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Against the above background on the importance of well-designed and-installed floor drain, 

it can be concluded that there are multiple factors need to be considered during the selection, 

design and installation of the drains, such as the cleanability, maintenance cost, traffic, location 

of installation, floor-to-drain connection and types of materials used for the construction of the 

drain. The motivation of the studies is to investigate the impact of ineffective design and 

installation of internal floor drainage at a meat processing factory on the hygiene and its 

efficiency in removing waste water from the floor. 

1.2 Prohid;nt statement

Components of floor drainage in the food industry are often fabricated by non-drainage-specialist 

companies. In the European Union (EU), it is estimated that more than 200 contractors fabricate 

and install drainage components, whereby the majority are often fabrication companies with no 

specific expertise in drainage (ACO, 2019). Thus, there is huge inconsistencies in how floor 

drains are fabricated and installed on-site. As a result, improper drainage system is built within 

the premises which does not meet the operational and hygienic requirement of the food 

processing plant. In Malaysia, the same challenge is reported by Jali et al. (2016), whereby the 

cost for hiring specialist consultant and contractor is not affordable by small-scale food 

manufacturers and hence, a well-functioning floor drainage systems are difficult to fabricate and 

rarely obtained. Ready-made food-grade drainage components can be purchased from the market, 

all of them are foreign products which have to be imported and are costly for local 

manufacturers. 

In this case study, Factory Y, is an example of a meat processing factory that faces 

drainage problem, which was due to faultiness in design and installation. The current drainage, 
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2. To propose design and installation checklists for gully-drain in meat processing based on

hydraulic and hygiene analysis in an identified case study factory 

3. To test the applicability of the checklist in redesigning a new efficient and hygienic gully­

drain for the case study 

1.4 Scope of work 

lJpon completion of this research, a detailed understanding of the effect and role of floor 

drainage's design and installation on two aspects are obtained, namely 1) hydraulic efficiency 

and 2) hygiene efficiency in a meat processing factory.Specifically, the study was carried out in a 

wet area of a meat processing plant, Factory Y located in Kajang. In our case study, I will inspect 

the drain model in Factory Y which is a producer of burger meat patties which generates large 

amount of wastewater daily. The waste water produced contain large amount of perishable meat 

waste particulate which can clog the drain holes. The factors that is responsible for the hydraulic 

performance of the drain can be relate to its area of opening, sloping and location. While surface 

roughness, minimum radius of comer, availability· of minimum hygienic accesorries affects the 

drain's hygienic performance directly. The hydraulic efficiency at drain inlet of the specific drain 

model in our case study factory, was calculated and discussed in related to its changing hydraulic 

capacity of the drain during production. Meanwhile, the hygienic performance of the specific 

drain in case study factory was discussed based on ATP bioluminescence assay and microbial 

contamination swab test results, where the samples are taken from grating surface, drain edge, 

perforated holes and accumulated soil water underside of the gully in the factory according to the 

food factory benchmark The study was concluded with the development of general design and 

installation checklist for the gully (point drain) in a wet processing area for meat products. The 
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Location of installation is influenced by waste water direction, traffic, proximity to waste 

water source. If the gully is built at a far place from the source of discharge, the wastewater takes 

longer time to flow into the drain. 

There are also 3 types of load bearing for drainage such as light, medium and heavy duty 

drain. Medium and heavy duty are designed for area with frequent traffic of trucks. Light duty is 

for frequent pedestrian traffic. In areas where pedestrian traffic is the norm, floor drains with 

heel-proof grates should be used with the holes size 0.7mm. Suitable type of drainage should be 

selected to resist the load applied on it. Besides, the drainage should be installed to allows the 

flow direction of the waste water is from high risk to low risk area. On the other hand, the drain 

should also fastened with frame to ensure stability. Last but not least, point gully should be 

installed at a location to receive falls from 4 sides and near to the fluid source. 

The ope-area determines the inlet hydraulic capacity of the gully. If hydraulic capacity is 

smaller than hydraulic load produced from factory, it will cause flooding at the production area. 

Flooding could cause serious problems in terms of operational and hygiene problem. Hydraulic 

capacity is the flow rate of water that flows through the inlet drain structure. Insufficient 

hydraulic capacity will reduce the hydraulic efficiency of the drainage system. Equation 2.4.1 is 

used to calculate the hydraulic capacity of a floor drain is as below (Wood et al., 2010): 

Where, Q = Hydraulic capacity, Cd = Discharge coefficient (0.6), A = Cross sectional area ,h 

= Allowable height of flooding = max. head above floor.According to the equation of hydraulic 

capacity as shown in equation below, minimum total open area of an optimum drainage system 
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9. Problem occurring regarding the floor drainage

3.2 Overall research methodology 

The project consists of four stages which start with a site visit, data collection and 

problem understanding (Stage 1), followed by the hydraulic and hygienic analysis of gully drain 

in Facto1y Y (Stage 2) to achieve objective 1, development of design and installation checklist 

for gully in a rn��at processing area (Stage 3) to achieve objective 2 and lastly design of new drain 

model based on the design and installation checklist (Stage 4) to achieve objective 3 as shown in 

Figure 3 .2.1. 

