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‘ of Mic to carcasses during slaughter is a reflection of the care taken on the slaughter floor and of the types and
, rO
“dt f ~Organj

'(‘Qd "8anismg acquired by the animal on the farm or in the period between farm and slaughter. These micro-organisms may
g ‘Em i) POisoning

k hag o madj“’am‘ms able to cause illness in the consumer, or micro-organisms responsible for spoilage of the product. Vast
ibf"”'i'v"nm (\«» tily Clea iy . ”\-Ftaucmg the contamination at slaughter and thereby extending shelflife of meat. In contrast, international
,-.11,,\% e i W that meat and meatproducts are responsible for a major fraction of all foodborne infections. This latter aspect
Zg”iv\? ‘““Tance l '€ numbers of micro- organisms but by the bacterial composition of the animal’s gut flora at slaughter. Preventive
‘FOO‘HQ;E Gqy Uality, QOnn the whole production- and processingline is therefore the only effective means of controlling the microbiological
é IQ'”QK al ¢ Meat, Thig includes hazard analysis techniques to identify critical control points and procedures for monitoring the

i A‘”g(;} €p Od:[is of Production animals and carcasses since most of the critical control points cannot be totally controlled. At early
o MUM Ol i, o line colonisation with pathogens should be prevented. Subsequently, good slaughter practices will assure carcasses

R

10 0
o an gical Quality. This paper deals with microbiological monitoring systems which can be used at different stages of
d pr og pap y

i Csin
i & 10 control the microbiological quality of poultry- and pigmeat.

Unts
.f mlcroblal Contamination may be found on surfaces of freshly slaughtered carcasses. This arises by direct or indirect
h]de legs or hooves, with gut contents or faecal material or contaminated equipment. Upon storage and handling
R, bnmeats and p, * Will Jeaq to either early spoilage or form a potential source of food-poisoning. Several microorganisms regularly
=-products (e.g. Salmonella, Campylobacter, Listeria) cause serious concern. Prevention of contamination therefore
cconomy g well as public health. Vast progress has been made in reducing the contamination at slaughter
(gas) Xtend”‘g the shelf-life of meat by the introduction of hygienic working procedures in combination with refrigerated
agmg (Farber et g 1990, McMullen and Stiles, 1990, Mulder et al 1990). On the other hand the statistics clearly show
ehng igin still Plays a major role in the transmission of zoonotic diseases (Genigeorgis, 1987). Apparently, more attention
Ogica] j Improvements in relation to spoilage then to the prevention of pathogens in the foodchain. It may, however,

€r th
€ present production conditions, never an absolute guarantee can be given that the gut flora of so-called healthy

" Micro- “Organisms pathogenic for humans. It is therefore interesting to analyse what has been done so far to prevent
S With pathogens.
"OPerations has relied on inspection to judge compliance with accepted good manufacturing practices, food laws
fthe nd product. This approach has several shortcomings since the laws or codes do not always clearly state what
Sung“‘Sh between critical operations and those that have little effect on hygiene. The temptation is, therefore,
"y on those parts of the process where compliance can be evaluated easily, rather than those which are critical.
Ologicy) lestmo 7

as concentrated at the end of the production-chain, the slaughterline, the part of the process were

Ogica]
'Mprovements have been implemented and changes in numbers of micro- organisms relatively easily can be

Ould
Provide a false sense of security. Over the last few years, several new approaches have been developed for

micro-organisms (Huis in 't Veld et al.,1988) which possess the potential to be implemented in specific
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areas of the production process (Huis in ’t Veld and Hofstra, 1991). i
n ¥ Mlie,

This paper discusses the failures and successes in monitoring animal husbandry for pathogenic micro-organisms. In additic
slaughter technologies on microbial contamination of meat is reviewed. by
N,
2. PROCESS INTEGRATED MICROBIOLOGY sml:
L8 ¥
To evaluate whether a food operation meets commercial requirements and complies with the law, quality control P i Q]Un
enforcement officials have traditionally inspected an operation for compliance with accepted good practices and taken samPﬂ“
for laboratory testing. But as is well known microbiological testing only identifies effects and usually neither identifies 10" ;mf"
A major portion of the activities of quality control departments have therefore been directed toward observations and mea5~ o:‘ W,
little or no relationship to microbiological hazards. Indeed, the use of testing to control microbiological hazards in o
limitations. These are: micf‘f'?"} i
- the problem of sampling and examining a sufficient number of sample units to obtain meaningful information of the SIMC‘l
status of the herd, flock or batch of food (Kilsby and Pugh,1981).
- the constraints of time and costs to obtain results. ;. LDr
Perishable products such as meats cannot be stored pending the results of microbiological analysis and with deep froz o i i@; R
sef

. . . . R . 4 Y
products costly warehousing is necessary. This approach has failed so far, also foodborne-infections could not be pre Wiy
c

‘ s oty S eall
Another approach is needed and has been developed, a conceptual and structural approach where multidisciplinary te i I I
Q

A

srate
not to solve the problem but to control the process and prevent foodinfections and food poisoning by longitudinal integ rat ﬂv
pe

1)”[
(Tompkin, 1990; ICSMF, 1988). There are nowadays exciting new developments in rapid microbiology, but these will only”

0(‘ (()‘
they fit in newly developed quality assurance systems. The use of process microbiology instead of food-microbiology is the” 2[ u-ln,»m:‘
There is an increasing understanding nowadays that the microbiological status of a food is the result of a chain of ever®™ qﬁjg'M
the microbiological safety of a food can only be guaranteed when the overall processing, including breeding, htf@nm' ‘o““, l(‘yf‘\
management, slaughter technologies, storage, distribution and handling by the consumers, are taken into COD“dL N4
microbiological quality assurance of food is not only a matter of control, but also of a careful design of the total Pfo& Ii“ drm“
to obtain an endproduct that is microbiologically safe. Industry and food microbiologists have now generally adﬂp[ed riQ”‘
systems based on the principles of the HACCP concept (Table 1). lf:lh(

0([‘:‘; Od
Implementation within certain areas of the food industry, however, has been hampered in some cases by a lack of knoW edg;c:l‘? -
bility to control the critical points in the production process. If the microbiological quality of processed foods can be 2 “wgﬁﬁ:‘ 3
the process itself, microbiological control of the end product may then be omitted. Combinations of high quality ra¥ ‘D-[,;ﬂ'
of time-temperature-tolerance as well as over production-processing-packaging are of paramount importance. Both the p(’;i;( ‘ro""‘\

f00®" |

the microbiological quality of foods and the need for quality control points, strongly depend on the nature of the i)
contrast to highly processed foods, foods of animal origin possess a relatively low level of quality confidence. This 15
complexity and the length of the meat production chain and the lack of absolute control over critical control points in " y 55‘%
and processing line. Generally speaking, the better the quality of a product can be assured by longitudinal integra“d ss” NG
less need there is for extensive microbiological monitoring. However, it has to be realised that the majority of critical o ;&“;N

X Q gy
production are classified as CCP2, critical control points which cannot be absolutely controlled (ICSMF, 198 m,«i"}“x g,

: : : . 5 5 Z 5 o - . . o Or 'y,
microbiological monitoring at specific sites in the chain is necessary for checking that the requirements have been met , Uy
have to be tightened u P,

)riln
|
\\L)!'d

N\
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ages
"0 the application of HACCP

01 ¥ lh[‘]{'a‘{;o;;‘(;f\ ____________________________ sia o
Hazarg - micro-organisms
('@‘“_\'sis - toxins, residues etc
“‘”‘[Qa“% -4 - ranking risks according to severity and frequency
‘Sm“ﬂtig ! - where must control be exercised
rsoﬂﬂf %H Ccp

. how absolute is control (CCP1° or CCP2")
mp}ff‘ “][Jn m 01 Opti()ng

. - effectiveness
( Onl Oring
g A >
of Ptions - utility
o S
jre! - reliability
P
0 - accuracy

- implement quality assurance

0, pract : Pl N
Nazay Practice, process or procedure where control is possible in order to prevent hazardous situations, whereas at CCP2
Ie Minim:
U fimised but not totally controlled.
1 0 tDre\/e .

