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Abstract— High temperature-induced water jet has important cleaning factors for effective cleaning at food industries because it can
provide mechanical, heat, and chemical effects during cleaning. It can also reduce cleaning time, labor load, and utility consumptions,
hence reducing the operating costs and enhance sustainability. However, it has not been used widely in small and medium food
industries due to a lack of cleaning awareness and small budget allocation for cleaning and disinfection. In this article, we evaluated
the performance of a portable water jet in the laboratory before it was introduced to the frozen meat industry. Removal of invisible
fat-based fouling deposits which remained on the surfaces of the meat processing equipment is quite a challenge. In this work,
stainless steel surfaces were fouled with the fat-based fouling deposit. The fouled stainless-steel surfaces were used for the cleanability
tests. The tests were conducted at different parameters which were cleaning parameters (temperature G%and 65°C) and cleaning
detergent presence), cleaning operations (nozzle distances (5 cm and 30 cm)) and surface geometries (vertical and horizontal) which
representing the different equipment’s geometry. Physical cleanliness (visual and touch) and protein residue swab test was used as the
cleaning indicators. The target cleanliness was achieved at a high cleaning temperature of@%nd with the presence of cleaning
detergent. Results from these tests will be used as a guide to design an optimal cleaning program for SMEs frozen meat patty factory.

Keywords— cleaning-out-place (COP); manual cleaning; sanitation program; fouling deposit; high-pressure cleaning; food industry.

production, a reduction of downtime, water, cleaning
I. INTRODUCTION chemicals, energy, labor, and wastewater disposal. The cost

Effective cleaning is an essential practice in the food of labor can account for over 60% of the total cleaning

industry to comply with legal and technical standards (e.g., b:ddQEt LSJ,and the application of cleaning equipment can
Good Manufacturing Practice (GMP), Hazard Analysis and reduce this cost.

Critical Control Point (HACCP), Food Safety Management). ‘ I?jaily cIean_ing isfdcompullsorli/ in food ffaclt_orie(;s. Du_e to
Therefore, hygienic, and comfortable working environment Iof? or ﬁrganlfc resi lfjes (a S0 known as fou 'nfgt] eposn)far((aj
can be maintained, and food hazards are controllable.® on the surfaces of processing equipment after every foo

However, some of the SMEs manufacturers are taking theproduction. In some food industries, cleaning is performed

cleaning process for granted as they are not fully aware Ofafter every batch of prqductlon. Hence, they have more tr_\an
ne cleaning process in a day and more cost for cleaning.

the consequences of the unhygienic environment, such a he food : id = ¢ he i di
cross-contaminations (physical, chemical, and biological), e food or organic residues originates from the ingredients
of the food product. These residues may include fat, oils,

dangerous working conditions (slippery floor) and man ; .
gerous working . (Slippery ) yqorotems, carbohydrates, starches, and minerals. Every food

more. Some of them also have a mindset that they shoul idue has diff hvsicochemical ies: thus. it i
invest less in cleaning as this process will not generate any €3'due has different physicochemical properties; thus, it Is

extra income. However, they are not aware that prOperimportant to establish cleaning process that can remove the

cleaning can maintain and increase food product qualityres_idue effectively. Cleaning r.equirement f(_)r dairy ind_ustries,
(shelf life, appearance, sensory). They stated that theWh'Ch mainly generate protein-based fouling deposit, have
een well studied [6]-[9]. However, the cleaning study for

cleaning and disinfection program could become a burden a%) X ) . .

it is costly [1]-[3]. Cleaning costs might include costs for r0Z€N meat industries has received less attention. Fat-based

cleaning chemicals, cleaning apparatus, hot water generatioﬁ(,)oOI re5|d_ue is generally found inline praduction of _froze_n
meat patties, ready to eat food, nuggets, and confectionaries.

labor cost, and wastewater treatments [1], [4], but all these . ; .
costs can be reduced with an effective cleaning program.At t_he end of production, fat-based fouling de_posn (fat layer
residues from the food products) can remains on most of

Effective cleaning can result in dramatic increases in . . .
food processing equipment surfaces (e.g. mixer, flaker,