Hydraulic and 
hygienic 

analysis·of floor 
drain (gully) in 

Factory Y 

Development of 
design and 
installation 
checklist for 

gully in a meat 
processing area 

(wet) 

Figure 3. 2 1: Project flow of case study 

3.3 Stage 2: Hydraulic and hygienic analysis of gully in Factory Y 

3 .3 .1 Assessment of inlet hydraulic efficiency 

Design of new 
drain model 
based on the 

design and 
installation 

checklist 

The hydraulic analysis was required in this study as to investigate the factors contributing 

to inefficient removal of the wastewater from the floor surface that caused flooding during the 

production. An initial investigation found no blockage inside the drain pipeline and therefore, 
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eliminating the reason that flooding was caused by interrupted wastewater flow inside the 

underground pipeline. It was suspected that the flooding was primarily due to inadequate inlet 

hydraulic capacity through the grating and poor location of the gully that reduces the rate of 

wastewater removal from the floor surface, and therefore resulted in hazard to workers. 

There has been no analysis conducted with regards to inlet hydraulic of the drain for food 

processing. Ho,)1ever, a study conducted by Gomez and Russo (2005) in the effort to increase the 

inlet hydraulic efficiency as to decrease the flooding risk and slippery among the pedestrians on 

the floor surface can be adapted to the study. Gomez and Russo (2005) described hydraulic 

efficiency of an inlets as the ratio of the wastewater discharge intercepted by the inlet to the total 

discharge approaching the inlet. This definition was translated into the Equation 3.3.1 for this 

study, whereby hydraulic efficiency, E, was understood as the ratio of the wastewater intercepted 

by the gully's grating, He, to the total wastewater approaching the drain, H L, hydraulic load in 

L/s (flowrate) 

Where He: represents hydraulic capacity 1.e. discharge flow rate of the wastewater as 

intercepted by the drain in L/s and HL represents the Hydraulic load i.e. discharge flow rate 

approaching the drain in L/s (applied on the surface of process area). 

HL was measured to be averagely 1.2 L/s which is assumed as 90% of freshwater supplied 

to factory Y. Since He operating under orifice flow when entering through the perforated holes 

on the grate, then the total grating open area and arising head control the He. Therefore, He can 
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were used for investigating cleaning efficacy, namely 1) adenosine triphosphate (ATP) 

bioluminescence assay and 2) cultural microbiological method. 

i. ATP bio/uminescence assay

ATP bioluminescence assay is an analysis based on the measurement of ATP levels present on a 

surface after sanitation. Bioluminescence test exploits the chemiluminescence properties of 

luciferin-luciferase reagent, which reacts with any ATP residue present on a substrate, emitting 

light and measuring the presence of organic matter (Dancer, 2014). It is, therefore, an indicator 

of organic 111aterial presence, rather than microbial contamination. Some studies have found a 

correlation between ATP levels and total viable count (TVC) values ( Amondio and Dino, 2014). 

A review on the use of ATP-bioluminescence in healthcare environments shows that the clean 

benchmark levels range from 100 to 500 RLU/100 cm2 in healthcare or <500 RLU/100 cm2

according to food industry practice (Amondio and Dinno, 2014). 

In this study, the device used to measure the level of ATP on the drainage's surface was 3 MTM 

Clean-Trace™ NGi Luminometer (3 M, Era Burnt, Malaysia) as shown in Figure 3.3.2. It is a 

single-use test device containing a chemically impregnated reagent swab for the collection of a 

sample from a surface. The device contains a swab and the inactivated reagent inside a tube. The 

swab sample was brought to the Factory Y using a chill box to ensure the accuracy of the 

measurement. As instructed by the manufacturer, the swab was applied onto the area concerned 

with test area of 10 x 10 cm. The swab is rubbed against the area in a lateral direction, back and 

forward throughout the square area, in the meantime need to tum the swab to make sure the 

whole area of the swab is used for accurate measurement of ATP level. After talcing each sample, 

the swab is put back to the tube without shaking or mixing the sample with the reagent and 
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stored in the chiller box before analysis. Swab test were performed at welding of joint near edge, 

drain surface, holes after cleaning event (3 readings for every location and every event and 

average reading is calculated). The samples were immediately analysed using 3 MTM Clean­

Trace™ NGi Luminometer (3 M, Era Bumi , Malaysia) which measures the amount of light 

generated by chemical reaction, and produces a result expressed in Relative Light Units (RLUs). 