N Nt
o £; R 1ve $YStemg 1 s Ehel A " : 3 .
! )h@rts also will include new developments such as predictive microbiology especially at CCP’s (McMeekin and Olley,

1§ “WT Micy i()‘l() . g Bratche| et al., 1989; Zwietering and Huis in 't Veld, 1990). The quality of a product will become less dependant
dt“(nr hy itioilcal testing bug more and more from knowledge, design and logistics of the total production-, processing- and distribution
7‘3’32‘{:[)”“8 > Contro] wjj) be exercised through predictions based on mathematical modelling at critical control points. Microbiological
'f’oilu!:hm)l d Vér Never be omitted. Therefore, there is a need for simple and rapid microbiological tests which can be adapted to
g “;:1: e log]sﬁcs of specific production processes. It is clear that traditional microbiological approaches cannot meet these high
ql;HAM](.
fio® 'ROBIOLOGIC e
) % PROBLEMS ASSOCIATED WITH MEAT PRODUCTION
gy olog;
| tl&:::im X Cm :;(::(’HS of the live animal are of paramount importance for the microbiology, especially the safety, of the consumer-
,»:””“d. s i " Pel—i:dto food-borne infections. The most important Salmonella serotypes isolated from human, poultry and pigs 1'n
eﬁh Wiy, Origin 1989 - 1990 are presented in Table 2. This example clearly shows the relation between human Salmonellosis
@ Moy .
ml"/‘; The Mogt i
bi[“{\r‘_‘ (SOUrCe; Dmponam Salmonella serotypes by man, chicken and pig
5 :‘”\ °h Salmonella Centre, National Institute of Public Health and Environmental Protection, Bilthoven)
mﬂ"{‘\\
(N
xolf“';S.M MAN 4 CHICKEN % PIG %
i Qr]b"’“Urium 289 990 | 1989 1990 | 1989 1990 ,‘
§ g 397 169 | 18.4 81.2 77.6
29.5 19.5 10.0 1.0 <1
6.8 8.6 1351 <l 0
2.6 9.9 18.8 0 <
1.9 143 14.2 19 1.5
1.4 <l <l 1.0 2.4
=i <1 =< 3.4 1.3
<l <1 < 2.2 L1
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Therefore it is important to control pathogenic micro-organisms in the live bird, not only those which negatively influence <’“‘"n!i(j i\
of the animal but also those which may cause illness in humans by transmission of foods of animal origin. At latel =3 P:;hi:\,mE
production chain, the main focus should be directed towards the prevention of contamination during the slaughter pfOcess \-L‘a‘lef,%
forming units or the number of Enterobacteriaceae provide indications about the hygiene or good manufacture pTaC‘iCéS ‘|c'3!'l[i;
consequently about the safety and quality of the final product. Microbiological control, therefore, must include rapid, Slmpdvf?‘rﬁcul
detection or monitoring systems for pathogenic micro-organisms as well as methods for measuring hygiene during slaughte’ ""ﬁm
4. MICROBIOLOGICAL PROBLEMS ASSOCIATED WITH PIG MEAT
ol

S. typhimurium appears to be the most important serotype in pigs (Table 2). It is not easy to rear Salmonella-free animals: Olid}&‘é by
approaches, including herding, fattening and slaughtering, will eventually lead to pathogen free animals. Measures that m{;p,,l‘qm(
decrease the incidence of Salmonella include: the establishment of Salmonella free areas in which the animals are reared “M"Qr,

of the animals against environmental contamination; the use of Salmonella free feed and water; the establishment

b T ).
breeding stock and the transport of animals under conditions which would not allow contamination (WHO VHP/83.42) :
. At : ] . . . el GRS : ; com &
of hygiene in pig fattening brings immediately demonstrable benefits in elimination of salmonella infections (Ooster@

1983).

. Ol
= L7 2 . . :  ation Ny .
The length of stay of slaughter pigs is another important factor in the manipulation of the salmonella contaminatio Ay

(Morgan et al. 1987). i ’“Sm;
In contrast to poultry, where C. jejuni is the predominant specie, pigs are believed to be the most important source 0f fE. LOO
as yet not much in known about the epidemiology of Campylobacter species. However, both species can be regul farly 1\j‘iht¢m
faeces. Faecal carriage rates of Campylobacter spp. among pigs may be up till 100%. However, muscle tissue of he? A
principle, free of micro-organisms. Campylobacter spp. are not very hardy organisms and as a consequence so enviroﬂmenm
of carcasses by this organism appears to be insignificant. Our preliminary investigation shows that even as the Coﬂtamiﬂﬂ
pig before chilling is up to 30%, the recovery rate after overnight chilling is lower as 3%. ﬂcr,i Ty
Nevertheless, contamination of muscle tissue during the slaughter process by e.g. faeces, skin contaminated tools Is and gV " i¥
clothing, should be prevented. Although this contamination seems, to a certain extent, to be inevitable the level y @k ;

! o in O
decreased substantially by bad or good slaughter procedures. It is important to know the critical control points by W

critical control points must be monitored, not only visually but also bacteriologically, continuously or periodicall
under control (NCR, 1985). For monitoring the critical points in the slaughter and processing line it is not necessary
pathogenic organisms in the first place. At this stage of the meat production line, it is more important and makes more*
general level of contamination than to look for specific pathogenic micro-organisms such as Sa/monella. In the ideal ’”ua y
of pathogenic micro-organisms in herds should have been established before and the logistics of the process should first? i “]
s

T

50
da he

of (specific) pathogenic free animals in order to avoid cross-contamination of the slaughter-line. In addition it

pathogenic micro-organisms often have a highly heterogeneous distribution on carcasses, which makes detection an 1
: , i ey
policy very difficult at this stage (Mossel,1982). by’ i’f

\

By scalding at the right temperature, the number of aerobic colony forming units per square cm on the pork skin is feduc hm
The highest reduction of the bacterial load on the skin is achieved in the singeing or flaming oven. ~,1ﬂ3" ism
In the blackscraping and polishing machine pig carcasses are often severely recontaminated. If cleaning and diSimeL.bgcutw.L
effectively, considerable quantities of dirt (hairs, parts of the epidermis, etc.) remain in the machinery. Large number 01 ;,"\""'h'cm

overnight on this debris and cause a more or less severe contamination of the carcasses during slaughtering. Consequ® L hh“du

mmﬁt m h“]

counts of 4.2 log;(N per cm” were found on pork skins after they had passed the polishing machinery, which hé ‘tﬂ‘ds‘
of

appropriately. When cleaning was carried out more systematically but without daily disinfection, the contaminatio”

disinfection are inadequate the bl lackscraping and polishing machinery acts as a continuous source of bacterial conta r\
{
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g, 0 il g 3 y . : 1 . el ! o
” in’ ‘mmaf S per cm?, Mechanizing the cleaning procedure by using rotating spraying devices in a daily disinfection programme
a5 ‘hix Urth
07 Mg
k““&g Makes cleaning difficult and elaborate. In order to make cleaning and disinfecting easier and more effective, (voluntary)

1, dp .
i o © set for the quality and style of the construction of slaughter equipment, and for the types of materials which can be

i
gty
. gﬂd’ tty
| It 2 . In th : > . : ; g .
‘SDQQH € production of food, hygiene is of the utmost importance. Great differences exist between several slaughterlines
0 Q]ea 2
nlng

s
- LV >

! hiy T reduction of contamination by 0.5 log,oN per cm’ (Corstiaensen et al., 1986). However, the complicated construction
oo’ ; ery
o

s &

o 4

imp & o
a . ; . 5 o : s

im to Cramp the style of the designers of such equipment, but to avoid the bringing onto the market of equipment which

an disinfection of the equipment. At this point, much can be learned from the dairy industry.