1099


https://core.ac.uk/display/325990321?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

mincer and former) and environment (e.g. floor, walls) [10], bar. This portable hot water cleaning unit was designed and
[11]. Cleaning efficiency depends on the influence of constructed at the Process and Food Engineering laboratory
cleaning parameters such as temperature [12], [13], fluidof the Faculty of Engineering, the Universiti Putra Malaysia,
velocity [14], [15] and chemical concentration [16]-[18]. Malaysia. (Fig. 1) [10].
Cleaning performance increased when high temperature, _ _ _
high fluid velocity and high chemical concentration were B- Preparation of cleaning solutions
used. However, optimal cleaning parameters are the main In this work, cleanability experiments were performed
key to avoid excessive cleaning which can harm the healthwith and without cleaning chemical. A commercial cleaning
of the environment. Moreover, from the industrial point of chemical (2 in 1 Cleaner and Sanitation, SANICLEAN,
view, optimal cleaning parameters will reduce the cleaning SynTech Chemicals, Singapore) was used. SANICLEAN
costs, reduce downtime and at the same time guarantee theleaning chemical is one of the common alkaline-based
physical, microbiological, and chemical cleanliness [19]. cleaning chemical, which is applied in the cleaning of food
Effective cleaning not only can be achieved by plants. The composition of the SANICLEAN cleaning
manipulating the cleaning parameters but also by applicationchemical is shown Table 1. In this work, 1.7 L of cleaning
of cleaning equipment, for instance water jet. The chemical were diluted and mixed in 100 L water inside the
performance of the water jet is influenced by the cleaning portable water jet tank.

operations such as nozzle distances [20]-[22] and cleaning TABLE |
angles [20]. Removal of fouling deposit is more efficient CompPONENTSIN CLEANING CHEMICAL SANICLEAN (SYNTECH CHEMICALS,
when shorter cleaning distance were used [21], [22]. SINGAPORE)
Cleaning at higher angle of 120an clean wider dirty area Components Weight (%) | Function
and at the same time reduce cleaning times and cleaning water 70 - 80 _
costs (includes water volume, cleaning chemicals and energy)cChelating agent 05-15 Preventing detergefts
[20]. Hot water rinse is essential to melt and eventually lead reacting with the
to fat-based fouling deposit removal [10]. However, mineral deposits in
investment on boiler is seem like a burden, as they will also hard water and
have to hire a boiler man. Employment of a boiler man will forming detergent
eventually increase the monthly operational costs. : scum.

There are numerous studies on cleaning-in-place (CIP) forg Cocamidopropyl 10-15 Synthetic detergent

- . Betaine and surfactant

food m_dustrles [1], [23]—[25]. However, most of. the SMES Lauramine Oxide 1.5 Non-
Malaysian foqd factories useq batch processing unit and ionic/atmospheric
manual cleaning are more suitable [10]. Study on manual surfactant
cleaning is still lacking. Cleanability study in the factory [ Sodium Metasilicate 05-1.0 Cleaning agent
environment are challenging. Preliminary studies are | Quaternary ammoniuny 1 -5 Sanitizing agent
essential to design a range of tested cleaning parameterscompound
before cleanability experiments can be performed in the| Color dye <0.001 -

factory environments. , ,
The aim of this research are to evaluate the performance": Preparation of Fouled Test Object

of a portable water jet in the laboratory before it was Minced beef meat (purchased from the local supermarket)
introduced to frozen meat industry, and to determine thewas used to develop the physical model for fat-based fouling
suitable cleaning parameters (temperatures, cleaningdeposit. To imitate industrial fat-based fouling deposit, 50 g
detergent) and cleaning operations (cleaning distanceminced meat werpressed down and spread evenly on the 20
cleaning angle) using a portable hot water cleaning unit atcm x 20 cm stainless steel (Type 304) test object. After 1
different cleaning surfaces (horizontal and vertical). This hour, using a cleaning brush, the minced meat was removed

work tested cleanability for the fat-based fouling deposit. ~ from the test object, leaving only the fat-based fouling
deposit. After 1 hour, the fouled test object was used for the
Il. MATERIALS AND METHOD cleanability experiments.
_ ) In this work, the spray gun was assembled in a static
A. Portable Hot Water Jet Cleaning Unit condition inside the cleaning test rig (Fig. 2). Thus, the water

