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ABSTRACT

The food robotics revolution is driving a shift in the vending machine sector from conventional pre-packaged
sales to on-site food manufacture. As these machines develop into small-scale food processing points, it is
critical to guarantee food safety. The implementation of automated Clean-in-Place (CIP) techniques, in
addition to manual cleaning, is modelled after food production practices, where hygiene is maintained
without direct human intervention. These days, running these modern, multifunctional vending machines
requires giving the highest priority to food safety and putting rigorous control measures in practice.

This case study aimed to implement a CIP procedure in a vending machine and assess microbial
contamination. Water, blender, and smoothies were microbiologically analyzed to evaluate the microbial
safety of ingredients, equipment, and the final product.

Microbiological analysis showed that none of the samples was contaminated with three major path-
ogens: Listeria monocytogenes, Salmonella spp., and Escherichia coli. This study showed the importance of
the Clean-in-Place (CIP) process in automated vending machines.
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INTRODUCTION

Vending machines offer a variety of food and drinks like sandwiches, snacks, and hot and
cold beverages. Most of those products are pre-packaged food products and hot drinks made
from powders (Saltmarsh, 2023). Smoothies are one of the most well-liked drinks right now
due to the health and nutrition claims (Plasek et al., 2021). Vending machines now provide
shakes, hot soups, and smoothies. As food robotic technology is developing, vending ma-
chines increasingly become small food production plants (Masters, 2022). This development
also brings new challenges, such as the hygienic-sanitary requirements of the vending
machines.

In vending machine business, cleaning food contact materials is generally done by
manual on-site cleaning (Hall et al., 2007). The parts are removed by the vending operator,
brushed with detergent, and then rinsed with hot water (Saltmarsh, 2023). A disinfection
step may also be needed for some vending machines. According to Egan et al. (2007), 97% of
all foodborne outbreaks were caused by food mishandling by the operators. Hunter (1992)
claimed that the high number of total viable counts (TVC) and coliforms in drinks from
vending machines was caused by insufficient cleaning. Nelms et al. (1997) found that Ba-
cillus cereus made the workers sick after they drank hot chocolate from the contaminated
vending machine. According to this, hot drink vending machine food poisoning was the first
case that was reported.

In the food industry, Clean-in-Place (CIP) is a commonly used technique for efficiently
cleaning process equipment without disassembly or reassembly. Due to its high level of auto-
mation, CIP systems enable complete traceability of cleaning activities while delivering consis-
tent and reproducible cleaning (Moerman et al., 2013). Therefore, CIP can also be used in
vending machines to ensure food safety.

According to Matthews and Horacek (2015), most research on vending machines focused on
their accessibility, product availability, and healthfulness. There are limited studies on the
hygienic-sanitary quality of vending machines (Hunter, 1992; Hall et al., 2007; Raposo et al.,
2015; Cardaci et al., 2016; Cossu et al., 2016; Godic Torkar et al., 2017; Caggiano et al., 2023).
Crina et al. (2020) stated that good manufacturing practices (GMP) and good hygiene practices
(GHP) are the essential factors in the HACCP system to guarantee food safety. Hunter (1992)
recommended the induction of HACCP system for all vending machine companies to ensure
food safety. On the other hand, there is an absence of information on GHPs for food vending
machines. Research on the food safety of vending machines is crucial to advancing knowledge
because the on-site food processing vending machine industry is still relatively recent in the food
sector.

This work aimed to implement an automated CIP procedure into place and check how
effectively the blender cleans itself so that the hygiene of the on-site food processing vending
machine could be appropriately guaranteed.
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MATERIALS AND METHODS

Company description and scope

This study was conducted in Alberts NV, in Wijnegem, Belgium. The company produces vend-
ing machines for smoothies, soups, and healthy shakes. Freshly frozen fruits and vegetables are
blended with hot water and delivered to the customers. Even though the HACCP has been
implemented in all production lines, this work only describes how automated cleaning
procedures have been applied to the production of smoothies.