The intensity of the light is proportional to the amount of ATP and therefore, indicates the degree 

of contaminatio:1. 

Figure 3.3 2: ATP il/uminator 

The surface roughness of the drain surfaces can be determined visually and qualitatively. 

Quantitatively, according to Moerman and Wouters (2016), the recommended surface roughness 

of the surface to prevent microbial growth is Ru < 0.8µm which indicates a smooth surface that is 

free from crevices and sharp edges. Higher Ra indicates present of rough surfaces, crevices and 

sharp edges that result in more difficult cleaning (Moerman and Wouters, 2016). 
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hydraulic and hygiene analysis for the checklist development. The checklist was named General 

Checklist for Gully in Wet Areas for Meat Products divided into two parts which are design and 

installation. The design and installation criteria were developed and fonnulated based on this 

project's analysis as well as literature and currently available guideline review to achieve 

hydraulic efficiency and cleaning efficacy. 

3.5 CheckHst v��lidation 

The dev:.:.ioped checklist was applied to the current Factory Y to determine the score 

obtained for the design and installation aspects. The scores obtained were used to validate the 

usefulness of the checklist in monitoring the design and installation of drain for this case study. 

However, in the future, the checklist needs to be validated in more case study samples so that 

statistical validation can be deduced for its practical usability. 

3.6 Checklist demonstration 

The developed checklist was used to guide the design of an efficient and hygienic drain 

model that suits the current production environment of Factory Y. Throughout the design process, 

items in the developed checklist Part A Design were checked progressively to ensure a correct 

drainage design could be obtained. 

31 

@
 C

OPYRIG
HT U

PM



Chapter4 

Results and discussion 

4.1 Process and Technology Description 

The current production for the meat patties begins with the receiving of raw materials, flaking of 

the frozen raw materials, pre-mixing of dry ingredients such as textured vegetable protein (TVP) 

and isolated soy protein (ISP), mincing of meat, mixing of meat and pre-mixed ingredients, 

burger patties forming, blast freezing, packing and followed by frozen storage of finished 

products. Blast freezing is a rapid freezing process which rapidly cool the patties from ambient to 

temperature of -25°C in one hour in order to prevent the microbial growth while keeping the 

nutritional and sensory properties at high qualities. Nevertheless, the process is using high 

energy and the blast freezer is only used at the event where the products need to be delivered in a 

short time. Most of the time, the patties are cooled in cold room overnight and will be packed on 

the next day. The production processes is semi-automated with the partial process are conducted 

manually. The processing of poultry are generating high amount of hydraulic load to the only functional 

drain of Factory Y especially the flaking, mixing and mincing steps. Table 4.1.1 summarizes the 

infonnation about the processing equipment. 
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Table 4.1 I: operation activities & objectives, processing equipment, water consumption and illustration 
of each process involved in making of burger patty 

Process Operation activities 

& objectives 

I) 0 Removal 

Preparation of packing 

of the raw materials 

materials and 

weighing 

·:.� Weighing 

Printing of 

the 

packing 

labels with 

expiry 

dates 

Processing 

equipment 

Minor 

weighing 

electronic 

scale 

(maximal 

loading: 5 kg) 

Major 

weighing 

platform scale 

(maximal 

loading: 300 

kg) 

Semi­

automatic date 

printing 

machines : 60-

120 times/min 

Illustration 

33 

Water consumption 

No water is needed for 

this activity. 
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3) - Mixing of the Mixing: Bowl

Premixing textured vegetable cutter 

of dry protein (TVP) and (maximal 

ingredients 

4) Mincing

of the 

frozen raw 

materials 

isolated soy protein capacity 33 

(ISP) with cold kg/loading) 

water to produce 

finely comminute Material 

particle transfer to the 

- TI1e mixing was paddle mixer:

n·n fo: S mm· utes l d • 1 n ustna tray

p�c loac1ing by an of food grade 

operator lI1 600 X 400 X 

accordance to the 120 mm 

recipe 

- Refining of flakes

from the flaker 

machine was into 

minces of the size 6 

mm for round patty 

and 4.5 mm for 

oblong patty 

( capacity 23. 7 

Litres) 

Mincing: 

mincer 

machine 

kg/h) 

Material 

transfer to the 

paddle mixer: 

Industrial tray 

of food grade 

600 X 400 X

120 mm 

( capacity 23. 7 

Litres) 

l 

..: .

-

35 

.,. 

