Salmonella in meat and poultry
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INTRODUCTION

The Salmonella group of bacteria has long been recognized as being very
important in causing food poisoning in man. Taylor (1964) has recorded that
salmonellosis has been known to be a problem in Great Britain since th°
beginning of the present century. For a considerable time it was the huma!
carrier who received most of the blame, but during World War IT a coll®”
borative study of salmonellae in imported dried egg was carried out in *
number of laboratories in different parts of the United Kingdom, and ser”
types previously unknown there were isolated from the imported dried egb
and from human infection. This drew attention to the effect of imported co™
taminated human food on human salmonellosis. There are many know?
reservoirs and sources of infection. Reservoirs include domestic and wik
animals, including pets such as turtles and chicks; also man, patients aP"
convalescent carriers, especially mild and unrecognized cases. Sources “‘
infection are faeces of animals and infected persons; whole eggs, particulzﬂ'l-\
duck eggs, and egg products (frozen and dried), meat and meat product”
poultry, animal feeds and fertilizers prepared from meat, fish meals ant
bones (Gordon, 1965). The number of serological types that may be involvet
in food poisoning now exceeds 1,000.

Meat was first implicated as a source of human salmonella infection by
Gaertner in 1888. Since then there have been many improvements in the
handling, inspection and hygiene of meat, but even today salmonella infec tio”
is often traced to infected or contaminated meat or meat products. [\(})‘“F
(1964) examined the incidence of salmonellae in abattoirs, butchers’ sh”f
and homeproduced meat, and their relation to human infection in Great Brr
tain. Thirtytwo abattoirs were studied. Salmonellae were isolated f“(ﬂlt
930 (21 %) of 4,496 swabs of abattoir drains, 218 (1.92 %) 01‘ 11,347 1~"llt
specimens, 73 (6.5 %) of 1,117 drain swabs but (ml\ 0.8 9% of 4,127 \uﬂ}l
of meat ¢nd meat products yielded salmonellae. Salmmz(’lla f\/>/1mzm1”
was the serotype most frequently isolated from all sources and it was off€"
shown that the same serotypes or phage-types were occurring in ;leti””
and in human cases in an area at the same time. Many other workers haV"

— 216 —




dr

AWn attention to the role of meat or meat products in food infections due
tf) Salmonellae e.g. Burns, Mair and Hooper (1965) reported an outbreak of
brandmbwg infection caused by infected pork products; Dixon and Peacock
(_1;()65) €xamined 898 samples of imported Dutch chilled meat and offal, and
,7)/ (7.5 %) yielded salmonellae. Van Schothorst and Kampelmacher (1967)
so found a high percentage of salmonella contaminated samples from im-
Porteq meat from South America.

)OUItry meat and poultry products have long been recognized as sources

Salmonella infection in men. Morris and Ayres (1960) recorded an inci-
fence of up to 9 9% of Salmonella in samples obtained in turkey processing
"Perations and up to 14 9, of samples obtained in a chicken processing plant.
(,-IX()“ and Pooley (1961) isolated salmonellae from 75 (13.8 %) of 544 spe-
“Mens ¢ a factory processing broiler chickens; 9.9 9%, of the eviscerated

Car : G w
(F(,Icasﬁ’«* and edible viscera harboured salmonellae. Bryan, Ayres and Kraft
\ ‘()6) €Xamined the contributory sources of salmonellae in turkey products.

! h(l\ found that dissemination of salmonellae starts on the farm, the bacteria
Prought to the plant by incoming turkeys and transferred to equipment

a g 3 ~ R
\nd turkey meat during processing. Recently Tucker and Gordon (1968)
2 'Veyed nine poultry packing and one turkey packing station and found