Study phases

Present work was conducted in smoothie production with a brand-new vending machine on the
production site. An accredited laboratory performed sampling and microbiological analysis to
conduct neutral studies. The method of Fernández-Segovia et al. (2014) was used when deciding
the study phases of this research. Three stages; defining microbial limits, devising the automated
cleaning programmes (ACPs), and microbial analyses-validation of the cleaning programmes
were done in order.

RESULTS AND DISCUSSION

Defining microbial limits

According to Krahulcová et al. (2021), only the presence of Escherichia coli is subject to detec-
tion limits for smoothies under European law (European Commission, 2005). In this study, in
addition to the detection limit for E. coli, microbial levels for two pathogens, Listeria mono-
cytogenes and Salmonella spp., were also employed from the regulation’s annexes when deter-
mining criteria for smoothies. Category 1.2, ‘ready-to-eat foods able to support the growth of
L. monocytogenes, other than those intended for infants and for special medical purposes
category’ was chosen for L. monocytogenes, whereas category 1.20, ‘unpasteurised fruit and
vegetable juices (ready-to-eat)’ was chosen to determine the limits for Salmonella. Microbial
limits for three pathogens are demonstrated in Table 1.

Table 1. Microbial limits of three pathogens for smoothies

Microorganism

Sampling plan Limits Analytical reference
methodn c m M

Listeria monocytogenes 5 0 Absence in 25g EN/ISO 11290-1
Salmonella 5 0 Absence in 25g EN/ISO 6579
E. coli 5 2 100 cfu g�1 1,000 cfu g�1 ISO 16649- 1 or 2

Note. n5 the number of units comprising the sample; c5 the number of sample units giving values over m
or between m and M. Adapted from Regulation of the European Commission of 15 November 2005 on
microbiological criteria for foodstuffs, 2073/2005/EC, by European Commission (2005). Copyright 2005 by
the European Commission.
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Devising the automated cleaning programmes

ACP procedure consists of three cleaning cycles. Each cycle was planned to reduce/eliminate the
microorganisms. The first cycle is called After Smoothie Cleaning and takes place after every
smoothie production. The second cleaning cycle is called the 3 Hours Cleaning Cycle and
it automatically occurs every three hours. Finally, the last cleaning cycle is called Full Cleaning
Cycle and it happens at the end of each day. Each cleaning cycle includes three stages: rinsing
with cold water, sanitizing with hot water around 85–90 8C, and sterilizing with steam more
than 100 8C. The difference between the cycles is the duration of the stages. For example, the
duration of the rinsing with cold water after smoothie cleaning cycle was longer than the other
two because the main aim of this stage was to remove the food residues from the blender.
In contrast, the duration of the sterilizing stage was the longest in 24 h full cleaning cycle since
the goal was to eliminate the microbial load at the end of the day. 3 Hours cleaning cycle is
the milder version of full cleaning cycle. The duration of the steps was decided concerning the
D-values (time to reduce the microbial population by 90%) and z-values (the number of degrees
(Celsius) required to change a D-value by one factor of ten) of the target population. Time-
temperature combinations were decided in guidance from British Retail Consortium Global
Standards (BRC, 2018). Standard states that the target microorganism L. monocytogenes must
be destroyed by a minimum temperature and time combination of 70 8C for two minutes, or an
equivalent combination of time and temperature using a z value of 7.5. The daily cycle of
cleaning programmes is represented in Table 2.

Manual cleaning of the food contact materials and the other parts of the vending machine
during refilling is still inevitable. During this study, manual cleaning was decided to be done
with food-safe antibacterial wipes and disinfectant to clean the dust and food residues from the
surfaces. Manuals were created for manual cleaning, and the operators were trained. Cleaning
procedures differ between vending machines, and the HACCP system needs to include those
specific cleaning methods for each type of vending machine (Godic Torkar et al., 2017).

Microbial analysis-validation of the cleaning programmes

This study used a rigorous sampling approach, collecting samples twice in August and October
2022, to evaluate microbial contamination in water, smoothies, and surface of blender.
To ensure statistical reliability, 26 samples in total were taken, with 13 samples obtained each
month. Aseptic sampling was used to get the samples, with sterile swabs used for the surfaces of
the blender and sterile containers used for the samples of water and smoothies. The procedures
for two days plan and sampling intervals are shown in Table 3. Samples were collected
and analyzed by the accredited laboratory according to the ISO standards mentioned in Table 1
(ISO 6579-1:2017, 2017; ISO 11290-1, 2017; ISO 16649-1, 2018).