Oﬂ{} ‘ Clean { part

WD,
o | ey

lo
m’wldtﬁq A of the skin at

. ¥ the end of the so-called unclean part is already high, it will remain at that high level. In that case even

cj :
Sa!mf‘; m“wt‘lg e;::rmg @visceration do not have much influence on the total contamination measured by total viable counts.
;tricﬂlr‘dliong Mak Ary to monitor what exactly happens during the evisceration procedure in the so-called "clean" part. Enterobacteriaceae
ling © Sense in that view. Enterobacteriaceae-counts give a reflection of the faecal contamination in this part of the
| ling Measures taken in this part of the slaughter process must be focused on good slaughtertechniques. Especially damage to

Contaminas: A : - : : -
of PP Cligy @mination of the carcass must be avoided. An integral part of the complex of GMP is paying attention to the training

0
| DQI‘S s 5 . . = . >
‘an]\/ Onne] working on the slaughterlines. However, a warning note should be sounded here. Hygienic working practices

’{(N it Matter of teach: : . - ¥
m,‘f' h It ong teaching to a sample of employees. Measures intended to improve and control hygiene in a company are complex
jfu “term j : PR .
solﬂ‘*’“u qﬁcad INvestment, A strategy has to be developed to involve people in hygiene programs (Gerats, 1990). Results during

'

Ows ! : ; - e , :
AL Q()nﬂrm o only in a totally controlled production system a systematically improvement of hygiene has been achieved. This
ﬂ}cgiﬂMl y Microbiological monitoring.
iy

it RURIOL

GI
! CAL PROBLEMS ASSOCIATED WITH POULTRY MEAT
ol Dri B
iI‘m"‘hm,:‘ldW breedin
g § Company keeps relatively small numbers of pedigreed birds, which are selected for various commercial

i §

b’ iy the [IQ& Such as f
ﬁdf".'a}» \ Darem €ed conversion and body confirmation. These birds are multiplied by the breeder to form basic grand-parent stock;
- g «

T s
4 I, . descend ding stock will be produced, sold and further multiplied to rear large numbers of broiler chickens. As the breeding
{ .‘ It :

[]«gm ' > there is 5 gradual increase in the pressure on the live stock: being kept in larger numbers are higher stocking

"sh[,m .
M
N ky, €l

§ r]
¢! '\i(h.])MOfe Com‘i)unéefslood that Salmonellosis in poultry is extremely rare. Occasionally some serotypes will cause disease in young
10“";‘!(:(%::?]“3 e k:; lis the situation where Salmonella infection takes place by symptomless carrier birds. Due to the large numbers in
10‘\"“, ’“'dled B 2 common environment, the relatively small number of symptomless carrier birds may produce high percentages
,gf"“ 1 S 2t the broiler house level where stocking densities are extremely high.

tent;
1a]] o S : - . 2
Y pathogenic microorganism in poultry products make exporting countries more vulnerable to undesirable import

eSSit
Y for better

. hygienic procedures in the whole production chain becomes more evident. Methods for production of
Angeqd

* AN increased number of birds per m?, reared in climate controlled houses in which microorganisms may spread

Ryis
J(‘.JU :
WIVITSE
Sof » Salmone]]a enteritidis and other serotypes and haemorrhagic Escherichia coli O 157 H7 are examples of
sh Ong :
k)‘”1(iry ©M. These

DracnCes S

organisms have got the opportunity to increase in live animals, probably as a consequence of intensive
almonella and Campylobacter bacteria can therefore be present in healthy animals. In the intestinal tract of

Of ¢q)
0 J . . ~ ~ ~ . . . Y
Ny forming units (cfu) of Salmonella range from 100-1000 per g. With Campylobacter the situation differs :
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Campylobacters can be isolated in numbers ranging from 10°-10” cfu per g of intestinal material.

Problems with this high number of potentially pathogenic microorganisms present in the intestinal tract may arise durif 5% _«.t“ﬂin;
to cross-contamination the whole flock can become contaminated. It is evident that the aim of preventive measures t2 akef! art "Kﬂlc
out should be to decrease the number of Salmonella and other potentially pathogenic microorganisms in the live bird. ik‘;’hel)t)g
Figure 1B gives a typical scheme for the procedures applied in different poultry processing plants. Depending on the phase ¥ }"h“ o
the individual processing steps are with or without human labour. From a microbiological point of view there are St“ifa] ”[‘Fir
critically to control the microbiological contamination of products and equipment. r‘\n’[h“ §

24l !

: ! . e, %, ; . . = 10 th b

In this figure the processing plant starts with supply/ transport. By mentioning the critical points in the phase pricf t hrid
C e

process it is recognized that conditions of transport from the rearing farms to the slaughterhouse also contribute t0 the £y

].‘
b
. i : : sy : ; efO It
skin and feathers with faecal material. Cleaning and disinfection of transport cages or containers after each transport ther! T

In terms of HACCP this also should be considered a CCP. A

; . > ; : 1'0d hﬂr
Modern poultry processing means a high rate of production, more than 6000 birds per hour. Developments as the int \/6“"*1 i

; : . A . . ater ( oy

stage cleaning and scalding have resulted in a decrease in microbial counts on the carcasses as well as in the scald wate o §

. i

e . - " : < e FantiON
1991). Less cross-contamination can therefore be expected by using this equipment. Automatic cleaning and disinfect aﬂd“kh n
- . . . . ~ “T»’\‘r‘

equipment is commercially available now. This equipment is the first part in a chain of machines which are able t0 clea" : 4
.,1“&,
]

place. E
i
5.2 Visual monitoring !

U\’E

0{,
Although often forgotten, visual observation is an important means of monitoring the critical points in slaughtering and 7* . ”u
cn Sy
If dirt can still be seen after cleaning and disinfection has been completed, bacteriological examination is wasted work- '

i
5 o - ? : 2o : ; 1in g
be used regularly to objectively monitor the effectiveness of the cleaning process at the critical points in the slaughte p d

o
. o s ) . nb

should be given as: good, sufficient, insufficient or bad (Gerats et al. 1981). A mean score for each machine can the b

i
1]%
By Microbiological monitoring " n
A 0
V- 4 UD(()@

The frequency of the microbiological evaluation should be specified and the results must be recorded systematlcﬂl) ﬂmﬁ"'ﬁ\w
: . . e i el . : / 10 )

employees is necessary. This should also include monitoring for pathogenic micro-organisms at farms. Unfortunately .
m\(),

been given to this part of the product line. ko
gt

IV ey

AR
o i = . , -hec®” f

In the Netherlands two microbiological tests are used for monitoring the slaughtering process. One is based on ch 7 My,
s if

: i . ; : : - 0 Pef
cleaning and disinfection of equipment before slaughtering starts. The other method assesses the bacterial population p

surface of carcasses or cuts during processing. (Snijders, 1988) or per gram for poultry (Mulder, 1978). rdc“‘:’“
The disinfection of machinery surfaces which come into close contact with carcasses can be monitored regularly with ;wr’"

e - : n A . ount
Many years of experiences in The Netherlands have shown that small plates (3.2 cm in diameter) filled with plate s X
(2]

: oL : - : 3 Ja
for this purpose (Snijders 1988). After sampling and incubation at 37°C for 24 hours the number of colonies on the P o
oft

classified. A general judgement about the hygienic state of the equipment can be obtained by calculating the meaf! :

machines/objects. v

g

: s : : . : i a8
The bacterial condition of the surface of the pig carcasses is a useful parameter in appraising the overall hygiene in 0”“

an indication of the effectiveness of hygiene processing and support the visual inspection during processing. For this P 5‘

i

method gives the most reliable and reproducible results (Nortje et al. 1982, Snijders, 1977). In this method thre€ dis rf“‘\\
bq[ion‘ :f‘