I.de fQur of 17.000 samples yielded 5;11mon011ao. They Z(—lt\tl‘ihllt({d \tl\wv T11.:11‘1<(1‘F1
: in'q.l()n from that recorded by Dixon and Pooley (.I.N)I) to success l.n-c i-
in tdtlng salmonellosis from the pflrent flocks,‘ an(.l a high standard (3f h}:qu.-nc
}]()\\‘:C Processing plant preventing cont_ammatlon of carcases. ljh.c_\ 1‘cl.t
... 'er that the situation in duck packing plants required further investi-
;{dt]()n.
,\me this limited review it is clear that there is a Salmonella problem
('.;f(;?iat(*d with meat and poultry and their })I‘Odlllct,?‘n. The e§te*11t of th.is 1\
i CUlt to assess without adequate data on the incidence of the organisms
0. ¢ Various foods, how contamination has occurred, and from what source.
dee Possible source of infection in the live a'n.imulvis the focdingstuff being
Mot Many workers have suggested this possibility (Newell, )IC(?IZU‘AIH, .\[urfloch,
(15)\401.1&1(1 and Hutchinson, 1959); review ~0f Pomeroy, 51(,.1(11(1u'1 and (11‘.;1(1}'
Stufge Ij(’D()rt (19(35).7 Szll.m()ncllae have often (b‘cpcn fo%n.lxd 1’11-?1‘111}1m} lft‘exdmx{:—
("Url;' \eport 1961, ])zlwkmf and Robertson 1967) particularly those protein
feq uents derived from animals, such as meat and bone meal, blood meal,
of ; et
a :n ction can be reduced (Report, 1965), Timoney (1968). The animal as

Soure 3 . g il =
irce of salmonellae both in the packing plant and rendering plant has
&

Mmeal, fish-meal. Methods have been suggested whereby such risk

l\)lf
'dﬁ‘nmnstmted by numerous workers.
Do, (0 the extent of the problem has been determined, it is sometimes
Ssit ) ) : F
Ibla + : ] ) PR 5 ; e Qe
\\"itl € to devise measures to control or prevent it becoming mou. .xuunh:
! this in mind work has been carried out to determine the incidence of
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Salmonella in (a) Poultry and poultry products viz. processed broilers and
uneviscerated poultry, effluents from poultry packing plants, cooling water®
processed turkeys and ducks and cooked chicken-meat; (b) Meat and meé at
products; (c) Animal feedingstuffs.

There is a need to have more rapid methods to determine the presenc®
of salmonellae in food for humans and animal feedingstuffs. Experienc
in the use of the Fluorescent Antibody (F.A.) microscopy technique whicP
promises to give useful results is discussed briefly.

EXPERIMENTAL METHODS

Salmonellae in processed broilers and on New York dressed poullry

Two surveys were made, the first in 1961 and the second in 1966. The
first was confined to one large processing plant producing eviscerated froleﬂ‘
carcases. Many poultry reach the consumer also as uneviscerated (Ne¥
York dressed), or as chilled eviscerated carcases. In addition some of the
larger plants had begun the practice of in-plant chlorination since 1961
which might have reduced the number of salmonellae present. For the s¢’
cond survey therefore, four plants were included, ranging from the Jarg’
plant of the first survey to a small plant producing only uneviscerated cal
cases. The experimental procedures have been described by Stewart (l"“‘}
and Patterson (1967). Samples were taken from the eviscerated bwllt‘\
as they passed along the processing line on overhead shackles and from £he ’
uneviscerated as they hung on racks before entering the cooling rooms, b}
means of a sterile wooden applicator 15 cm long with a 4 cm cotton g‘ﬂ“ﬂ
tip. This was rubbed over the cloacal area and in the case of the evisceraté
birds, also over the lower part of the body cavity. In the laboratory "1Ch,
swab was broken into 8 ml of 0.1 % peptone water (Oxoid), incubated fot
3 hr, then 5 ml added to 5 ml doublc strength selenite F broth (Oxoid) co
taining 2.0 mg cystine per 100 ml of broth. After 20—24 hr these 1)101'
cultures were streaked on to desoxycholate citrate agar (Oxoid) Contailliﬂf
l 9, of sucrose, and the plates incubated for 18—24 hr chy

an additional 1 9,
atet

examined for typical suspect salmonella colonies. This procedure was repe |
from selenite broth after 48 and 72 hr incubation (at 37° in all cases). Susp®
colonies were picked off into a multiple sugar medium (Stewart, 1962), U“U
bated overnight and those isolates giving the typical salmonella 1uut1(m \\LI
tested with »Wellcome» Salmonella agglutinating sera. The results of f the*
investigations are given in Table 1.




Table 1. Salmonellae in broilers, turkeys and ducks

“\“, "»’{ No. uA/'
[Vi::]i‘/ €S Processing Sampling Type of No. Sevotypes o/
ek Plant Days Carcase Positive Present Positive
i A 15 Eviscerated, 3 S. typhimurium 0.4
broiler var. copenhagen
! S.livingstone
i A B G 23 Eviscerated, - - -
o broiler
T C, D 15 New York dressed
broiler and hen — o
& E 5 Eviscerated turkey - — —-
o B 18 Eviscerated duck 39 S. typhimurium 9.0

Data obtained in 1961 (Stewart, 1965).
Data obtained in 1966 (Patterson, 1967), effluent data in Table 2.
* More

complete data in Table 5.