In this work, a portable hot water cleaning unit was used jet can only reach and cleaned the middle part of the fouled
for the cleanability experiments. This portable unit are test object surfaces (approximately 5 cm x 5 cm). Therefore,
equipped with a stainless-steel heater tank that containing dhe cleanliness of the test object was tested on the middle
heating element. The heater tank (with a capacity of 100 L)part only. Before soiling with minced beef meat, the
can heated the cleaning solutions up to At0This portable stainless-steel test object was pre-cleaned using distilled
unit also has a spray gun with a nozzle (even flat spray VNPwater and 95% v/v ethyl alcohol (R&M Chemicals, United
series, 30 spray angle, spray capacity code 49, H. Ikeuchi & Kingdom). The purpose of pre-cleaned is to ensure there is
Co., Ltd., Japan), which produced high speed water whichno foreign mate_rials exist on the fouled test object before
can operated at nozzle pressure varying from 5.0 bar to 7.6ample preparations.
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Fig. 1. Portable hot water jet cleaning unit piping and instrumentation diagram [6].
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Fig. 2. Cleanability experiments set-up (horizontal): a) schematic diagram and b) photograph.
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D. Cleaning Test Rig monitoring during clean ability experiments is impossible as

A cleaning test rig was designed for these cleanability t_he water jet causing blurry vision. Thus, the exact cleer_ﬂng
experiments. The cleaning test rig was used to ensure thédme is hard to know. At the end of the cleanability
reproducible and similarity of the cleanability experiment. A €xperiment, the cleaned test object was dissembled from the
thick big polystyrene (outer: 62 cm x 49 cm x 38 cm, inner: cleaning test rig. Next, the cleanliness of the test object
56 cm x 43 cm x 30 cm) was used to build the cleaning testSurface was tested.
rig. This cleanlng test rig contains a black box, which is us_edF_ Cleanliness Target
to ensure the light intensity conditions were constant during . . . . )
the cleanability experiments. The inner part of the box was Physical cleanliness (touch and visual) and protein residue

painted black to minimize the reflection of the lights. The (USINg rapid protein residue swab test) were used as
flexible lamps only supplied the light source in the cleaning indicators to validate the cleaning performance. The images

test rig. Two flexible lamps with a light specification of ©f the test objects were captured before and after the

6500 K (comparable to daylight), were fixed on the top part cleanability experiments. The remaining fat layer on the test
of the cleaning test rig. It was an ideal light source for OPiect was determined using touch sensory.

experiments as it minimized the color rendering effect [26]. | N€ protein residue that remained on the surfaces was
The black box was also responsible for providing insulation determined using the Path-Check Hygiene Protein swab test
against inconsistent environmental light sources. (Microgen, United Kingdom). This protein swab was used to

On the top of the cleaning test rig, a customized hole thatdetect the presence of protein residue from food contact

can fit the lenses of the video camera was made. ThusSurfaces and manufacturing equipment in food handling and

allowing online monitoring or video recording during the manufacturing_environments. I_t is a rapid method that ellows
cleanability experiments. Besides the video camera’s Workers to validate the cleaning process. Moreover, it also

customized hole, an extra customized hole was made to hol§@" be used as an indicator to decide if the cleaning should
the spray gun. It can fit the spray gun tightly and can be used®® repeated if poor cleaning were performed. The
to control cleaning distance and cleaning angles during theSonventional microbiology test method will take a longer
cleanability experiments. A thick plastic glass was installed ime- In this work, the surfaces were considered not clean if
to prevent water from splashing into the lamps and video it cannot reach physical cleanliness, and there was still
cameras during the cleanability experiments. This Protein residue detected.