Mediwn amount of 

water is needed to wash 

the internal of the bowl 

cutter 

Large amount of water 

is needed to remove the 

minced meat tlakes 

attached to the surface 

of machine 
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(frozen storage) 

(shipping) 

4.2 Curremi flo�;r drainage system at Factory Y 

All the processes are accommodated in a factory premise of around 30 m x 9 m for length and 

width measurement, while the height is 3 m. The factory's floor plan is shown in Figure 4.2.1 

which shows the location of three floor drains namely Drain 1, Drain 2 and Drain 3. Location A 

and B are areas with severe flooding during production as shown in the floor plan in Figure 4.2.1. 

Based on the information by the production supervisor, the gully drainage was fabricated by 

company with no specific expertise in floor drainage for food processing. The drains are 

responsible to remove the waste water discharged during processing. Table 4.2.1 summarizes the 

location, features design, installation and application of the three floor drains. 
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Figure 4.2 4:Cross-section for the Drain 2 structural design 

4.3 Effect of gully5s design on inlet hydraulic 

The main lacking of the design was that the hole was designed to have diameter of 1 cm which 

become increasingly clogged during production operation and therefore, reduced the inlet 

hydraulic capacity, H c . As production time progressed, increasing number of clogged holes of 

Drain Y was observed due to the size of meat remnants with average length > 2 cm that flowed 

with the wastewater into the grating holes of (/J = 1 cm. The rise of wastewater above the grating 

becomes noticeable at head of 3 mm. These meat remnants were sourcing from meat offcuts at 

the flaker and former machines. As the water faucet was running continuously and constantly at 

flowrate of 0.0012 m3/s to lubricate the former machines, more blockages of the holes was 

observed. Simultaneously, increasing head was observed above the grating as shown in Figure 

4.3.1, whereby when the head reached 5.0 mm the flooding was spread to Location A and Band 

at this time, the operators felt it was not convenient to traffic on the floor anymore and became 

cautious due to the risk of slippery. At head of 9.8 mm, the trafficking on the flood caused 
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Where hr represents the head of wastewater above drain, 11 represents number of clogged holes. 

Hence, based on Equation 4.3.1, if n reach maximum number of holes=81, the hr could reach up 

to 19 mm which was considered very hazardous and high risk of falling according to Winter 

(1992) and Pijnapel et al. (2001). At present, the operators were recommended to clean the drain 

shortly and remove the clog when the number of clogged holes reached 42 (50% of total holes) 

to 54 (67%) since this would give head rising from 6 to 9 mm. This recommendations was 

supported by the pr�vious findings which have shown that changes in level of as little as 5 to 8 

mm can potentially µose a hazard for the normal walking of fit healthy people (Winter, 2001; 

Chang et al., 2016). Nonetheless, this recommendation was also exhaustive, since in normal 

operation, Drain Y came to 50% clogging about 20 to 30 minutes after the forming machine 

started operating. Subsequently, one operator is needed to remove the clog and clean the drain 

for 5 to 8 minutes. When considering the total number of batch/day which was normally 4 

batches, this cleaning took time about 60-96 minutes/day. This was a waste of production time 

and labor cost, and particularly crucial for small-scale premise, whereby labour cost at rate of 

$5/h is a major monthly operating cost. 

As the flood was spread to location A (a) and location B (b), the maximal rise level of 

wastewater were taken for six sampling times during the peak production hour as shown in 

Figure 4.3.2. At location A (a) , the maximal wastewater head was 14.2± 0.8 mm while at 

location B (b ), the head could reach maximally 15.1 ± I. 1 mm. Both locations as seen in Figure 

4.3.2 were informed by the operators to be slippery and have incidences of falling down. 

Operators were also reported to be fatigued due to having to cautiously walking and there had 

been several incidences whereby the operators had almost lost balance and slipping. Floor 
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surfaces of location B (b) was particularly hazardous since the aisle was travelled on most 

frequent in the factory (> 18 times/h) . 

L. 

Location A Location B 

Rgure 4.3.2 : Flooding at (a} location A and (b} location B 

The increasing number of clogged holes has also reduced the inlet wastewater flowrate, 0, when 

determined using Equation 3.3.2 and therefore, a decreasing hydraulic efficiency, l!.:, based on 

Equation 3.3.1 was obtained during the production as given in Table 4.3.1. In this case, the 

remaining total open area of Drain Y had a major control on the inlet flow rate, with a strong 

polynomial correlationship (R2-0.99) than arising head (R2=0.84), based on regression analysis. 

