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Example Poor hyglemc design
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National Food Institute, Technical University of Denmark
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We need to know...

+ How to construct

+ What to avoid

+ Whatto buy

+ How to clean & disinfect

* How to evaluate

National Foad Tnenfute, Technical University 6 Denmark
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Example: Poor hyglemc de3|gn

Hatiorial Food Institure, Technical University of Denmark

Overall consequences of poor hygiene

Reduced lifetime of process equipment
« Increased cleaning & disinfection
+ Prolonged downtime of process linef -
= Coslly repairs
Product contamination
+ Single cases influence the whole

food industry
+ Bad reputation for retailer brands

» Closing of factories
+ Law suits against Ieadlng staff

Nationsl Food Tostitute, Technical University
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Priorities to ensure high quality and safe products:

1. Remove soil (fat. protein, carbohydrates, salts & minerals)
2. Remove/kill microbes (cleaning/disinfection)
3. Avoid recontamination (rinsing/drying)

By combining proper design, correct cleaning procedures and
use of effective cleaning agents & disinfectants we should be
able to obtain as low microbial loads as possible in the process
This is also the best clue to the control of Listeria
monocytogenes

Natlonal Food Institute, Technical Unluersity of Denmark Hayes, 1985
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PARTIES INVOLVED IN PRODUCING !
HYGIENIC EQUIPMENT, WHICH CAN
IMPROVE FOOD SAFETY

1
i

Aarnisalo, K., Tallavaara, K., Wirtanen, G., Maijala, R., Raaska, L.
2006. The hygienic working praclices of maintenance
personnel and equipment hygiene in the Finnish
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Mational Faod Institute, Teehnical Uinlyersity of Denmark
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Details in Hygienic Design:

~ Materials must be durable in the process temperature ) . . _r
interval, be non-toxic and inert to preducts (odour and ~ Pipes and equipment should be self-draining.

taste), cleaning agents and disinfectants, be corrosion
resistant, be wear and tear proof and be easily cleanable.

Details in Hygienic Design:

H

Al

Dead spaces should be avoided.

Al

: Fastners with e.g nuts, bolls, screws and rivets shall be
- The surface structure of the material must be smooth — avoided in product contact areas. Alternalive fastening
the surface profile properties e.g shape. height and methods should be used Use domed heads
roughness can be measured — and free from crevices.
Internal angels and corners should be aradiused to
~ Joints shall be shallow and polished to the same facilitate cleaning

roughness as the surrounding surfaces

A

Al

; . Bearings and shaft seals shall be mounted outside the
~ Suitable materials in the gaskets shall be used since production area to avoid contamination

metal/metal joints are not tight.

r Instrumentation should be hygienic.
x Eqmpm_ent and process lines must be ~ Surfaces shall be construced to avoid dust accumulation
«2scessible and cleanable. Bl SRl
. & i - . . oty i)
Main EHEDG Guidelines in Hygienic = HYGIENIC DESIGN OF CLOSED =

PROCESS EQUIPMENT AND SYSTEMS

In Guideline 10 drawings on: 1) how to avoid crevices,
shadow zones and stagnant product areas, 2) how to connect

Design of Processes and Their Equipment

Guideline 8:  Hygienic equipment design criteria, 2004 and position equipment in a process line to ensure
L L. . . unhampered draining and cleaning-in- place etc. & 3) how to
Guideline 10: Hygienic design of closed equipment for prevent leakages in processes and thus also product
the processing of liquid food, 2007 contamination:
i A . P . . - pipe joints {Fig. 1} - swept tee (Fig. 10)
Suidellneta: Hyglemg design‘of equipmient foropen - metal-to-metal seal (Fig. 2), - flow diversion (Fig. 16)
processing, 2004 - O-ring seals (Figs 3-4) - poor probe mounting (Fig. 12)
Guideline 34 Integration of hygienic and aseptic equipment, - flange connection (Fig. 5) - temperature probes (Fig. 15)
2006 (undergoes extensive renewal) - heating of sealing (Fig. 6) - screw connections (Fig. 20)
- dynamic seal (Fig. 7) - vessel lid mounting (Fig. 19}
Guideline 44 Hygienic design principles of food factories, - double shafi-seal {Fig. 8) - metal plate welding (Fig. 18)
2014 - pipe transitions (Fig. 9) - vessel insulation {Fig, 21)

- centrifugal and lobe pumps (Fig. 11) - dead legs (Figs 13-14)
- pump by-pass arrangements (Fig. 17)

Mational Tood Institute, Tecnnical University of Denmark National Food Trstitute, Techalcal Univertity of Denmark
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Some Examples: -
Poor Design
©1)
i )
Correct Design ; ‘/
®2) - .
‘_ {\:—‘*>
(e)
Poor Des:g;‘; { i A
, =
12} proguet anea, (0) CONCENDIC AEOUCEY, (C) ecOemne MdUCey. 0ng ve/Sin. (0) #Ctenine leduter, Shof verson
T8} POIETHIN ENIDNY TOM
. oI
Some Examples of Poor Designs: =
LA A A
%ﬂ :
¢ (JI #\l:
te)!
14.1) {14.2) (14.3)

1) product e, fb) 2 bublie. (e} condensale, (d) heaf raBEOn TN fpresent e I0at
Figure 14 — The adverse Influence of dead areas on the detortamination of protess fines.