Salmonellae in ducks and turkeys
f A similar swab technique was adopted, the ducks being swabbed after
LT T : ; e 5 d
¥ flad received the final wash, but before going into the spin-chiller; some

e
“AlCa s < ; ; . a4n1s . 4

aft 4SS were examined after spin-chilling. The turkeys were examined
afte,

o €Visceration, or after overnight chilling in tanks of water with added
L -

' The gauze swabs were transported to the laboratory, 10 ml of selenite
Y I\”“-‘ (with mannitol substituted for lactose) added and incubated at

) | ( - s ; ! "
Nite 1o After 24 and 48 hr incubation subcultures were made from the sele-
(](,[.l enrichment broth on to the modified Wilson & Blair medium of McCoy

\ ‘)) e - - ~ r ¢ 2 v J
bi 1‘ - The plates were incubated at 37° C for 24 hr and examined for ty-

| . S%monella colonies. Results of these investigations are given in Tables

Salmonellac in poultry plant effluents and in cooling waters
' see if large numbers of salmonellae were being shed into the cooling

\

Vater 1
C1 STopw . . L o q o y

i Deing used to cool the carcases, swabs were on some occasions placed

]]1 t]
1@ A4 > . ” S . g
ang = Outlets of the spin-chillers in the broiler and duck processing plants,
n +1 : e
SWay I the outlet of the tank used to cool the turkev carcases. In addition
abg R . . 5 . .
(anq Were also placed in the outlet sewer of two of the plants while broilers
ang

M one plant ducks) were being processed. The method adopted (McCoy,

1'(‘1\

D, ¢ b\ . . - 58 v
Op 4 OMm.) was to suspend a sanitary towel in the outlet sewer for 3 days,
Rer - Outlet of the spin-chiller or tank for a shorter period (generally no lon-

tha :

‘an 1 hr). Afterwards the swab was placed in a plastic bag, the corner
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cut from this and the absorbed fluid squeezed out and collected in a sterilé

container containing sodium thiosulphate pentahydrate to neutralize res”
dual chlorine. The expressed fluid was examined for the presence of salm?
nellae by pipetting 10 % 1 ml, and 10 x 1/10 ml volumes into 10 ml selenit®
F broth, which were then incubated at 37° C for 48 hr. Subcultures wer®
made on to selective media after 24 and 48 hr; to avoid overgrowth by larg®

numbers of other Gram-negative bacteria on some occasions fresh selenit

F broths were inoculated from the original broths after 24 hr incubatio™
Results obtained are given in Tables 2, 3, and 4.

Table 2. Salmonellae in poultry processing plant sewer swabs Swabs in place 3 days

Processing No. of swabs No. o
Plant Examined Positive Positive Serotypes isolated
A 6 4 67 dublin 1; pullorum 1;
typhimurium = 2a, 1; = 4, 1;
=-mntl
B* 6 + 67 typhimurium = 2a, 1; = 4, 2;
="tmnt., 1

* Ducks were processed on one day weekly

Table 3.

Salmonellae in cooling waley, hens and turkeys

Processing

No. of swabs

No.

0/
‘0

Plant Examined Positive Positive M.P.N.[100 ml  Swabs in pla*
A, hens 5 = = =i 1—6 hours
E, turkeys 1 — — =1 while tank

drained

Table 4. Salmonellae in cooling

water, ducks. Plant B

Processing No. of swabs No. w5
Plant Examined Positive Positive Serotypes isolated
B 2Z 9 41 typhimurium = 2a, 2; = 23,
4; = unt., 2
Salmonellae M.P.N./100ml. 10—5 samples; 23 —1 sample; 1200 — 1 sample;

2300 — 1 sample;
>2300 — 1 sample.
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Table 5. Salmonellae isolations from duck carcases

Carcases Examined No. Examined No. Positive 9% Positive

Before chilling ............. 304 23 7.6
Afters chilling &, .2t 140 16 11.4

Salmonellae in meat and meat products, and animal feedingstuffs

o The method used is that suggested by McCoy (pers. comm.). Four 25 g
mp . 9 o

% Ples from the material under examination were transferred into 150 ml
1

. Ntities of selenite F broth (with mannitol substituted for lactose). In
dI]\ c

t(l
e s > , : -
g le quarter-strength Ringer’s solution, or sterile water can be used instead