experimental set-up is shown in Fig. 2.
[ll. RESULTS ANDDISCUSSION

E. Cleanability Experiments

The fouled test object was placed either horizontally or Cleanliness)
vertically inside the cleaning test rig. Fig. 2 shows the ] ’ ) )
cleanability set-up for cleaning the horizontal surfaces. The There is still a lack of studies on the mechanism of the
spray gun was assembled at different cleaning distancd€moval of fat-based fouling deposits [10]. Understanding
between the nozzle and the fouled test object (5 - 30 cm) andhe cleaning mechanism of different types of food residues is

different angle (30 - 9. A video camera (Panasonic, HDC- essential to design an optimal and efficient cleaning process
SD100) was placed on top of the cleaning test rig to recorgll]: The visualization (photograph) of the removal of a fat-

the removal behaviors of the fat-based fouling deposit angPased f°“"”9 deposit is nearly impossible as it is hard to
its cleaning time. Cleaning fluid (with or without cleaning Cc@Pture the images of the fat layer remained on the food

detergents) was heated to the desired temperature (35 Oeontact_ surfaces. _Thus, in this W(.)rkf t.OUCh sensory is used to
65 °C) and was pumped into the nozzle determine the existence of the invisible fat layer remained
The visual recording was started at the same time as Whertuhe stamless-stee_l surfaces. The cleanability exper!ment
the cleaning fluid started to spray the fouled test object. Theresullts arfe shown in Table ”2' Frlom naked eyes, the stamlerz]ss-
cleaning was performed for 15 minutes. Sufficient contact St¢€! surfaces were visually clean (Run 3). However, the
time or cleaning time is also important to ensure enoughPrésence of a fat layer on the stainless-steel surfaces was

chemical reaction time. However, in this work, online visual "oticéd when we touched the surfaces.

A. Removal of Fat-based Fouling Deposit (Physical

TABLE II
LEVEL OF CLEANLINESS AT DIFFERENTCLEANING PARAMETERS
Cleaning parameters Level of cleanliness
Run Surface Temperature (°C) CIeanjng Cleaning distance (cm) - - - Physical - - Proteinlresidue
geometry chemical Visual inspection Touch inspection Protein residue swab test
1 Horizontal 35 No 5 ok x NC
2 Horizontal 65 No 5 kk v NC
3 Horizontal 35 Yes 5 ko x NC
4 Horizontal 65 Yes 5 b v C
5 Horizontal 35 No 30 kk x NC
6 Horizontal 65 No 30 ko v NC
7 Horizontal 65 Yes 30 hkxk v C
8 Vertical 35 No 5 kk x NC
9 Vertical 65 No 5 kk v NC
10 Vertical 65 Yes 5 kxk v C

(Notes: ***** Highest physically visual clean rank, * Lowest physically visual clean ra&hkhysically clean from fat-based fouling depositFat-based fouling deposit remained,
NC- not clean (protein residue detected), C- clean).
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Generally, removal of fouling deposit depends on energy help to decide whether the cleaning process should be redone
to overcome 1) the adhesive force between the food-contacbr ended. Effective cleaning (physical clean and no protein
surfaces and the fouling deposit, and 2) the cohesive forcaesidue detected) is crucial to avoid any potential cross-
between the fouling deposit itself [1], [10]. The cleaning contamination (biological, physical, and chemical).
mechanism of the fat-based fouling deposit [10] is slightly
different from the carbohydrate-based fouling deposit [1]. ’ '

Even though visually, the fouling deposit has left the

surfaces (Fig. 3), the invisible fat layer remained and can act

as an excellent substrate for hiding or absorbing other food

residues and microbes. This uncleaned surface can promote

microbial growth and cause cross-contamination to food

products, which lead to many foodborne illnesses such as (a) (b) (c)

diarrhea, vomiting, and nausea. Extra hot water rinsing Sted:ig. 4. Path-Check Hygiene Protein cotton swab color (a) original (b)
is needed before the cleaning chemicals step [10]. cleaned surface and (c) uncleaned surface.