(14 1) and 14 2) Gecontamnation with kquids,
14 3) deconmamnanon with sleam
shadow areas must be as short as possible
o 1 =, S
> —» =

25220 —

>

Hational Food Tnaritt

HYGIENIC DESIGN OF OPEN g

PROCESS EQUIPMENT AND SYSTEMS

In Guideline 13 factors affecting operation hygiene and
cleanability are dealt with using the following pictures:

- corners (Fig. 2), - preduct protection (Fig. 12)

- screw joints (Figs 4 & 5) - flange couplings (Fig. 14)

- welded joints {Fig. 1) - foot bearings (Fig. 15)

- dismountable joints (Fig. 3) - belt reinforcement {Fig. 18)

- equipment rims (Fig. 8) - conveyor belts (Figs 17-19)

- drainability (Fig. 6) - framwork structures (Fig. 22)
- equipment covers (Fig. 10) - horizontal framwerk (Fig. 23)
- shaft arrangements (Fig. 11) - framework cladding (Fig. 21}

stirrer blade aftachment (Fig, 13)
equipment accessibility (Fig. 26)
- equipment fixed to floor/walls (Figs 24.-25)

Hatlonal Food Inutitube, Technicsl Unluersity of Benmark

- walkway design {Fig. 27)
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Some Examples:

Poor Design Correct Design

17.1) (r2)
(a) procuct area, () positve displacement pump, (c) bypass, (d) yale

Figure 17 — A for positive

pumps with p refief valve or bypass.

Wational Faod Inurituts, Technical Univarsity of Danmark
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Some Examples:

Correct Designs m/ /
(13.9) (132) l
A A\

(13.3) (13.4)

Poor Designs

{2) product area, (b) 0ead leg Wi resiaual soll
Figure 13 — Position of dead lags with refersnce to the flow of product and cleaning liquids,

Shart dead legs (13 1, 13.2) will be deanable long ones nal (13 3, 134) Dead leg positon m {13 4) i better
than m {13.3) due 1o the drection of the fiow

National Foed Institute, Technlcal University of Denmark
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Poor Design Poor Design  Correct Design

21)

{a) product area, (b) sharp internal angle

Figurs 2
Welded joints in corners. (2.1}, {2.2) Welded seams in corners create uncleanable areas;
{2.3) radiused cornars and correctly welkded seama in the plain area avoid any hygiens risk.

Mational Food Institute, Technical Unlversity of Deamark
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Poor Design Poor Design Poor Design
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Y ORI 0t (b) Ml acmesal COnEKY, (€] ORG3 B16, (0] CTHAca

Figure &,
Hazards aus to unhyglenlc design of screws exposed 1o product are caused by metal 10 metal contact,
erevices, §ops and dead areas.

Correct Design Correct Design
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Poor Design Correct Design

o7 [Ed)
(nlnmducL (hJﬂpmrrm! sh?sﬁ lt)slnpsnalnndﬂsmimveﬂk:d risars, (@) no mvatmrpminm (8} handrail and

area, (f) endosad steps, () handmit mside walkwery, (h) sold ant-skp sleps ond
plats

Ilocl-punes ) hinamidod, coinuos kek

Figure 27
Walkways over exposed product. (27.1) Inadequate protection of product beneath walkway: (27.2)
hyglenically designed walkway.
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Correct Designs

Poor Design

A

)
FIILIFIIFITL ST,
(281}

{8) product atea, (b) rounded pedastal. (c) dearance, (d) seaked to the fioor

Figure 24
Equipment fh(ad 1o flocrs. (24.1) L with a smail
will be in addition, ly fixed feet, sharp corners and crevices at
the fixing point cause hyglene risks; (24.2) fael pmperly fixed to rounded pedestals or (24.3) sealed to
the floor with sufllchnt clearance characterise hygienic design.

to the floor, cleaning

oy

Poor Design

Correct Design

21 0z
1) product aoa, {h)_wmmmﬁm feondensate, kibncanss) (€) molor with fins [ceoad areas], (o) Trower fing, () salf