\(ll““m‘. After incubation for 24 and 48 hr at 37° C, plates of modified
[:(:‘(’“ and Blair nl&‘(lil?lﬂ were S'[l'(“zt]\'Cd‘fl‘Olﬂ these em"iohmcnt cultures.
37c Plates were examined for typical Salmonella colonies after 24 hr at

:, and these were picked off on to slopes of Hartley’s digest agar for
]«()I;U]i’drl)i(xh(mu'dl tests and serology. _It 1‘)0>1t1w 10511.1t5 are ()btzun(.‘d
. 'Ie or more jars then a further examination was carried out to obtain

probable number of salmonellae present (10 X 10 g and 10 x 1 g
dl]tnl(, s).

ases, where other contaminants are not present in large numbers,

Most
Qug i ' et . .
“1 The results of such examinations on samples of various meat
ang

e

i at products are given in Table 6, and of those from animal feeding-
ty
S 1

1 Table 7

RESULTSCAND: DISCUSSION

b ‘]hQ results shown in Table 1 indicate a low incidence of Salmonella in-
)| er

]n I chicks in 1961, and an even lower incidence in 1966. Although no
10

Nellae were found on 803 carcases in four processing plants in 1966, it

by, ”I]:’\\lhl(‘ to obtain isolations from the drains of two pLu?t\ mainly S.
1(](1(11!7111111 when swabs were left for several days (Table 2). This low
11\\2 NI(L:

(.d The presence of even one infected bird is of course undesirable since
1()\7 (\”lt (I.E'Ni‘;’y) fhm\'vd by means of a marker organism (Serratia marcescens)
of 1 2¢h infection can be quickly spread to many other carcases and parts

le ; ! LS : -
ab P lant by the normal handling operations. This is particularly undesir-

agrees with the findings of Tucker & Gordon (1968) already dis-

Strigg further processing is being carried out elsewhere in the plant, and

Ng]]. Precautions to prevent cross-contamination are necessary. No salmo-

ae :
tug, Were found in spin-chiller or giblet washing water of plant A, nor in

Key % . e . ~
l&\ o in plant E, either on the carcases or in the cooling water (Tables




Table 6.

Salmonellae in vavious meat and poultry products

No. of No. of
samples No. of samples Salmonellae Phage
Product tested  producers positive M.P.N.[100 g [dentification Ty pe
3eef sausages ....... 19 3 0 — — —-
Pork » Heniv e 38 5 2 161 S. typhimurium 1'1\1}’;‘?1“1"
5 ) 23
Steakburgers,
hamburgers, etc. 68 -+ 0 — -
IFrozen boneless beef 125 3 1 5 S. dublin —
» »  pork 14 1 0 — — -
Vac. packaged meat 20 1 0 - — =
Semi-cooked or
cooked products 98 6 0 - ~ ~
Bacon and bacon
JOURER & s feseseresos 18 2 0 — —
Spices, butter .. ...... 2 1 0 — - —
Cooked, vacuum
packaged chicken 49 1
Cooked, boned-out
poultry meat ...... 29 3 3 4 S. typhimurium 23
16 ) 23
i » 23
Totdlyaed Lo rrse 480 9 6 - -— —/

The position with regard to duck processing is however much mor€ 5¢
rious since 39 out of 44
nated with S. typhimurium (Table 5), though some of these could
cross-contaminated in the spin-chiller.
of 18 visits made to plant B, when ducks were being processed.
of the salmonellae has not yet been established but indications are that
giene in the hatchery, bree ding and rearing methods are all of importé an
in the spread of infection. Once infected carcases reac h the plant it is ¢
effective control measures.
since Dixon & Pooley (1961) found that treatment of carcases with
of chlorine for 10 min. usually prevented the subsequent recovery of
1,000 organisms had been inoculated into the carcases.
results have also been claimed by Nilsson and Regner (1963) using
The data in Table 5 show that salmonellae ¥

] » all
) and from 16 °
(%

cult to have

nellae when

in the c
isolated from

140 (11.4

23 out of 3(
o/) after chilling, suggesting that the spin-chilling me thod ¥

4 carcases examined (9 9,) were found to be contt 1”

hill tanks for 60 min.
04 carcases before chilling (7.6 9%,

Salmonellae were found on
The

1ave pee”
I” 011

In-plant chlorination is some

0/

may have transferred salmonellae from infected to non infected «

~arca®

;0

1
20 P!