L

surface area of 5 cm? each are punched out of the back, abdomen and cheek of the carcass. After plating and incu A
ait0”"
colony count and the Enterobacteriaceae count on violet red bile glucose agar can be calculated. With this kind of mo M”‘

to assess the effect of changes in the processing of pigs (Snijders, 1988), and poultry. (Mulder et al., 1978; Boldef #

84 ’ s
38th ICoMST  Clermont-Ferrand France 1992




Qne

Kty
b, TSt : : : : B .
# ] ‘“icr% he EC Zoonosis order will come into force. In this order a mandatory monitoring system for herds or flocks is foreseen.
8% ), O0rgap; A . : ) A .

lqm”\ati ; 1SMS to be monitored are named, however looking at the poultry production chain monitoring with respect to Salmonella
jun’e lie, on i the m . -

4 Q()mro] OSt important issue.

e

Poin : N : iy ; A . o
) My s with reference to Salmonella contamination can basically be divided in two categories: the first is critical because
I B, Tty of : G i, : . , : -
p'\l ® 0, ! Massjve multiplication due to infections or suboptimal storage, the second because of the role in the transmission routes
el by m j
g " the whole prog

g
e (o  the 1y

9]
[hc gl ﬂ\‘Qr mﬂne”a)

uction chain (cross-contamination).
€ animal should be aimed to predict the contamination rate of herds and flocks at slaughter. Of course informations

onlf"ﬂ“ X 0 the slauj:i,ms of breeding flocks, hatcheries etc is of importance. The actuality of the contamination status of a flock to be
. i I;,ltsampling 4 sfterhouse, however exceeds the importance of findings in earlier phases of the production.
iy rcsul( & €Xamination at three to four weeks of age at the rearing farms predicts the current contamination situation. Dependent
Jting

jucﬂt“‘ 'fmh,ubx before Salmonella cont
V" Hutlg i Salmg

T nella is done routinely. By monitoring the situation of contamination of the live flocks, sampling of processed
0" fit
Ny

ho
o, %S can be minim
R, g . .
4, While " quipment in the slaughterhouse. On the other hand L.monocytogenes on freshly slaughtered hogs can hardly be

Ce T A : ; . ;
Xamination specific herds or flocks can be slaughtered in a different plant or in a special slaughter order : Salmonella-

aminated animals. The latter approach is applied in those poultry integrations where sampling and

al. The only motive for doing so is to control whether products become contaminated through the

L,

Major . X 3 . : ; ; : . :
\ iy is e Jorty of primals are often contaminated with this micro-organism. Thus, environmental contamination of primals
., Nificy f > g . ’ y
QQntro] } tand growth may occur in drip water, wet surfaces and water left standing in drains. This appears an important
POt for Listeria
A ¢
Oy
A5 |

v

Ic
OB
'0LOGICAL MONITORING APPROACHES

&

et m””bg
;

Tr’f‘i\ alty
g Crnatj
i ey . 1v ¢
i © rapid an
i bl 3
0
V)
i g
:ﬂ]:‘““ @as 0
Wy 5

the f, . : e
Mpact 25d Industry, automated instrumental microbiological analyses such as impedimetry and turbidimetry have had a
as

alytical techniques in food microbiology are available now. (Huis in ’t Veld et al., 1988). A summary is

) :
/O ah A y i T : -
'R, Oung Awig Ygiene parameter (total counts and Enterobacteriaceae) in routine food analysis. Bioluminescence, the ATP assay,
I Moy 1 .
i gy ® € applicy

Wl £a tion as a hygiene parameter, as it provides almost instantaneous information about total bacterial contamination
! ‘&xlgl i Surface

: » Provided that at least 10,000 micro-organisms/ml are present in the suspension to be measured. In contrast to

i)
3
0f .
A e Obia] : :

Ay ® g Metabolites (toxins etc.).

% Ul JOI’

7 A Ml

Lﬂu
’ &Mﬁc b

Myp,
; OIogi
%oy Mic o assays or nucleic acid hybridisation tests can provide information on specific bacterial species or virulence types
Iy

“ohce N ! 4 . : : ; Lt :
to Com e among microbiologists with respect to the implementation of new techniques is their sensitivity, particularly

plex ; v g
actena Samples like foods. Indeed, the sensitivity of these techniques is by no means high enough to allow direct detection
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4

Table 3: Potential novel microbiological techniques for use in food operations and their characteristics
/\'{T\ r-
" autoﬂ"ﬁi&‘l“f
characteristics detection user costs speed | sensitl- by
hig
pathogens friendly vity(*) / &
¥
Impedimetry Bacterial metabolism/growth +/- = high 4-24h 10° by
Turbidimetry Bacterial growth - Sr high 6-24h 10° 5
Bioluminescence ATP - +/- | variable | < 1h | 10~10° Y
. 1! g,
Fluorescence/DEFT | Morphology/viability - - variable < 1h | 10-10 b
Immuno-assays Specific antigens and metabolites 4k AF moderate | 2-6h 10*-10° by l
& Vi)
DNA technology Specific DNA sequences(genes) S +/- moderate | 2-6h 10° m”‘“n
/high ' Umw
Flowcytometry Morphology/metabolism + +/- | high 0.5-2h | 10-10° /
hr\/,\
(*) sensitivity in expressed as the number of cells/ml to yield a detection signal
3 L
I e
n CO”t ! i
In principle, modern methods, based on Bio-analytical reagents (monoclonal antibodies, DNA-probes and primers) i i “(H~I
ofls y M
automated instruments may meet the requirements for implementation in food operations. In contrast to the present situatio sd . ‘Dr(
k/
methods are being "prescribed" to food manufacturers , future microbiological quality control should preferentially be €x¢ Py e by
combinations of certified bio-analytical reagents and techniques such as immuno-assays, various DNA hybﬂdlw ; o p“‘xtn
al” &
rnl r ()‘ml
(

automated culture systems and flow cytometry (Shapiro, 1990; Patchet et al 1991.). These approaches will provide info y
nce type® (nrf‘e“'”é't

of specificity desired: from total bacterial counts through family and genus levels down to subspecies or virule

Generally speaking two types of tests are required: 1) very sensitive and reliable tests at critical control points and 21 Ish‘i‘dx
rapid and used-friendly tests for screening or monitoring purposes. ”Qm
¢ !\(}r
6.1 Impedimetry and Turbidimetry :Li”\hl
[‘mz.' :\R‘“
When microbial growth and metabolism take place in a culture medium, changes in electric impedance (Z) will occu™ " jrv‘:"hjwyi“
for these changes to reach a threshold value (i.e. the detection time, DT) is inversely proportional to the initial mOLUXU L e
Eden, 1984). Mszef"‘"‘n:’,“
When small numbers of microorganisms are introduced into a broth the initial impedance changes are too small to be Eel“ ¢ “hu]‘\*
initial circuit noise of the instrument. Not until there is quite a large microbial population (10°-10° CFU/ml) of &t ;nc i,}(‘"‘m“
microorganisms can the instrument recognize these changes. This directly uncovers one of the drawbacks of the tuhmq ‘Uh,‘&s
of quickly detecting low levels of microbial contamination. qlcogu‘” Mfi
Since their introduction these methods have only incidently been used for the determination of microbial contamination ¢ i i i |
units or total numbers of Enterobacteriaceae). Recently methods for the detection of specific pathogenic nlino’Orp |rﬂ)\
introduced (Smith et al 1989; Ogden, 1988). mn" hr;f
Another instrumental technique which is based on bacterial metabolism is turbidimetry (Manninen et al 1990; Mattilla q:, o i, i
of microorganisms in liquid media changes in turbidity will occur which can be measured spectroscopically. The tord” ﬂul‘v'fql:m
also relatively slow for the estimation of products with a low initial contamination. Most applications, so far, have beel '[-VD:{
§

the initial contamination level (Schulz et al 1988).
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T
ummes(:em ATP assay

Vg
/ ! Pid gy,

b, d sengit; ‘ : ’ . .
o i, fisitive ATP assay, based on the firefly ATP luminescent reaction, has long been used in analytical and clinical research

b Ceent ek s : o : : .
me'( ly, modifications of this method were developed as an alternative to the traditional plate count techniques in routine

Ricy]
B dnalygj . : . : :
Uy, + AT lysis (Stanley 1989; Stewart 1990). The firefly luminescent reaction can be summarized in the following reaction:
1 PI- ;
L = E.LH,-AMP + PP
+ M A‘MP 0,
t > Oxyluciferin + CO, + AMP + light
o Bl
J“]ff\r
s Ly :
4 = luciferin; E.LH -AMP = enzyme-bound luciferyl adenylate; PP = pyrophospate
4 I»‘V\'d] ]
1ght
ﬁu; Out 5
| ”mum 0 Put of 2 Sample is directly proportional to the amount of ATP present and can be quantified in so called Luminometers.
Il

‘ at Jeg
i BNR 10 cells is required to give a signal. ATP measurements can be used for measuring efficiency of cleaning surfaces

BRip

| BATION TECHNOLOGY
g

)L ”n()l

™ 0gy ¢

th‘r‘ : e . an be used for d

1[!\”"”

etection of specific micro-organisms as well as groups of bacteria.