Figure 12
Protection Mpmdur:t. 1z Eqnplmxmow:oaovermy eXposed proguct can contamindte it by
soll, (12.2) p: heets, covers, end cowls must be artanged to protect
the pmeuﬂ-

National Food Tnstinute, Technicat University of Denmark
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Poor Designs Correct Designs
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(n) reswduss of soi, (b) smeal| dearance, (¢} dearance, (d) skope. (0) adus, (f) sealng

Figure 25
Equipment fixed to walls. (25.1, 25.2) Horizontal surfaces or ledges retain soil and smalf clearances
impede cleaning between walls and (25.3) of (s=e tiso
Figure 23) must be radiused and properly fixed to the wall Illwlﬂg  sufficient clearance; (25.4)
equipment can also be directly fixed to the wall if sealing materials are used ,

hational Food Institete, Technical Unlversity of enmark
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EHEDG Guideline Doc. 44 — Hygienic
Design Principles for Food Factories
For cleaning and maintenance purposes a minimum

clearance under the equipment, between equipment
and/or from the wall is suggested as follows

~ 20 cm clearance for < 80 cm sized equipment

~ 30 cm clearance for 90 — 150 cm sized equipment
~ 45 cm clearance for 150 — 210 cm sized equipment
~ - 60 cm clearance for = 210 cm sized equipment

150 cm
[#=] 2=
20cm

30cm l 45 ¢m 60 cm

Natianal Food Institul¢, Techmical University of Denmark
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Control of Listeria monocytogenes

i

In the food industry L. monocytogenes Is recognized as a
problem, because of its ability to colonize surfaces and
crevices.

L monocytogenes in biofilms can be persistent on food
surfaces It can form biofilms:

-1n cold and in ambient temperated environments,
- on food contact surfaces
- slainless sieel and
- elaslomers
- on non-contact surfaces
- on glass

Natlonsl Food Tnstitule, Technical University of Denmark
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Control of Listeria monocytogenes

1t

L. monocytogenes has been isolated from:

- unpasteurized and cross-contaminated dairy products
e.g raw milk, maslitic milk, pasteurized milk, ice-cream, butter
and various types of cheeses

- fresh produces e.g. melons
- salads e.g. coleslaw

- cross-contaminated RTE-meat products
e g sliced cold meat and cold-cut deli meat “rullepslse”

- RTE-fish products e g. rainbow lrout roe. cold-smoked and
gravad rainbow troul and salmon

These cases show that both cross-contamination and heat
treatments in food production must be strictly controlled to
prevent foodborne L mongcytogenes infections

Hationa| Food Inutitute, Techical University of Denmath

Control of Listeria monocyfogenes =

2 1N YOS eral

Toble . Sosoepibiley of Naskiom £ mome yhrwrer ke 1% 105

Coll nmnbers e CFU o 0r of Unareated)

Sarain

Varcaied 0 oo Sl
[ ERIRRE LS ELIRRIUIRL 28T el iy =hith
Vi .24 2007 iy §T0x 00 AN A E0UE e i
" 9% 2 104 11k Gk E 0] 19 35 (R R <hin
1o 9312001 11 KOS 002 0220 P <run
sy 9,37 2003 1100 52 L o1 15202001240 <nim
Seou A 954 44105 (1R LT AR LT 1964 1H3% 0 <1 <0
[ .12 £48 1hish K0 a2 ot S i
a 900 £ 062 1 <1y <hitn
it a1 £ am i < on <ham
Une 1 953 L0 tish < <bith
e RATR T PELERCULEPRE ) LTSRN TE b TR TS “hqin
v 93 2un it o od A <pue

“alves wsius pach colume, i e srne Kt 413 e g STreot - 005}
CA samber o puer i log weethrm] ¢+ stmadad Srvsion
“Saceptibiy s of L sy sz e <imedad i swel v g m H:0; et for Yimie,

Yun, H.S. Kim, Y., Oh, 8, Jeon, W.M., Frank, J.F., Kim, S.H ., 2012. Susceptibilty of

Listeria monocytogenes bluf\lms and planktonlc cuhures to hydrogen peroxide in

food processing envirenments. B legy, and Biochemistry 76,

2008-2013.

Mational Foad Tstitute, Technical University pf Deamark
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Control of Listeria monocytogenes

n

Listeria monocytogenes may persist in the food
processing environment for years i e it can be difficult
to eradicate it from the food processing area, when
it once has got into the facilities
Here follows some examples of Listena sources in the
processing plants are

- conveyor belts

- cutters

- slicers

- coolers and freezers

- brining and packaging machines

- sinks

- floors

- drains

Hational

Control of Listeria monocytogenes -t

Disinfectants commonly used in the food industry, e.g
quaternary ammonium compounds (QACs). chlorine-based,
alcohol-based and peracetic acid-based have been shown to
be effective against L. monocytogenes celis in
suspension, but the biofilm formation as well as the
presence of organic material impair the efficacy of the
disinfectants.