Table 2. Properties of automated cleaning cycles

Cleaning Step Frequency Purpose

After Smoothie After each smoothie production Cleaning
3 Hours 3 h Sanitation
Full Cleaning 12 h Sterilization
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All samples were investigated to check whether they contained any of the three significant
pathogens, E. coli, Salmonella, and Listeria monoyctogenes. Three pathogens were not detected in
any of the analyzed categories after a comprehensive analysis of 26 samples taken from smooth-
ies, water, and blender swabs.

Krahulcová et al. (2021) found E. coli in one of the twenty samples when they investigated
the microbial quality of smoothies from fresh bars. Raposo et al. (2015) concluded that food
mishandling and lack of temperature control may be the reasons for detecting L. monocytogenes
from samples in vending machines. On the contrary, Hall et al. (2007) investigated hot-drinks
vending machines and concluded that detergent-based weekly on-site manual cleaning effi-
ciently kept the microbial load at a desired level.

Our study was conducted on a brand-new machine. Thus, those results cannot confirm
whether they are caused by efficient cleaning methods or materials that were analyzed were
not contaminated initially. However, a visual inspection was also done after each cleaning to
check for any food residue on the blender. No residue was found on the blender in these
two days.

Based on our investigation, all available research in the literature was based on manual
cleaning of the vending machines. There is no study on the CIP system of vending machines,
and more research is needed on automated cleaning procedures to compare results with existing
literature.

Karaman et al. (2012) pointed out that implementing the HACCP system is complex for
small or medium-sized enterprises (SMEs) due to a lack of technical expertise and food-
handling practices. And according to Saltmarsh (2023), most vending machines are managed
by SMEs; therefore, broadening the knowledge of the cleaning procedures of the vending
machines can help these companies implement HACCP.

CONCLUSIONS

Applying automated cleaning procedures in addition to manual cleaning can contribute to assur-
ing the food safety of vending machines. It can decrease the frequency of manual interventions,
and therefore it can also reduce the risk of food mishandling by vending machine operators.

Table 3. Sampling plan during the cleaning validation

Day Action Time Sample

Day 1 Manual Cleaning 8:50
After Manual Cleaning 9:00 Swab 1 Water Sample 1

End of Day 16:00 Swab 2 Water Sample 2 Smoothie 1
24h Full Cleaning 16:20

After 24h Full Cleaning 16:30 Swab 3
Day 2 24h Full Cleaning 8:50

After 24h Full Cleaning 9:00 Swab 4 Water Sample 3
End of Day 16:00 Swab 5 Water Sample 4 Smoothie Sample 2

Manual Cleaning 16:20
After Manual Cleaning 16:30 Swab 6 Smoothie Sample 3
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This case study was completed over two months using a brand-new vending machine. To
gain more information, longer-term and more extensive research on different vending machines
in the field is required. The number of studies focusing on microbial loads of smoothies and
vending machines is scant. The methodology and findings from this study can underlie future
research regarding the effective cleaning of vending machines.

ACKNOWLEDGEMENT

The first author, OH, and this research were funded by the Stipendium Hungaricum Pro-
gramme, the Doctoral School of Food Sciences at the Hungarian University of Agriculture and
Life Sciences, and the EIT Food RIS Fellowships Programme.

REFERENCES

BRC (2018). BRC Issue 8: Cooking instruction validation at Campden BRI [WWW Document], URL https://
www.campdenbri.co.uk/white-papers/cooking-instruction-validation.php (Accessed 10 December
2023).

Caggiano, G., Marcotrigiano, V., D’Ambrosio, M., Marzocca, P., Spagnuolo, V., Fasano, F., Diella, G.,
Leone, A., Lopuzzo, M., Sorrenti, D., Sorrenti, G., and Montagna, M. (2023). Preliminary investigation
on hygienic-sanitary quality of food vending machines. International Journal of Environmental
Research and Public Health, 20: 5557. https://doi.org/10.3390/ijerph20085557.