Adhvh s aes .
i | %he. In g, yb”dlsallon»based methods can be distinguished. Firstly the hybridisation with a preferably non-radioactively labelled
€D
ey t NA probe technique (Fig 2.), bacteria are applied to a solid phase, usually a nitrocellulose or nylon filter. After lysis

- Ais fixed to the filter. Subsequently, labelled DNA probes are added and allowed to react with their counterstrand,

n .
it [J‘Jn [hls t
U Al Ype T . " s
il i, ”fDN Pe of f€action, the DNA present in the sample is not multiplied. Its sensitivity is therefore dependant on the initial
#1 e * hig jg : S . P g :
¢l Y 'S also the case in the newer application of DNA probes, i.e. the hybridisation in solution, followed by capture of

] or R
NA by a second probe as developed by gene-trak systems, Framingham, MA, USA (King et al., 1990)

5§
>
MQS
r“’”’zal SO f ; ; .
on ¢ ar (selective) pre-enrichment procedures are needed to obtain the minimum number of cells required for the DNA
(appm’(imatel

,b QSQ ri

Y 10° cells/ml). This can be done along the lines of the classical microbiological methodology. The method,
3, a]] S A ‘ : :
. rn()nell OWs the identification of the bacteria within 2 to 3 days, including sample pretreatment (Rose et al 1991). In this

AProbe "
"l ang i § derived from single copy DNA or from genes with a low copy number can be used. Yet bacteria generally possess
41 g

: Tibog . ‘ .
Qrge 0S0mes angd consequently as many copies of 16S and 23S RNAs. Ribosomal RNAs may therefore be a naturally
t fo

15 v ®prg, y Tdisatiop probes (Haun and Gobel,1987).

I s, is th =4 : : : :
o by Tl © Probe or primer induced DNA amplification e.g. the polymerase chain reaction (PCR). In the PCR type reactions

i i Ut spec:
Wk R, A Pecific DNA

2 U Seq probes (primers) are added to the DNA sample. If they meet their complementary strand, they will
R Ue
U

Nt po]
Cr

q Of o
. timec
by, ch‘ﬁc es (

Ymerase activity doubles the initial amount of specific DNA. This cycle can be repeated, in principle, for an

, Saiki et a] 1988).

];M“' ki "qnq Pe :\ Probes, Suitable for use in food microbiological analyses, are now available for implementation. Universal Salmonella

nil“ﬂ)""‘lr,xu&pecieg ha\/emers’ Campylobacter species specific probes and PCR primers and several probes for E. coli virulence types and
'N‘.A_k ich cen Constructed (Hofstra and Huis in ’t Veld, 1990). However, the enzymatic reaction is strongly influenced by the

Ctermin . A ’
Mination haye to be carried out. Sample pretreatment for these methods may be limited by a cleaning up step or

i Tele ' y
@ Hly, top ' vant for application of DNA probe technology are:

- 10-0rpani« o :
I.“‘mng Micry '8anisms, e.g S. enteritides or S. typhymurium
of .

Qrga o
Nismg 2
‘Cm\or Sms, absence of e.g. Salmonella

8anigp
Ms, e.g. for epidemiological studies
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7.1 Identification of microorganisms

DN:\'""’”@L
Identification can be performed on pure cultures by the classical DNA-hybridisation technique. A particular set of labell fﬂ‘ ﬁ(H
may replace the, biochemical and serological identification systems, generally used today. We have selected random DNA ”;ber
the development of probes specific for the different Campylobacter species. Probes specific for C. jejuni, C. coli and o &m‘iti
Campylobacters have been developed. These probes were used for the identification of previously isolated and chariidﬁ“sed CZ\“ g
species (Huis in 't Veld et al 1991). In all cases, a very good correlation with the few classical biochemical tests at b wc*%m
DNA hybridisation technology can therefore be used for identification, especially for those microorganisms which aré diffe i
with classical methodology, as in the case of Campylobacters. “T‘*Unw
;5:%
7.2 Detection of microorganisms h“bi'd;
~§1\5€
In the above mentioned hybridisation methods, the DNA present is not multiplied. Its sensitivity is therefore dependant on P Uﬂ\( |
of DNA. When high numbers of cells are available as in pure cultures, this is no problem. In many practical situatio” d lg\l
numbers of pathogenic microorganisms present in foods or other specimens must be detected. In these cases tedious ‘mdr p\r
pre-enrichment procedures have to be performed. This can be overcome by using in vitro DNA amplification procedures lli\
chain reaction (PCR). H“"\\‘:r‘%
Sequencing of the C. jejuni probe led to a set of primers which could be used to detect as low as one single C. J€JUm cell g ’:K <
these promising results one should not conclude that DNA amplification methods like PCR will detect a single cell in nat® ' l.!\[ 2
have conducted experiments in which chicken meat was seeded with different numbers of C. jejuni cells, after Whi° ! . ::[’“ﬂ
recovered by rinsing with peptone-physiological salt solution. Samples were analyzed by classical plating on selective bl i i
the PCR reaction. The percentage recovery by plating was generally between 50-75%. In parallel experiments, spect ific 3 hkdl
performed in the rinsing fluid after a short washing procedure. Numbers as low as 10 cells per 10 ml of rinsing f fluid wefm k:\p
with varying efficiency. One of the major problems with DNA technology is the sample pretreatment. How can cells P ﬂﬂ"‘ Pe(“‘
the foodmatrix? A very promising technique is immunoseparation (Skjerve et al 1990), the isolation of cells by binding ont? rf"‘b‘:“y‘ |
coated with a specific antibody. The cells bound to the beads can subsequently be detected by cultivating on agars (Vefm n\"“‘“»'m
ATP (Torensma et al, 1992), PCR or an immuno-assay. SI:::
k.
7.3 Typing of microorganisms i[h]:z:(
g

In epidemiology, it is very important to elucidate the type and origin of microbial infections. Generally, biochemical 'I"“'LM”(‘I
in combination with phage typing are being used. A major drawback of these techniques is that they are genus/species 5p .[] ﬁni""%mﬁ
be performed at specialised institutes. Furthermore, these techniques rely mainly on the availability of highly specific (r2? olt‘? i \
are difficult to standardise with the consequence that international standardisation is almost impossible. DNA & i E;\“‘

opportunity to overcome most of these problems by a generally applicable combination of Restriction Enzyme Analysi® : fcf:'()‘ by

; oo A
more DNA probes. The basic principle of this Restriction Fragment Length Polymorphism technique (RFLP, DN

presented in Figure 4. Several variation on this basic principle are possible. dlsll' 'mm b
On the basis of these DNA patterns, typical fingerprints of each isolate can be defined. C. coli isolates can be easily o ‘(lr

the other species, but also within the species C. coli variations in DNA patterns between the different serotypes were obs” k‘ I(D
possible to discriminate between Campylobacter coli isolates from different pig farms. RFLP typing holds theftfore i, )

ot I
studying the epidemiology of zoonoses.