After 71 holes were clogged, the operators were observed to stop the operation shortly, and 

cleaning of the clog was performed. 
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Table 4.3 1: Changes in hydraulic efficiency of drain Y with increasing number of clogged holes 

Number of Remaining 
Head, h Inlet flow rate, Q Hydraulic efficiency, .c·clogged total open are, 
(m) (m3/s) (%)holes, n A (m2) 

25 0.0044 0.0031 0.00065 54.23 

36 0.0035 0.0048 0.00064 
53.33 

46 0.0027 0.0075 0.00063 
52.72 

52 0.0023 0.0095 0.00059 
49.17 

63 0.0014 0.012 0.00041 
34.44 

66 0.0012 0.014 0.00037 
30.98 

71 0.0008 21.37 
0.015 0.00026 

The increasing blockages of the grating's holes had reduced the hydraulic efficiency of the drain 

down to 21 %, at the end of observation, which implied that 79% of wastewater was not removed 

and had flooded the other locations during the production time. Hence, Drain Y was not efficient 

in removing the wastewater during the production. With such a severe wet flooring, operators 

claimed that the flooring was still wet on the next day if cleaning is not thoroughly done. This 

was particularly a concern, as the damp environment could provide an ideal condition for 

microbial growth and pest attraction. 
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Table 4.4.1 shows the mean ATP results {RLU) and microbial count as determined for the 

different point of Drain Y after the cleaning procedure. The clean benchmark was <500 

RLU/100 cm2 and applied for this analysis (Amondio and Dinno, 2014). 

Soil water inside the gully body has high aerobic plate count (APC) is 8.lxl04 CFU/cm2

followed by 2.4 x 106 CFU/cm2 in grating surface, 4.5 x 106 CFU/cm2 in perforated 

holes, 5.3 x 106 CFUkm2 in drain edge. The highest ATP values were also recorded for the soil 

water inside the Dra: :n Y body, followed by drain edge, hole surfaces and grating surfaces. On 

the other hand ,high i -evel of Escherichia coli(l CFU/cm2 ) was found in the soil water inside the 

drain, 25 CFU/cm2 in grating surface, 2 CFU/cm2 in perforated holes, 17 CFU/cm2 in drain edge 

The inner surface of Drain Y body was highly contaminated due to multiple reasons. The 

absence of filter basket allow the solid waste including the fats and proteins to sediment on the 

body's surface. The acidic nature of animal fat and proteins waste had attacked and corroded the 

unprotected concrete, weakening their structures and breaking them down little by little. 

Additionally, the acidic compounds reacted with the alkaline cement paste, which was the binder 

for the concrete structures and making it vulnerable to damage from abrasion, hot water cleaning, 

and further chemical attack. Such impacts had left the surfaces underside to be uneven with 

crevices and many dead spaces that could not be effectively cleaned and thus, had entrapped and 

accumulated organic soil, giving highest ATP value of 11657. 
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As can also been seen in Table 4.4.1, aged off-white fat deposits that shows thick greasy in 

texture and water-repellant (hydrophobic) characteristics was observed on the inner surface of 

gully body. The build-up of this fat deposits contained unsaturated fatty acids which has been 

oxidized or polymerized due to exposure to air for some time and became harder and closely 

bonded on the concrete surface. Since fat and greasy deposits contain hydrophobic molecules, 

the surface enables the bacterial cell-surface which possesses hydrophobicity (due to fimbriae, 

flagella and lipo ... oly,:accharide) to attach and therefore, could fonn biofilm. Biofilm is a thin but 

robust layer of mucil-:1ge adhering to a solid surface and containing a community of bacteria and 

other microorganisms which are more resistant to disinfectants. According to Giaouris et al. 

(2014), the biofilms formed by pathogenic and spoilage bacteria may create persistent source of 

product contamination, leading to serious hygienic problems and also economic losses due to 

food spoilage. 

Drain edge also recorded too high contamination with high ATP reading 10846 RLU/100 cm2, 

highest APC count of 5.3 x 106CFU/cm2 and high amount of E.coli (17 CFU/cm2 )which is as 

well as Listeria spp .. The drain edge was highly creviced, poorly finished with many sharp 

comers that accumulated soil could not be effectively removed after cleaning. Similar sharp and 

rough finishes were also observed for the holes and grating surfaces, and hence, implying the

same reason for ineffective cleaning of organic soil and microbial counts. The recommended 

surface roughness for meat contact surface equipment is Ra<0.8µm (EHEDG Doc 44, 2014). 

Too high surface rough ness as definitely illustrated in all of Drain Y's surfaces has hindered the 

cleaning process. Nonetheless, the presence of E.coli and Listeria spp. were still concerning as 

these violated the guideline of microbes limit on food and non-food contact surfaces as in Table 

3.3.1. 
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The recorded APC was unacceptable with 2.4 x 106 CFU/cm2on grating surface, whereby

Listeria �pp. and l!.,'. coli was also present. During the flooding on the floor, there was a clear 

potential for motile pathogens to migrate from colonized areas in the drain to Location A(a) and 

Location B(b ).Highest level of E coli was recorded at grating surface ( 25CFU/cm2) and Listeria

spp is detected. E coli was not removed during cleaning operation as they are able to surve in 

large range of ternperature ( 7-45 °C) In all cases, Listeria monocytogenes and Salmonella spp, 

were not found (three sampling times). The result proves the formation of biofilm on grating 

surface which cannot solely removed by mechanical cleaning action. 