Cardaci, R., Burgassi, S., Golinelli, D., Nante, N., Battaglia, M., Bezzini, D., and Messina, G. (2016).
Automatic vending-machines contamination: a pilot study. Global Journal of Health Science, 9: 63.
https://doi.org/10.5539/gjhs.v9n2p63.

Cossu, F., Spanu, C., Deidda, S., Mura, E., Casti, D., Pala, C., Lamon, S., Spanu, V., Ibba, M., Marrocu, E.,
Scarano, C., Piana, A., and De Santis, E.P.L. (2016). Listeria spp. and Listeria monocytogenes contam-
ination in ready-to-eat sandwiches collected from vending machines. Italian Journal of Food Safety, 5:
5500. https://doi.org/10.4081/ijfs.2016.5500.

Crina, M., Vlaic, R., Jimborean, M., Iulian, R., Andruta, M., Nistor, A., Cozma, A., and Suharoschi, R.
(2020). Food safety system (HACCP) as quality checkpoints in a spin-off small-scale yogurt processing
plant. Sustainability, 12: 9472. https://doi.org/10.3390/su12229472.

Egan, M.B., Raats, M.M., Grubb, S.M., Eves, A., Lumbers, M.L., Dean, M.S., and Adams, M.R. (2007).
A review of food safety and food hygiene training studies in the commercial sector. Food Control, 18:
1180–1190. https://doi.org/10.1016/j.foodcont.2006.08.001.

European Commission (2005). Regulation of the European Commission of 15 November 2005 on microbi-
ological criteria for foodstuffs, 2073/2005/EC.

Fernández-Segovia, I., Pérez-Llácer, A., Peidro, B., and Fuentes, A. (2014). Implementation of a food safety
management system according to ISO 22000 in the food supplement industry: a case study. Food
Control, 43: 28–34. https://doi.org/10.1016/j.foodcont.2014.02.042.

Godic Torkar, K., Kirbi�s, A., Vadnjal, S., Biasizzo, M., Galicic, A., and Jev�snik, M. (2017). The microbi-
ological quality of Slovenian raw milk from vending machines and their hygienic-technical conditions.
British Food Journal, 119: 377–389. https://doi.org/10.1108/BFJ-06-2016-0291.

14 Progress in Agricultural Engineering Sciences 19 (2023) S1, 9–15

Brought to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 02/22/24 11:53 AM UTC

https://www.campdenbri.co.uk/white-papers/cooking-instruction-validation.php
https://www.campdenbri.co.uk/white-papers/cooking-instruction-validation.php
https://doi.org/10.3390/ijerph20085557
https://doi.org/10.5539/gjhs.v9n2p63
https://doi.org/10.4081/ijfs.2016.5500
https://doi.org/10.3390/su12229472
https://doi.org/10.1016/j.foodcont.2006.08.001
https://doi.org/10.1016/j.foodcont.2014.02.042
https://doi.org/10.1108/BFJ-06-2016-0291


Hall, A., Short, K., Saltmarsh, M., Fielding, L., and Peters, A. (2007). Development of a microbial popu-
lation within a hot-drinks vending machine and the microbial load of vended hot chocolate drink.
Journal of Food Science, 72: M263–266. https://doi.org/10.1111/j.1750-3841.2007.00473.x.

Hunter, P.R. (1992). Bacteriological, hygienic, and public health aspects of food and drink from vending
machines. Critical Reviews in Environmental Control, 22: 151–167. https://doi.org/10.1080/
10643389209388434.

ISO 6579-1:2017, 2017. ISO 6579-1:2017.
ISO 11290-1 (2017).Microbiology of the food chain— Horizontal method for the detection and enumeration

of Listeria monocytogenes and of Listeria spp. — Part 1, Detection method [WWW Document]. ISO,
URL https://www.iso.org/standard/60313.html (accessed 28 4 23).