88 Yoo . o
38th ICOMST  Clermont-Ferrand France 1992




Iy

I ‘\]U
N()‘*\SSAYS
b,

ANl

d D"iu\j Sl a5
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: ¥S based on polyclonal or monoclonal antibodies are performed as Enzyme-linked immunosorbant assays (ELISAs),
~assy i v ) . s o
" the la ¥S (RIAs), fluorescent techniques or agglutination tests. ELISAs can be designed in a number of ways as shown in Fig.
i e
cﬁmp. | ”3“, gp A

o, “ific
Wi : b ing i

! W years, several modifications on the classical ELISA procedure have been introduced. They claim either a higher

'ty or Tapidity and above all simplicity. The choice of the format very much depends on the type of molecules to be
"®quired Specificity
As, ELISAs

he |
i eDaratiOn)‘ I

a POUQk mm“no’aSsays allow the detection micro-organisms directly via the detection of specific antigens (Mattingly et al
e h
k 4 Metap, » 1990) or indirect]
. Oliles :
iniiif‘ d“iay Whic > Such as toxins, can be detected in the picogram to nanogram/gram range. Fig.5 shows the double antibody blocking
7

v BLjg or sensitivity. For example small molecules such as hormones can only be detected in so called

asgs.

" ln[
i‘CulILL W)
R are usually carried out in a microtitre tray. Alternatively, polystyrene or ferrous metal beads can be used
ITI

i
\H’)S
b

atter have the advantage that a magnetic device can be used to collect the beads for the washing steps

o . : . g it . . 2y, ‘ LI
J y via changes in the antibody titre in serum of infected animals. In addition, residues, antibiotics and

A as : : g R ’ :
w“‘\ cUrrently been introduced in the Netherlands for monitoring S. enteritidis infections in poultry.
: 4 l(),
o ¥ NS
e ) \JSORS

o

{het Uyh
y DO\\

hn. Crfy]
g

too] f, .
Hom“"q *(Sp or Monitoring infections are biosensors (Robinson, 1991), in particularly immunosensors based on surface plasmon
lig)
gl

: (VTS L 4 s : G
) g " ad . ©1al 1992). The technique offers a number of potential advantages over conventional immuno-assays. The detection
Al A tin : . ) \ : :
"k Sl envi ', While the immunochemical reaction takes place. Moreover, the system is easy to use, does not need highly
:hUn " ll'()nments

Lyt lagey ; and can easily be automated for decentralised testing. The SPR immunosensor is based on changes in the
Al “light

\ejml‘ Plﬁ“&q Jantibodies t ™ Metal-liquid surface, due to a change in refractive index. Local refractive index changes, produced by binding
e 0

(4 ) o S}) ; SUrlng

SCPJ” *Q”\, A ”“munOS

A ey

=y i

Immobilised antigens, disturb this field and the plasmons arise at a different angle of incidence. This shift can be

2 calibrated change in intensity of the reflected beam at a fixed angle of incidence with a pindiode The sensitivity

€n ; . - -
s Normally depends on the molecular weight of the ligand to be detected. Antibodytiters in serum can be detected

Y, g to A : ;
il "("brh Tayg bi the antigen coated slide. Small molecules (Mw < 5000 D), such as residues and hormones, cannot be detected
' lig Indjp . . . No i
B, i g 10 the antibody coated surface hardly changes the refractive index. This can be overcome by the introduction of
0, B
Yeng Ticles coateq

with the small molecule to be detected which will lead to a dramatic change in refractive index and
; Mereqg . . . Al A . :
B, e holg Caseqd Sensitivity. Biosensors based on SPR have just been introduced in clinical chemistry, they certainly, as will
Doy,

Promjgec S / - Nl . : ]
i mentio lises for future monitoring residues, hormones or microbial infections in animal husbandry.
th

iR e techp; . e : e i o
‘EY‘M‘\UT Df()dumi hmques= alone or in combination, will soon find application in Longitudinal Integrated Safety Assurance systems
| i on of ) ; ) .
ygiene food of animal origin. When manufacturers would develop simple and cheap instruments which can be used for

Pl I M ang 1d s implementation of process integrated microbiology (control of hygiene) would be within reach. As the need
- CNtifica,:
"8 of ICation of ¢

the

& Ost o s : : s . . :
E,\“ nWlth Oth ‘Mportant features microbiological quality assurance, in the long run, DNA probes and Immuno-assays in
er ti

pecific pathogenic micro-organisms (subspecies of Campylobacter, Salmonella, Yersinia, Listeria etc)

ec , o] s
hnc’lo%lcs will form the core of those automated monitoring and control systems.

TH T
of "% i HE APPLICATION OF NEW MICROBIOLOGICAL METHODS
‘ L a

. 1§ cl
| QAr that q:¢p J : ; A o . o i
a1 ‘QI()DQG o Tegy) that different microbiological questions have to be answered at different stages in the production line. Also the
b Wt and the . . - TR Ry

‘n(,[ d WPp); the Tequired sensitivity or specificity may vary. Consequently, different microbiological approaches should be

My oo ASwag g
f th ow

eSe ne
W Xy 3 : :
ly developed techniques have been used within the production and processing of foods. Apparently, there is a

n before, the potential microbiological methodology is available but, unfortunately, it must be admitted

38th ICoMST  Clermont-Ferrand France 1992 89




il
gap between what is offered and what is suitable for implementation. The reason for this is likely to be due to the followi"® 1
- Some of the methods require highly skilled personnel, who generally are not available in the food industry.
- The separation of the target microorganisms from the food- or faecal matrix is the most difficult step. This is usually nolﬂ
in the instructions delivered with the kit or the instrument. iy X
- There are no objective results in some techniques. Subjective judgements have to be made by highly trained pc‘,rSO“”e' N
- Operational costs per tests may be extremely high. :“,’“kw
- Prototype versions are launched too early and industry is then stuck with expensive equipment which is outdated i Lo 4
- The penetration into the market is limited and as a result they cannot be used for developing commercial soul*l»ation& b iy
- Some of the methods were taken from clinical microbiology where costs is considered in a different order of m'idm‘ud @Uv‘:e"’?' D
- Most rapid methods are developed by fast moving companies based on venture capital which need a quick return 5 \cosfi( Uy
Especially research should be initiated into selection of appropriate methodology, the problems of sample preparation ad 5’:,«; t*’f
specificity of the results, all working from food matrix or critical control point towards analytical endpoints, rather thef ”?e~~
around. ng)
A“;\%”“
11. APPLICATIONS OF RAPID METHODS IN MONITORING ANIMAL HUSBANDRY, SLAUGHTER AND PROCD \ iy,
N
. a0l
Rapid tests with two different characteristics are needed: 1. highly sensitive tests for the accurate and reliable det.ermmauoﬂ L 4 id
or presence of specific pathogens. 2. cheap, rapid, simple and consumer-friendly screens which need not be as sensit’ "Npt
the first category. 10
One very important aim is to confirm Salmonella free pigs and poultry just before slaughter. In this way it will be Posslble]ﬂrf’
and flocks to avoid cross-contamination during slaughtering. Monitoring faecal samples of pigs and poultry from farm? P

il
43 : - s oo jal ! j
to be able to conduct good quality assurance systems, might be an approach. At the breeding farms it is of crul Ll

jP
management secures that the animals are free of pathogenic micro-organisms because spreading from these central P ')

enormous impact at later stages of the chain (vertical transmission). Although differences between pig- and POUlm qunl”“lme

ctS
; 5 . . : a0
ignored, the main task of the management is to pay attention to environmental conditions such as housing, external con®

U2
pio™
Sensitivity and simplicity instead of time are the most important factors, consequently monitoring by classical micr® r"”v

at this stage. The disadvantage of regular analysing environmental- and faecal samples in this way is that it is relativ cl‘ o ltth
foult ™ 1

of labour, materials and time, requires skilled personnel and a microbiological infrastructure and is therefore diff’® ,,5;.1‘ “Eh[&r
Wl B

breeding farm. It is therefore useful to develop a "rapid" screen to detect Salmonella-carrier pigs which can be used for o9 e o

mu
purposes on farms. Such a screen would need to involve few materials, require low labour input, be able to handle

ave? |
¢

produce presumptive results less than 2 working days after sample collection. Furthermore, the procedure would h " y
potentially low numbers of Salmonella to at least 10° cells/ml, without allowing competing flora to overwhelm the calmone 'I‘h:\"“ i fy
material to interfere with the presumptive test. Among several selective enrichment broths tested, Muller- }\aunmaﬂ‘ d
incubated overnight at 42°C, maintained the lowest ratio of Salmonella to competing flora and identified all ino®" uls?