Listeria spp. was reported to be able to survive and grow at low temperature with consequent 

adverse effects in the ready-to-eat food processing (Chang and Wiedman, 2009; Fairley et al. 

2014). The species was noted for its ability to form biofilm as it readily adheres to surfaces. With 

these capabilities, drain surfaces when not cleaned effectively provided important niche for the 

resilience of Listeria and can be a source of contamination in the processing plant environment 

and possibly in food products. Meanwhile E. coli is a common indicator of fecal contamination, 
. . .

whose detection on surfaces is important for hygiene monitoring. Due to increasing stringent 

microbiological requirement, the presence of E. coli in RTE foods has caused subsequent 

rejection of finished products and substantial economic losses to the food producer (Keeratipibul 

et al., 2009). One of the possible food contamination routes is via aerosol created by use of a 

high-pressure water hose when cleaning and sanitizing floor and drains. The aerosol with 

microbes spread onto cleaned food contact surfaces and contaminated the meat products 

(Keeratipibul et al., 2009). It is known that meat products provides a preferable environments for 

verotoxigenic E. coli and this microorganism produces significant amounts of verotoxins in 

contaminated meat kept in 37°C. Several reports have found that intoxication through 
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consumption of undercooked minced meat, sausages and RTE-food contaminated with E.coli, 

sourcing from hygiene failure (Ekici and Duemen, 2019). While the meat is cut into pieces as 

commonly occur in the production , the E. coli on the surface of the meat reach the inner 

sections and can stay alive if a sufficient heat treatment is not applied, turning it into a risk factor 

for consumers (Miller et al., 2018; Ekici and Duemen, 2019). 

Worryingly, the flooci.�d area are located at the path where trafficking is frequent by operators 

and also by wheeled trolleys (>15 times/day). The wastewater flood was rich with heavy loads of 

fats, oils, grease and solids and therefore, the possibility for the microorganism such as Listeria 

monocytogenes and Escherichia coli to grow during the production at this area is high as the 

ambient temperature is averagely at 27 to 28°C. Flooding of drains causes microorganisms on 

the surface to become aerosolized and air disperses them, causing increased levels of aerosolized 

bacteria. Besides that, the presence of bacteria can also be detected with smell, in which the 

microbial growth was one of the main reason for the development of off odor (Hempell et al., 

2011). In a nutshell, the design and installation faultiness has limits the drain's cleaning 

performance. 

4.5 Checklist for gully's design and installation in meat processing 

Table 4.5.1 shows the checklist that can be used to guide the designing or selection of gully's 

design in a wet areas for meat products. User is able to tick v if the criteria is met in the "Yes" 

column. When the criteria is not relevant, user can tick for "NA" column for not applicable. 

Every "Yes" tick was scored with I point, while no point was given for "No" tick. When the 

criteria is not relevant, user can tick for "NA" column for not applicable. The salient components 
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11 

12 

• Use of membrane to prevent possible

water penetration to the lower ceiling

• Drainage piping must be double-walled

when penetrate into hygienic area and

made from non-flammable material.

Drainage layout allows wastewater to flow 

direction from tigh risk to low risk are 

Piping layout v.rith swept tees and soft bend 

to allow wastewater moving towards 

cleaning well that is positioned outside 

hygienic area. 

Total "Yes" and "No" out of 12 criteria 

4.6 Checklist validation based on Factory Y 

Both checklist.can be applied to any commercial and fabricated drain model. When this checklist 

was applied to the current Factory Y as given in Appendix 1, the Factory only shows 16.67% 

compliance for the the Design Checklist, while 27.27% for the Installation Checklist in 

Appendix 2. Based on analysis in Section 4.2 and 4.3, the hygiene problem and hydraulic 

inefficiency arised due to poor design and installation. Hence, the low scores of Factory Y has 

validated the usefulness of the checklist in monitoring the design and installation of drain for this 

case study. However, the checklist need to be validated in more case samples in the future so that 

statistical validation can be deduced for its practical usability. 
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4.7 Design checklist demonstration 

The Design Checklist was also applied to guide the designing of a correct new gully for Factory 

Yas in Appendix 3 and Appendix 4. The overall design for the gully structure generated using 

Autocad is given by Figure 4. 7.1. 

I Removable grati._11g 

I Double pipe wall 

U shaped edge profile I 
-----7) I 3mmroundedcomer I 

I Gully body connected with frame

.1----
--

--

/ 
I 45° spigot outlet I 

I Piping with horizontal outlet

Figure 4.7 1: Overa/13D structure of the designed drain 

The features of the designed gully are that the drain structure is made of stainless steel 

AISl304, with full pickle passivation. Full pickle passivation will be done for the drain to 

remove contaminants and assist the formation of continuos chromium-oxide, passive film. 