C. Effect of Cleaning Temperature

The chemical reaction of the cleaning medium is
dependent on the cleaning temperature [15], [17], [27]. As
the temperature increased, the kinetic energy of the particles
increased and initiated the collision between the cleaning
White colour: . g medium p_articles. A high temperature of .70 °C is usgd to

Bitreatdie /k . R remove pink guava puree fouling deposits from stainless
- Hor ¥ LI, B Ty steel surfaces [27]. Also, a high temperature of 80 °C could
(a) (b) be used in removing the coconut milk fouling deposit [17]. It
Fig. 3 Physical (visual) cleanliness (a) before and (b) after cleanability is also reported that increased the Cleaning temperature
experiments. higher than 70 °C would not increase the cleaning rate
We suggest sequence cleaning for a fat-based foulingmrther [27]. From_an industrial point (_)f view, ex_tremely
high temperature is not favorable as it will require more

deposit, which consists of 1). removal of the remaining f(.)Od energy which eventually increases the cleaning costs. Thus,
pr_oduct_s, 2) h.Ot water pre-rinse, 3) cleaning chem|cal-r!nseit is very important to determine the optimal cleaning
W'th suitable industrial c_Ie_anlng_ brushes, 4) |n'Fe_rmed|_ate temperature to practice an economical cleaning process.
rinse and 5) hot water disinfection. Hot water disinfection High temperature cleaning fluid is needed to melt the fat-
step should also be pgrfprmed beforg starting the pro.ducuorbased fouling deposit to overcome the adhesive force
on th? next day: Th|s s a precaution step to avoid aNYhetween the fat-based fouling deposit and the stainless-steel
0vermghtl contamination from any foodborne pathogens SUChequipment surface [10]. Oil or fat fluidity increase with the
asEscherichia coli, Listeria monocytogenes, andSalmonella ._temperature, which makes it easier to mix with water and be

gldoa]lptzgdfroar:tz)or:er\]/?oupsagt]sgizgs[i O{hfjs-glcleanlng Process 1Scarried away. Cleaning using hot water only at a temperature
' ' of 65 °C (Run 2, 6, and 9) are better compared to cleaning
B. Removal of Fat-based Fouling Deposit (Rapid Protein performed at 3% (room temperature) (Run 1, 5, and 8).
Residue Test) However, cleaning with hot water at 6& only did not
The protein residue was determined using the proteinreaCh b_oth physical cI_eanIiness _(visual and touch_), and there
swab test [10]. The cotton swab was originally in yellow Was still prot_em r_es_ldue remained on the stamless-st_eel
color. The swab cotton turned green within 5 seconds if surfaces. Besides, it is necessary t_o have hot water pre-rinse
there were invisible food residues detected on the stainlessStep to reduce the cleaning chemicals amount used during
steel surfaces (Fig. 4). Results show that cleaning thaithe chemical cleanlng_step. Cleaning chemical is needed to
reached three stars visual cleanliness (Run 1, 5, and gjeach the target cleanliness.
cannot be passed the protein swab test. Moreover, evely Effect of Cleaning Chemical
though the test objects surfaces were visually clean with a ) ) ) )
high rank (4 stars) (Run 2, 6, and 9), the swab cotton still _1h€ cleaning chemical is one of the most important
turned green, indicated unclean surfaces. No protein residu&'€@ning parameters [1], [24], [27]. Food industry
was detected on the test object when hot water 6C6&ith manu_facturers h_ave a major. concern for th's chemical
cleaning chemicals were used during cleaning (Run 4, 7, 10)_(:Iean|ng step as It also cor_ltnbutes to the cleaning costs. The
Moreover, Run 4, 7, and 10 all reached five stars in visuaI,COSt (_)f the chemical cl_eanmg step is up to 98 % of the tptal
physical cleanliness. Cleaning temperature and c:IeaningClear"n_g costs when high concentrations of 2.0 ‘.Nt'% _sod|um
chemicals are the essential cleaning parameters during batcEydrOX'_de (NaOH) was used [1]: Effective cleaning stil can
e achieved at lower concentrations NaOH of 1.0 wt. % with

and manual cleaning. ; .
g the chemical cleaning step only took 43% of the total

Protein swab test is one of a rapid method that can . . . .
immediately determine the effectiveness of the cleaning pleanlng costs. The optimal and economical cleaning process

program daily. Food manufacturers should consider using oS preferable for the food industry manufacturers, as they aim

protein swab test to validate their cleaning program. The ©© E‘l'.n'm'Z? thehoper]atln_g closlts ar_1d maximize thedproflt. .
immediate result obtained using the protein swab test will Iminating the chemical cleaning step can reduce major
total cleaning costs. However, without cleaning chemicals,