S( i
h"’

111

helf’
200 P’ g
>;11’1‘1(.

ot



Table 7. Salmonellae in animal feedingstuffs

No. of No. Salmonellae Serotype Phage
l"f’t‘(/iug.\/u_/_/’ Samples positive M.P.N.[100g. isolated Type
]:]i:]” Meals of animal orgin
eals 24 = =% L 2
‘At ang bone 112 8 2 evmsbuttel
1 infantis -
015,07 stormont =
0.5 senftenberg
2 typhimurium 23
0.5 raus —
2 brancaster -
131:&:()““( al 5 1 5 heidelberg 8
Min, Weal ol . 22 1 1 give, senftenberg —
* Powder 73 2
;)“:’!lb/( Protein meals ......... 10 - — -
als “
nmm/ fa t ........................ 17 i f
u[)wma’ meals
Due k, » Poultry, pig, dairy
) Sl 16 =
J:]]::-\ Mmeal, dairy meal 29 -
Salope) Ul b it 35 3 + typhimurium la
0.5 raus —
‘J‘”m]\ 0.5 infantis
O, A S 337 13 — 9 —
Oup

\\'i Wn laboratory experiments using duck skin artificially contaminated

rde Salmonellae have shown that even quite high levels of chlorine (of the

T , : . : :

;“) of 200 p/m) though reducing numbers considerably do not free the skin
. Salmonellae completely.

(By )l:((mud( nce of salmonellae found in various meat and poultry products
heg ) was not high, only 6 out of 480 samples from 9 processors having
/\j) an”gzmim].\' present, generally in small numbers. Two isolations of S.

Mrum were made from pork sausages, one isolation (S. dublin) from
(A(T)L)I()Lllclwss beef, and three (S. typhimurium) from cooked poultry meat.

[0z

ng; of the infection was not established for any of these isolations;
lt](‘n\ h

‘“r owever at the poultry-processing plant were not good and cross-
: t“mln
e

ation from infected raw carcases was possible. Stricter hygienic

lut
the . 'ODS taken since these isolations were made appear to have reduced
EXtent of

H,] )1(‘- 7

S,

this particular infection.
gives the results of examinations of 332 samples of animal feed-
No salmonellae were found in fishmeals (imported from South

A




Africa, Peru, Norway and Iceland), vegetable protein meals or cereals. HOW
ever of 112 samples of meat and bone meal 8 (7 %,) were found to contai?
different salmonella serotypes, generally in small numbers. Of these “\;
stormont has recently been found in pigs in Ireland. One sample o 1mpol'(U
feather meal and one of locally produced blood-meal also gave positive 150"
lations. Of some significance too is the fact that of 35 samples of pig compOu]“‘
meal examined 3 (9 9%) had salmonellae present though no isolations \\'C“’
made from any of the other compound meals. This shows one possible sour®
of infection in the animal, with the subsequent possibility of contaminat®’
meat or meat product. From the epidemiological point of view, many .
the recent isolations of S.typhimurium have been of phage-type 23 (fl'“111
ducks, poultry meat, pork sausages, meat and bone meal). This suggest® X
chain of infection which should be broken. One way is to eliminate umfdm
nation in the feedingstuff by a suitable extraction process and careful attentio”
to hygiene in the rendering plants particularly the percolator area (lmwll‘\
1968), and by reduction of cross-contamination in the feed-mills by petté
dust control, use of disposable sacks and better machine cleaning (Daw it?
and Robertson, 1967). If all raw materials were sterilized by heat or irradi®
tion then the salmonella risk from this source could be eliminated. Pcllt‘“ﬂ”
of compound feeds greatly reduces the risk, but adds cost to the pu)d“‘

Salmonellae are never easy to isolate, and many different methods 1“\_
been used by different workers. Each type of material being examined ma!
require a different type of approach (Hobbs, 1962) and methods are diffict
to standardise and are always slow and tedious. Attempts have been 111."“:
(Galton, Morris and Martin, 1968) to recommend procedures, but there 15
great need for a method which would permit rapid screening of a large 1 11”]1
ber of samples. A method holding great promise is the Fluorescent %ntlb"
technique. Haglund ef al (1964) described the technique for use in dettt'”1
salmonellae in egg products; and Georgala and Boothroyd (1964, 196 5)
use with meat and meat products. Our experience has been that when co?” J
mercially available sera are used, both the polyvalent and the conjt ugat®
sera have to be absorbed with a number of cross-reacting organisms. wor®
is continuing to determine the sensitivity and specificity of this indirect F. y
technique using absorbed sera in parallel with conventional plating a?
slide agglutination techniques.
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