J . . o L1t . AS
postenrichment in M broth plus novobiocin (MbN) reduced the number of false positive results in subsequent ELIS
npare

(B*

The ability of the screen to detect the presence of Salmonella cells in 100 naturally contaminated faeces was cOI

isolation procedures (Table 4). Of the 34 positive samples identified by conventional isolation, a commercial ELISA

. . izeh 2 — . 3 e L) 6' ) "
and Perry Laboratories) identified 19 (56%), another Salmonella ELISA screen (Organon-Teknika) identified < ( IW ‘T

il
(] 3
different samples (76%). Using the modified protocols there were 9 false positives from the Salmonella-tek ELISA 11 1[* " Y
The best of the classical isolation methods studied was 48h enrichment in Muller-Kauffmann cultured on XLD :md ! q%‘&&i
ot ! I}
which identified 28 (82%) of the positive samples. V.] ””&n
lh
Ay
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lSOlation and detec

" tion of Salmonella from naturally contaminated pig faeces using classical procedures and the screen for
decal gq

monellas. One hundred samples were tested and a total of 34 were Salmonella-positive according to classical

i .
Solation Procedures

.1;1 b
Qnd
I me[hods
N

No. positive % total positives false positives

\\

Ao
Wl
or’ (\h ,l)/("ll'()n(*)
4
5 |
My 25 74 35
[dL fo,
1" b, 28 82 ¥
0 ilep .
L 'chlzm(,,m)k\
it <8 N,
ol )
R N\
o F “ 24 71 i+
-

W”aﬂnk 19 56 1
“‘D““m"d J 2 65 9
e 535

20 N
“Mop
r\\\ Mla‘tek
9 i} 26 76 10
s ;.
1 gy,
, o Mifi
Hlg Y positj : 25
Pegy Clgp: POsitive Colonies on XLD- and Brilliantgreen (BG) agar.
| Nigg 0
o n x . " . )
o0° XLD ang BG agar negative by polyvalent O-serum agglutination test.
i "‘;
inf

i

t
ik P
B, Ologg

aS bee . - ’ : 5 : kS
A b Wey) ag been developed specifically for pig faeces although minor adjustments may allow for its application to other faecal
gl 110 Aran . ; , .
v I, “l 4 8 of other samples requiring monitoring for Salmonella, e.g. animal feeds or environmental samples. Results using
o Ay Parap]e ¢ . 3 : : Sl . ;
A “m’cna le #le to conventional isolation methods but the screen has the advantages that it requires low labour input, is already
IP ' !nh

M e 'S able g

test multiple sample and give presumptive positive and negative results within 24h of sample suspension in

- Atho : ; . . : : :
g U8h further studies are necessary in order to evaluate its efficiency as a method of detecting Salmonella-carrier
e -

tHials, the screen

S g is a valuable alternative to more time-consuming Salmonella isolation procedures. The total time
¥S anq 1, S
ibeg d has the advantage of being both simple and the potential for automation.
Methog
i hog detect

i s Salmonella in general and since no pure cultures are involved, cannot identify at the subspecies level.

Not a dr- . s
drawback because, detection of Salmonella is the primary and most important goal. However, there are situations

o, are required.

Ore
: » the
.?”%.L gy, - fUmber of
& R as m.
/b Cha: Mg : A " : . K . .
,"ch\ haln an de with the consumption of poultry. In order to eradicate this particular micro-organism from the poultry

"l % Poultry, : ; _ : . - : o
.(J;;"&). N The ke, Ty Industry, it is essential to monitor the presence or absence of this particular serotype after which essential
g 1y

fly,  Pro Ta ) he s, ente
g l3 i i bas

oS, hate

cases of human Salmonellosis caused by S. enteritidis has increased dramatically throughout the world

ritidis monitoring and eradication program for poultry in the Netherlands became effective in september

On periodic bacteriological cultural examination of all primary and secondary breeding flocks of both the

heries and imported poultry. Breeding flocks positive for S. enteritidis are slaughtered.

ONitoring system i.e bacteriological sampling of faeces, is known to be fallible as none of the methods of
le to detect

&

=l
h, 19 on jg i ; A - e A
i Q all positive samples (Tate et al 1990). Furthermore excretion of the organism is intermittent

or g Asing false negative results. As a means to overcome these problems, serological monitoring systems, i.e.

e
Pr ; s it : .
esence of antibodies to S. enteritidis, have been proposed. From the results obtained with ELISAs based on
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: an
Lipopoysaccharide antigens (LPS), it was apparent that cross- reactions with other Salmonella species occur (Nicolas

SiUd lﬁ!\

This cross reaction was probably due to O antigen 12, which is shared by both Salmonella serotypes B and D1. Furthéf h 4,
. . . . : aﬂ I

Huis in 't Veld, 1992, Zijderveld et al 1992) revealed that LPS-antigens could not be used for the detection of spect ific m;

,[I |
antlbod\ M

S. enteritidis in serum. Nevertheless, LPS antigens could be used for screening purposes i.e. measuring the bﬂla(
Salmonellas of the B and D group in order to trace down flocks suspected to be positive for S. enteritidis. In those flock’ o

testing was intensified to confirm the presence of S. enteritidis after which slaughtering took place. Although this pml :’Ld‘(
Netherlands has been successfully applied to reduce S. enteritidis in poultry (Table 5), it would be of great benefit t0 have®” hx h
screen which is specific for S. enteritidis and, after validation, make bacteriological analyses redundant. M[U:
Ao

N
Table 5. Incidence (%) of S. enteritidis in reproduction flocks and the reduction in contamination after imrodUc[iOIl % Ih fn‘f“
program (Edel et al 1992). '*4::

b,
Year Layers Broilers i “af:m
—- — £
1989 2.8 2.8 1.7 1.7 Lj_j‘“’
| 50% red. | | 35% red. | E\
1990 1.4 | 100% red. 1.1 | 56% ,r)‘*
| 100% red. | | 32% red. | [:
1991 0.1 0.0 0.75 0.75 b‘%["
'w_r.,x]d(
h, :
k "
km& W

of “Ih
Such an immunoassay was developed by Zijderveld et al (1992) in a double antibody sandwich blocking ELISA bas® o {j!‘ ¢
antibodies against a S. enteritidis flagella antigen (GM-DAS blocking ELISA, Fig. 5). cﬂ‘m{;vmq:"l(:
Compared to other ELISA formats and other S. enteritidis antigens, only the GM-DAS blocking ELISA was able ©0° ¢ g wpi"’g;{\‘[f ['
S. enteritidis infections and infections with other serotypes. The ELISA had an sensitivity and a specificity of both 1 ? u,‘\::);
serum samples of experimentally infected chickens. Also a field study showed promising results. | o ,fz\“‘:()f I:
This investigation, carried out in the poultry production chain, clearly show the potential of alternative techmque;ouldr‘-"n),cQh

presence of Salmonella in animal husbandry and consequently could also contribute to decision making which flock ® “Hf" k“n :
f the rdtar A 0

first. In this way cross contamination of poultry via the slaugtherprocess can be reduced. Although most o B

focused on poultry, there are arguments for application of the same approaches in pig production and slaughtering: rse['ﬂ %d