Red colour:
meat residue
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cleaning cannot be performed effectively [1], [10]. In this illustrated in Fig. 5. Since the water gun is in a stable
work, cleaning was performed with and without cleaning condition, the cleaned area was too small. For a cleaning
chemicals. Cleaning using water only at@fRun 1, 5, and  distance of 5 cm, the cleaned area width was only
8) only achieved three stars visual cleanliness and did not@pproximately 5 cm x 5 cm. From our observation, at a
pass the touch cleanliness, and there was still protein residushorter cleaning distance of 5 cm, more water splashed, and
remained on the stainless-steel surfaces. AYC3%vith landed outside the examined area. The splashed water might
cleaning detergent (Run 3), physical cleanliness improvedcontain food product residues and chemical residues that can
(visual: 4 stars). However, it still did not reach the touch of cause cross-contamination. Moreover, the high-speed hot
physical cleanliness, and there was still protein residuewater can generate aerosol (e.g., water, steam, microbes, dirt,
remained on the stainless-steel surfaces. This indicating thénd mist), which can also lead to cross-contamination [10],
importance of cleaning chemicals for removing fat-based [32]. In a real factory environment, we want to avoid the
fouling deposits. water from splashing to other food processing equipment.
When hot cleaning chemicals of 88 (Run 4, 7, 10) Future studies using lower water pressure is recommended.
were used, physical cleanliness was achieved, and no proteif? cleaning work, the water jet is moving [31] and not
residue was detected. A hot cleaning chemical is needecptationary. Cleaning is more efficient, and cleaning time can
during the chemical cleaning step. A high temperature of be as short as 2 minutes. For future studies, a moving water
cleaning chemicals generally reduces the surface tensioniet would be recommended.
decreasgs viscosity, and d|_m|n|shes adsoeron [28]. In otherF_ Effect of Surface Geometry
words, higher temperature increases the cleaning rate, which i i )
significantly can reduce the cleaning time. In this work, the [0 this work, different surface geometry (vertical and
effect of cleaning time does not study. All the cleanability Norizontal), which represent the different food processing
experiments were performed for 15 minutes. The best®quipment’s geometry was tested. The results show that
cleaning parameters obtained from this work can be used a§'eaning at either vertical or horizontal surface has no
a reference for future studies. Lower cleaning time would be©bvious effect. Cleaning performance depends more on the
recommended. cleaning parameters (cleaning temperatures and cleaning
The removal of the invisible fat-based fouling layer is one chemicals). The effect of different nozzle angles was not
of the challenges faced by producers of frozen meat. Thistested as the result of using different surface geometry
fat-based fouling deposit act as a barrier which prevents anyvertical and horizontal) does not give any positive effect.

microbes and food residues from being removed [10]. In 5 g aiuation Performance of the Portable Water Jet

contact with cleaning chemicals, the invisible fat . _ e
h The design of the water jet must meet specific criteria to

layer/residues saponified. The cleaning chemical bind wit o )
fat residues and reducing the cohesive strength between thEnSure the objectives of the work can be accomplished. The

fat residues. The adhesive strength between the fat residue¥iteria considered are as follows:

and the stainless-steel surfaces weakened as well and led to * FPortability. L .

the detachment of the fat residues. Mechanical action with It can get through the aisle W'dth in food factories.

high velocity using a water jet is needed to eradicate the food * It can be pushed or pulled by using human power.

residues from the food-contact surfaces. - Provide a pressure accumu_la'uon bypass when the
After cleaning the chemical step, an intermediate water spray gun is not triggered during cleaning.

rinse is important to remove the cleaning chemical residues. The water storage tank ShOUId be enough 1o clean up

This step is important to ensure the food contact surfaces are atleast a r_nachme at one time. .

chemically clean. Cleaning chemical residues can cause The heating element can heat up the cleaning

cross-contamination to food products and lead to food chemlcals up to 11@. o
poisoning as well [1]. Our water jet meets all the criteria.