L. monocytogenes strains can adapt to the disinfectants
in places, where lhe disinfection after the cleaning is not
effective enough e.g when the agent is used in suboptimal
concentrations at cold temperatures.

L. menocytogenes can also survive in lubricants used in
the food-processing industry, be transferred to stainless
steel surfaces from lubricants and vice versa

Matiohal Food Institule, Technical University of Denmark

Control of Listeria monocytogenes v
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Yun, H.5.. Kim, Y.. Ch, S., Jeon. W.M., Frank, J.F., Kim, 8.H., 2012. Susceptibility of
Listeria monocytogenes biofilms and planktonic cultures to hydrogen peroxide in
1ood processing environments, Bioscience, Biotechnology. and Biochemistry 76,
2008-2013.

Mational Fosd Institute, Technical Unlversity of Denmark

5 (7)



Hygienic Design in Food Processing with Focus on Control of Listeria
Gun Wirtanen, DTU National Food Institute, Lyngby, Denmark

Control of Listeria monocytogenes i

Tuble & Surc gptuisty of L wnen shopenes ok bt Kepeated Lapesore o 1 Utk tor i Fofkrsed by Re Comth o TSEVE L *4hat
ne

Cell musder. g CHUVGHS (5 4f Loeraal

s [ I et 1 re-prmat Iabivanen Il pruth o e Sl gt
B UG oy 67200 asn TISTONT TN 0200 Bl AMAE W1 TLDiRY TS AL LB
WO RIS 010N S22 0 HY G TS DI AEIY 63 DN S AT LI GOt i IR LA T RN B e
B anaefeiim 1000 dile. FTZ00T B0 of oy BHZEY bz ST O e
£ BEEQBLAIN VRN W ame00t 0 - <1l

LEOC 472 oy SMDAT B ~ A0l
VI SRAmam SO B 2411037 2 A L0pha 10
B OGN 20N M0 MBSO N 4162 0 Sk Tzanr (RS
B aN2G0I 28b20) CIEFLE A ST P LY
S A WORzOO N IREAST QU EH0OC BT 6 IR A
TSRO0 2RO B B0 P8 L o REOF T Y T SALZOMT TN
W6 Aoy <0 @ £305 008 2051 45T 0057 310D 13000007 (NS aad AT TR
Bl osbzOmmn @ EE YT R AR O0Y I MO 2ol TRl

Vi 3£he ot e+ s s b 3 w3’y G b < O
Ut e 1 i b oY - o dosn
el s of L mmenisews s arm sl by v 12 b e b o, et
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Coufses at
DTU Hygienic Design Centre

~ 2 d basic course in hygienic design (HD) on equipment for
Equipment Manufacturers once a year at DTU in late-
September 2016

~ The basic course can be tailored (1 d or 2 d) for food
producers and food building designers in and held in the
premises of the client

i

- 2 d course "Inspection Procedures in Food/Biotech
Process Design” held at DTU by Dr. Roland Cocker in
English March 8-8, 2016

~ 4 d Advanced course in hygienic design (with exam) is
held at DTU once a year; next possibility June 6-9, 2016

~ More informalion at the home page: www.hdc.food.dtu.dk

Mitions) Food Institute, Technicat University of Dunmark
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Activities at
DTU Hygienic Design Centre

i

»Consulting equipment manufacturers and food
producers

~ Testing based on EHEDG GL Doc 2 of closed
processes, which is in most cases a part of the
certificalion procedure

~ Evaluation of hygienic design in food and biotech
processes from 2016-17

~Training and education in hygienic design

~Development of test method(s) for certification of
open process equipment

Mational Fuod Inilitute, Techaical Unbveraity of Deamark
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High Level International
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Advanced Course Registration form

Course on Hygienic Engineering
and Contamination Control

Hygienic Engineering and
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1

~ Hygiene aspects should be in focus when designing
both equipment and process lines - saving money & time

~ Legislation do not contain any detailed instructions for
hygienic design. There are guidelines and standards
available e.g. by EHEDG, 3-A S8I, NSF, ISO and BRC.

European Hygienic
Engineering & Design Group

~ Wrongly designed constructions are the major
reason for poor hygiene in equipment; attention should
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Natianal Food Institute, Techaical University of Denmark

be paid to hygienic design when purchasing equipment.

- Listeria monocytogenes must not be
allowed to build biofilms because it is
a very hard microbe to eradicate from

the facilities.

Mationat Food Thettute, Technical University of Denmark
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