents are to ensure they comply with the
basic sanitary requirement to prevent negative meal experi-
ences by consumer.

5. Conclusion

The food delivery boxes by food delivery service providers
have microbial contamination of public health concern. General-
ly, the delivery boxes sampled are in unsanitary conditions and
potential sources of Staphylococcus aureus, Bacillus sp., Pseu-
domonas sp., Acinetobacter sp., Pseudomonas sp., Escherichia
coli, A. niger and S. cerevisiae contamination to patrons. The
levels of contamination of the delivery boxes at the beginning of
the week and the end of week were the same. Indicating that the
cleaning methods used by the delivery personnel do not effec-
tively decontaminate the delivery boxes. Stakeholder effort is
required to train, regulate and monitor the food delivery service
providers to ensure safe transportation of food.
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