ISO 16649-1 (2018). Microbiology of the food chain — Horizontal method for the enumeration of beta-
glucuronidase-positive Escherichia coli — Part 1: Colony-count technique at 44 degrees C using mem-
branes and 5-bromo-4-chloro-3-indolyl beta-D-glucuronide, [WWW Document]. ISO, URL https://
www.iso.org/standard/64951.html (Accessed 28 April 23).

Karaman, A.D., Cobanoglu, F., Tunalioglu, R., and Ova, G. (2012). Barriers and benefits of the implemen-
tation of food safety management systems among the Turkish dairy industry: a case study. Food
Control, 25: 732–739. https://doi.org/10.1016/j.foodcont.2011.11.041.

Krahulcová, M., Micajová, B., Olejníková, P., Cverenkárová, K., and Bíro�sová, L. (2021). Foods | free full-text
| microbial safety of smoothie drinks from fresh bars collected in Slovakia [WWW Document]. URL
https://www.mdpi.com/2304-8158/10/3/551 (Accessed 28 April 23).

Masters, P. (2022). How technology is transforming food industry trends. Vending.com, URL https://www.
vending.com/vending-technology-is-transforming-the-food-industry/ (Accessed 5 June 2023).

Matthews, M.A. and Horacek, T.M. (2015). Vending machine assessment methodology. A systematic
review. Appetite, 90: 176–186. https://doi.org/10.1016/j.appet.2015.03.007.

Moerman, F., Rizoulières, P., and Majoor, F.A. (2013). Cleaning in place (CIP) in food processing. Hygiene in
Food Processing: Principles and Practice Second Ed: 305–383. https://doi.org/10.1533/9780857098634.3.
305.

Nelms, P.K., Larson, O., and Barnes-Josiah, D. (1997). Time to B. cereus about hot chocolate. Public Health
Reports, 112: 240–244.

Plasek, B., Lakner, Z., and Temesi, Á. (2021). I believe it is healthy—Impact of extrinsic product attributes
in demonstrating healthiness of functional food products. Nutrients, 13: 3518. https://doi.org/10.3390/
nu13103518.

Raposo, A., Carrascosa, C., Pérez, E., Saavedra, P., Sanjuán, E., and Millán, R. (2015). Vending machines:
food safety and quality assessment focused on food handlers and the variables involved in the industry.
Food Control, 56: 177–185. https://doi.org/10.1016/j.foodcont.2015.01.052.

Saltmarsh, M.E. (2023). Safety of food in vending machines. In: Reference module in food science. Elsevier.
https://doi.org/10.1016/B978-0-12-822521-9.00101-5.

Open Access statement. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0
International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited, a link to the CC License is provided, and changes
– if any – are indicated. (SID_1)

Progress in Agricultural Engineering Sciences 19 (2023) S1, 9–15 15

Brought to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 02/22/24 11:53 AM UTC

https://doi.org/10.1111/j.1750-3841.2007.00473.x
https://doi.org/10.1080/10643389209388434
https://doi.org/10.1080/10643389209388434
https://www.iso.org/standard/60313.html
https://www.iso.org/standard/64951.html
https://www.iso.org/standard/64951.html
https://doi.org/10.1016/j.foodcont.2011.11.041
https://www.mdpi.com/2304-8158/10/3/551
https://www.vending.com/vending-technology-is-transforming-the-food-industry/
https://www.vending.com/vending-technology-is-transforming-the-food-industry/
https://doi.org/10.1016/j.appet.2015.03.007
https://doi.org/10.1533/9780857098634.3.305
https://doi.org/10.1533/9780857098634.3.305
https://doi.org/10.3390/nu13103518
https://doi.org/10.3390/nu13103518
https://doi.org/10.1016/j.foodcont.2015.01.052
https://doi.org/10.1016/B978-0-12-822521-9.00101-5
https://creativecommons.org/licenses/by/4.0/

	Outline placeholder
	Food safety and quality assessment of an automated vending machine for smoothies – A case study
	Introduction
	Materials and methods
	Company description and scope
	Study phases

	Results and discussion
	Defining microbial limits
	Devising the automated cleaning programmes
	Microbial analysis-validation of the cleaning programmes

	Conclusions
	Acknowledgement
	References