E. Effect of Cleaning Distance Water jet

Several papers had suggested that cleaning using a water
jet is more efficient when the shorter distance between the
water gun and the target surfaces was used [29], [30]. As the
water jet approaching the surfaces, the strong impact of the
water jet became stronger and improved the cleaning
performance. In contrast, it is suggested that cleaning
distance has no significant effect on cleaning performance
[10], [31]. In this work, different cleaning distances were
tested (5 cm and 30 cm). Results show that cleaning using
different cleaning distances have no positive effect on the
cleanliness of the test object surfaces. The results obtained
from this work seem to agree with the previous studies [10],
[31]. - —

Nevertheless, cleaning distance influences the width of Wider cleaning Shorter cleaning
the cleaning area. The target cleaning area was wider when a width width

| leaning di f 30 d. This | @ ®
onger cleaning distance o cm was used. IS IS Fig. 5. Effect of cleaning distance on the cleaned area width.

.

Water jet

.

Cleaning distance: 30 cm
Scm

Cleaning distance:
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Since it is portable, it can be relocated easily, and workersand mineral) fouling deposits before the cleaning process
need less energy to move it. The size of the portable watecan be applied in a real environment food factory.

jet is approximatelyl.2 m (length) x 0.58 m (width) x 1.2 m
(height). While the minimum aisle width in factory X (a
SMEs meat processing factory in Malaysia) is 0.6 m.
Therefore, the portable water jet can get through theS
minimum aisle widthThus, cleaning for every unit of food
processing equipment in the factory can be performed
effectively.

Moreover, the portable water jet is a user-friendly
machine Thus, workers can use a portable water jet with just (1
a simple and short training time. It is very important to use
user-friendly equipment in a SMEs food factory as most of
the workers are foreign workers with low educational [2]
background [3], [10].

Based on the results discussed in the previous section, hot
water and cleaning chemical are important cleaning [3]
parameters to remove the fat-based fouling deposit. This
water jet can generate hot water and a high-pressure wate[a]
jet. The cleaning chemical also can be mixed inside the
heater tank. After the tank was full-filled, the hot water [5]
portable cleaning unit can operate for 15 to 20 minutes
(depends on the water pressure). This indicates the tankd!
capacity of the water jet capable of cleaning several food
processing equipment.

In meat frozen industries, equipment such as mixer,[7]
former, flaker, and mincer are difficult to clean [10], [11].
This equipment has areas that are difficult to access, anqs]
manual cleaning is hard and requires more labor work and
time. By using the hot water portable jet, difficult to the
clean area such as mixer with a deep tank and a sharp edgis]
can be cleaned easily. Moreover, fat or meat residue tha
traps on the rough surface conveyer of the former can be
cleaned effectively. Sharp blades on the flaker and mincer(10]
can be cleaned without any worries on potential hand
injuries. In conclusion, this portable water jet is ready to be
used in a real working environment.

[11]
IV. CONCLUSION

For the frozen meat industry, the removal of a fat-based[12]
fouling deposit is one of the cleaning challenges. The
invisible fat-based fouling deposit formed barriers that
prevented the removal of foodborne pathogens and food[13]
residues. The evaluation of the portable water jet showed a
positive result. This portable water jet can generate high
speed and hot water, which is suitable especially for SMEs;14)
frozen meat industries. Since it is portable, it is easier to
clean the batch food processing equipment such as mixer[15]
former, and flaker.

Results also showed that high temperature cleaning
medium and cleaning chemical is essential in removing the
fat-based fouling deposit. The data generated from this work[17]
can be used as a guideline to perform cleaning of fat-based
fouling deposits in a real factory environment. For future
studies, other cleaning parameters, such as the effect ofig]
different cleaning times, water pressures, and cleaning
chemical concentrations, is recommended. Cleanability
experiments using a moving water jet are recommended as; g
well. Preliminary cleaning testing in a laboratory should be
done for other types of food-based (protein, carbohydrate,

[16]
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