The surface roughness, Ra of the drain is less than < O.Bµm. Too high surface roughness 

Will hinder the cleaning process, rough surface is usually indicated by the presence of 

pits and crevices where the bacteria can hide themselves in. Back flow prevention is 
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located in between the drain and sewage system. The drainage act as a environmental 

surface, hence back flow is required in between the environment and sewage system. 

Bacteria from the sewage system can reach the environment and contaminate the food 

through improper drainage system Several important design features of the new drain that 

differed from the current Drain 2, were summarized as in Table 4.7.1 
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temperature of fluid inside the pipe. 

• 45° spigot outlet

The 45° bend in the outlet allows easy 

mechanical cleaning or jet cleaning of the 

piping system 

As for the installation, the following aspects must be adhered. (!)Production floor must be 

increased around the gully.Flooring around the drain is increased to increase the flow as the 

sloping of the floor increase. Steep surface can improve the flow across the drain. (2)Silica gel is 

filled at the floor drain interface.Silica gel as the common fillant at floor drain interface is 

waterproof which can block the flow of solid meat waste or waste water flow into the gap space.

(3) Frame is fixed at the flooring with two 2mm screw lock.The frame is fixed with screw above

the drain. During the cleaning p rocess, screw is removed to open the drain.(4) The drain should

not be installed under the machine, near to the water sauce, and receive 4 falls. The gully should

be installed at an appropriate place to receive 4 falls, to make use of its full hydraulic capacity.

(5) The frame is installed below the final flooring layer.The frame is installed below the final

flooring layer, otherwise the flow of waste water will be impeded by protrusion of the drain on

the surface.(6) The pipe is fitted and sealed properly at the outlet. The piping is sealed and fitted

properly with the gully body to prevent leakage of waste water. (7)The drain in installed in a

direction so that it flows from high risk to low risk.The drain is installed at a direction of flow 

from high risk to low risk, to p revent the contaminants from the low risk place such as meat 
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preparation area flows to high risk place.(8) The outlet piping is installed with minimum gradient 

to allow efficient flow of waste water. The outlet piping with appropriate diameter connected to 

gully body vertically and followed by a 45° spigot outlet to make sure efficient flow rate inside 

the pipe. The flow of fluid also influenced by pipe size and their orientation. If the outlet piping 

is horizontal, then minimum gradient is required for efficient flow.(9)The gully installation is 

installed according to the installation manual as in Table 2.6.1.The gully should be installed 

based on the instruction manual to make sure it is installed in a correct way to perform the 

drainage's functionality when it is installed. Physical fabrication and installation of the new 

drain was not proceeded due to time and cost limitation. These are recommended to be continued 

in the next projects based on the design and installation information obtained from this project. 
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CHAPTERS 

CONCLUSION AND RECOMMENDATION 

5.1 Evaluation of the effect of design and installation of floor drainage on hydraulic 

efficiency in a meat processing facility 

The results recognized that hydraulic efficiency depends on area of opening, sloping of floor. 

The open area of floor Drain 2 at Factory Y( 6361 mm2
) is less than minimum required area 

calculated using the f01mula of hydraulic flow rate (6390 mm2 ). The design of the Drain 2 is a 

simple gully made of mortar covered with a rough grating. Besides, there is no increased flooring 

around Drain 2 cause the flow of waste water at Drain 2 is slow. As if the flow of water is non­

stop, which the tap is not closed, the area of opening of the grating were clogged and getting 

smaller and flood level (head) will starts to increase. The flooding level can be up to maximum 

value of 1.5cm at production area, which is considered high . The flood condition has makes the 

walking movement of operators difficult and thereby affects the working efficiency,while safety 

of the workers is also compromised. Flooding cause the surface become slippery, which poses 

the risk of falling down. Drain flooding are sources of viable aerosol which lead to risk of cross­

contamination. Based on the analysis of hydraulic efficency of drain Y, the head of flooding and 

number of clogged pores shows a strong positive relationship on a polynomial curve with R2 > 

0.99., The hydraulic efficiency of drain Y drops from 54.23% to 21.37% corresponds to 25 

clogged pores to 71 clogged pores in just 40 minutes. Meanwhile the head of flooding is also 

increased from minimum of 3.1cm increased to a maximum value of 15cm. The 15cm height of 

flooding level pose a high risk to slip, trips and falls down. Hence, The faucet has to be stopped 

to prevent further increase of flooding head and sweeping will be carried out by operators 

manually. 
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5.2 Evaluation of the effect of d esign and install ation of floor drainage on hygiene in a 

meat processing facility 

Based on results, Drain 2 has no hygienic design with high surface roughness, non-rounded 

comers, surface with perforated holes and crevices, no edge infill at floor drain interface and no 

gully body made of stainless steel. The measured ATP reading was highest for drain edge 