As was discussed before, an interesting new development is the Surface Plasmon Resonance (SPR) immunosensor (¢ ot "k (Tr»,

deposited slides were coated with LPS isolated from S. enteritidis to which sera were added. After 30 min. incllba,ecﬁ“ﬁ |1wn:1
hate i i 5‘\::5

washing procedure, a second sandwich antibody was added. Within a few minutes the biosensor could discrimir

or low titers against S. enteritidis (Fig.6). As has been discussed before, the LPS isolated from S. enteritidis is not> spe’ ﬂr"
i

. . ~ Sc
cross-reactions with Salmonella of the B and D groups have been observed. Therefore, at present research is foct o

|

parts of the S.enteritidis flagellum. Work is started to locate specific parts of the H antigenic part of the ﬂqaelll”ﬂ | i
to transfer and express these in E. coli. In this way, it is hoped to obtain an antigen with the required sppcmt”‘ fo
very rapid serotype-level screen for S. enteritidis or S. typhymurium in combination with the biosensor. pcﬂ'
Until now monitoring pathogenic micro-organisms was focused on primary production. This is an aspect of majo’’

00
pathogens have been eradicated in early phases of the production line, attention in slaughter and cutting can be )

Y
. 2 oty o y ﬂlﬂ
procedures of hygiene, cleaning and disinfection. At the moment monitoring systems in slaughterlines ™

microbiological methods. Only very rarely, newly developed monitoring techniques are being implemented.
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i o Dproaches Lot ;
o My 1l include checking the effect of cleaning and disinfection of equipment before slaughtering starts as well as the

P of g
g, € bacter; : : . .
o I terial population per cm’ of the surface of carcasses or cuts during processing as has been discussed before.

aund? ‘IQrQb-

it} 10log; : ] : : . :

: f l(’mal y gical methods have, however, the disadvantage that they are time consuming, relatively labour intensive and cannot
¥ i i

iy ”T)% Ygiene can also

ot emep, .
A" ke ent of )
g g ATP by bi

@ T or ie
apf "{‘cch AP ¢ of equipm

be monitored in an alternative way.
oluminescence for example will provide instantaneous information about the efficiency at which a certain

y o ent has been properly cleaned. Although the method is simple and can be automated, at least 10° cells/ml

ik 8lvegn .o

a Ry has : ) POsitiye signal. T
iy cont ] Iy > : A ; .
| g ) Tolled. In addition, the increase of micro-organisms at certain surfaces can be followed.
b

A oy A

he technique can therefore be used in those situations where cleaning of heavily contaminated surfaces

e Useq

- for the determination of microbial contamination of carcasses. The same excision method may be used except that

Uantizay;

Mg a il . - 2 R : . ; st

s ] lion takes place in the impedimeter. Fig 7. presents a typical calibration curve where the initial colony counts of

'v‘”‘ccler s are Plotted
13

&, Cea

(wnse €. onr sl

lechp,
Men “logy May

1

against the impedimetric detection times. The same kind of plot can be generated for total counts of
aughter practices will be detected within one working day.

also be used for trend analysis of raw materials, half-products and end-products. Data obtained by impedance

i : - . .
ansferreq directly to a central computer that can store data over certain periods of time. Software programs are now

C()m
iy Plex treng analy
g tre

Nds ;
g §$ 1In . - : ! " s S . ]
| b Quality between raw material suppliers, production lines or factories and enables monitoring of line hygiene
|

sis after which data can be displayed in graphics which are readily interpreted. This method facilitates

! tho
Vg SONS have o pe

] R detected or identified at this stage of the production line, classical microbiology still is also in many
il gt 3
o hod o choice.

h, mu“0~as However, several test based on DNA-hybridisation technology (Gene-trak systems, Framingham,
t']'lx\ U g e Séys ( Organon-Teknika, Belgium; Bactrace ELISA, Kirkegaard and Perry Laboratories Ltd; Curiale et al 1990;
:]der@d Tathey :vallable. Generally, non-selective and selective pre-enrichment steps are required. Therefore, these techniques can
by 3 ¢ the Methg 2 fina] -1dent|ﬁcauon than as rapid detections. As has been discussed before, for that purpose DNA amplification

O of choice, Rapid methods for the detection of Salmonella and Campylobacter on carcasses have been developed
J o' '*lr}‘\ € bag, :fsg: ten Bosch and van der Plas, manuscripts in preparation). DNA-primers to be used in in vitro amplification
‘ht‘m DigCarC <l A-probes, specific for these micro-organisms. The experimental approach was first to seed swabsamples from
;nﬂ“ﬁ‘f"*flu ang , With as low as 1-10 numbers of Campylobacters or Salmonella’s. Samples were successively analysed by classical

Ay & 1 : .
pal Wo thy R Method, preceded by an alternative pre-enrichment procedure, specifically adapted to the PCR technique. This

'”2:0 hOresisv pr&enrichmems directly followed by the amplification step. The Amplified DNA was detected after separation by
fn‘v““! of ”tl:)\lr er:a] l-ime needed to detect 1-10 Salmonellas or Campylobacters amongst thousands of other micro-organisms was
i ¥ lu’"’lh Irgt ingg this technique needs further refining before it can form the basis for future microbiological quality assurance.
| o ku 1‘ ’ Netjo b ' 10 shorten the pre-treatment by different concentration steps. Immuno-separation appeared a very promising

M‘"“nu ir:d,s Coated with a specific Salmonella antibody can be added to bacterial suspensions (swab samples of carcasses),
;ef"‘: 'k”\y T ; Useq after whic the beads can be separated from the suspension by a magnetic device. The DNA is released and
" ¥ by ‘r(:[y % Matriy for PCR. This approach will shortly allow detection of specific pathogens in slaughterlines within one
3g1;s-" i(,rm [;v Com B
Cgﬂf“" X ENTY o of immunoassays, DNA technology and automated instrumental techniques holds great promises and surely
1i50¥‘: lure Microbiological monitoringsystems in the production of food of animal origin.

ﬂ\
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Fig. 1 Flowdiagram showing the different steps in the production of pig meat (A)
and poultry (B).
A
jof
: Fig. 2 Principles of DNA-probe technique. Microorganisms are applied to a filter,
APF"“ lysed and fixed.
’ Subsequently a labelled DNA-probe is added and allowed to react with their
counter strand if present.
A positive reaction can be visualised.
Fig. 3 Principles of Polymerase Chain Reaction_(PCR).
A Small specific DNA sequences ("primers") are allowed to bind to heat
S denaturated (separate) DNA strands. A heat stable enzyme (DNA-poly-
merase) extends the primers to new complementary strands after which the
: cycle is repeated.
o An amount of DNA, equivalent to an "overnight culture", can be obtained
g within 2 hours.
zﬂv“’ry Fig. 4

When DNA strands with minor differences in DNA sequences (I) are being

treated with a restriction enzyme, different products may be obtained (a, b,

Pl c and d, b, c, e resp.). These products can be separated by gelelectro-
; phoresis (IT) and visualised with a DNA-probe.

Principle of the double antibody blocking Elisa.

A monoclonal antibody directed against a S. enteritidis antigen is bound to
df"‘” a microfiber well (1). S. enteritidis antigen is added (2), allowed to bind
after which serum is added (3). After a short incubation and washing
procedure, a second, enzyme-labelled, monoclonal antibody directed towards
another S. enteritidis epitope is added (4). This antibody cannot bind to the
epitope if the serum contained antibodies against S. enteritidis (positive

serum).
N A positive serum, therefore yields a negative Elisa signal.
Fig 6 : i : : o R .
: Result of a screening for antibodies against S. enteritidis in chicken sera.
For experimental detail see 9. Biosensors.
Fig_ 7 : ! ] : :
Relation between aerobic colony counts and the impedance detection time
o for 75 samples of meat. Poor hygiene can be detected within less than a
0 working day.
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