(10846 RLU/100cm2) followed by perforated holes(5484 RLU/100cm2) and grating surface 

(3793RLU/100cm2) v,hich do not meet the benchmark for food industry which is less than 500 

RLU/100 cm2• 

The microbiological test measured the I) aerobic plate cou�t (APC), 2) Escherichia coli, 3) 

Listeria monocytogenes and Salmonella spp. based on culture method. The aerobic plate count is 

the highest which is 5.3 x106 CFU/ cm2 in drain edge, followed by 4.5xl06 CFU/ cm2 in 

perforated holes, 2.4 x I 06 CFU/ cm2 in grating surface and 8.1x104 CFU/ cm2 in the soil water 

inside the drain. 

On the other hand, the level of Escherichia coli in soil water is recorded as lowest of 1 CFU/ 

cm2 in the soil water inside the drain, followed by 2 CFU/ cm2 in perforated holes, 17 CFU/ 

cm2in drain edge and the highest in grating surface of 25 CFU/ cm2.,While for all the samples, 

Listeria spp was detected in the sample , yet without the pathogenic Listeria monocytogenes, 

and Salmonella spp was not isolated. 

The surface of the grating should not contain microbes to make sure food safety and hygiene as 

microbial contamination of food will also occur through bio-aerosols transmission especially 

drain 2 is a frequent traffic area. 
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5.3 Proposal of design and installation checklist for floor drain in a wet areas for meat 

processing 

Based on the results obtained, a design and installation checklist of gully in wet meat processing 

area has been proposed. The checklist will be useful when it comes to setting up a drainage 

system in a meat processing facility. The design checklist was divided to 2 parts which are : 

1 )Design part, and 2) Installation part. 

Meanwhile, the installation checklist was divided to 12 criteria including drain proximity to 

water source, location for easy cleaning, inspection and maintenance, avoids traffic. gully 

secured on suitable flooring, frame is installed below the final flooring layer,flooring material 

around the frame is increased and use of appropriate sealant at floor-drain-interface, drain 

receive falls from 4 sides with floor sloping of 1.5 -2 % ,Square gully must be installed with 

shaped edge profile, drain is located above ground level in a multiple-storey building, drainage 

layout allows waste water to flow direction from high risk to low risk area, piping layout with 

swept tees and soft bend to allow waste water moving towards cleaning well that is positioned 

outside hygienic area. 

On the other side, the design checklist was divided into 19 criteria which includes all minimum 

required components, made of stainless steel 304, fully pickle passivated for the drainage 

components, surface roughness,Ra < 0.8µm, non-slip, removable grating with ladder, open grate 

area, A and drain dimensions corresponds to maximal hydraulic capacity requirement, grating 

with appropriate load class, no void space between floor and frame, grating with minimum 

thickness of 5mm, removable silt basket, appropriate opening area to capture solid waste, no 

dead space inside the silt basket, removable water trap with water seal height minimally 50 mm, 

dry sump and stainless steel gully body, vertical pipe, suitable pipe size and with backflow. In a 
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nutshell, the minimum components for a hygienic drain design should contains grating, frame, 

silt basket, foul air trap, gully body and transfer piping. 

5.4 Research Contribution 

The drain model designed through analysis of the hydraulic load of Factory Y can be a reference 

for owner of Factory Yin case of retrofit in the future. Besides, the checklist developed serves 

as a guideline for other sinall and medium enterprise of meat, poultry industry as these industry 

generates large amount of waste water per day. Hence, it is important for the wastewater to be 

drained quickly and effectively.With a standard food processing drainage model, the production 

environment will be able to meet the criteria to secure the MesTI, Good Veterinary Hygiene 

Practice (GVHP) certificate. Hygiene of food is important for food industry to maintain the 

image of industry and prevent theoutbreak of foodbome diseases. 

5.5 Research Limitation and Future Work Recommendation 

While performing this research project, there were some limitation encountered. One of the 

limitations is time constraints. The project was halted for more than I months due to the outbreak 

of Covid-19 in March, April, May. Analysis and lab work only start after June.In addition, there 

is only little reference of drain model, calculation about the point gully in meat processing area 

in Malaysia and globally.As for recommendation, for future testing of model designed, the 

engineering software such as ANSYS can be used to simulate the flow in the production area 

towards the drain model and determine the hydraulic efficiency of the designed drain. 

Besides, it is also encouraged to understand more on the effect of design and installation on other 

types of drainage model such as channel type. Thus, more research is necessary to support the 

findings and convince the society. 
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