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no ¢ illing showed significantly lower bacterial counts for the pigs scalded with condensed water vapor. However,

an fter scalding and dehairing.

ificant difference between the two scalding methods was found on samples taken a
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7'zrfb|ologk0| analysis of samples from skin and muscle of the front legs were performed after chilled storage for

when scalding with condensed water vapor
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er : - A . . oo
the skin 1 total bacterial counts on skin were always higher than in the muscle.
n |
Stween the two methods was small.

Th
e
Cost of ] !
"nee |, i scalding with condensed water vapor were found to be hig
Q 2 ’ e
S almost entirely due to differences in investment costs.
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dans les muscles. Les deux procédés donnaient

Q f. CONStat A 2 = ki y
f<“b|e NStatés sur |a peau étaient toujours plus eleves

diffg >
ifférence de contamination bactérienne pour la peau
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HYGIENE UND OKONOMIE BEIM BRUHEN MIT KONDENSIERTEM WASSERDAMPF UND IM KESSEL

CHRISTIAN NICKELS, INGEMAR SVENSSON, ANDERS TERNSTROM und LARS WICKBERG

Schwedisches Fleischforschungsinstitut, Kavlinge, Schweden

. 1e aUfidie
Das Brishen von Schlachtschweinen mit kondensiertem Wasserdampf und im Kessel wurden mit spezieller Hinsicht auf
Hygiene und die Okonomie untersucht.
: . eyl
Hautproben der Schlachtksrper wurden nach dem Enthaaren und bevor dem Kuhlen genommen. In den Proben di€ bev

dem Kuhlen genommen wurden war die Gesamtkeimzahl signifikant niedriger wenn die Schweine mit kondensierte™

Wasserdampf bebriht wurden. Dagegen wurde kein signifikanter Unterschied zwischen den Bruhverfahren
die nach dem Bruhen und Enthaaren genommen wurden festgestellt.

1 e
an den Pro

. ;7 el
Mirobiologische Analysen von Haut- und Muskelproben der Vorderbeine die gekuhlt gelagert wurden wihrend / bis

Tagen, wurden durchgefuhrt. Die Gesamtkeimzahl auf der Haut und in der Muskulatur war niedriger wenn prox's
mit kondensiertem Wasserdampf bebruht wurden. Der Unterschied war von solcher Grossenordnung, dass es fur di€ r%c"icd
interessant sein durfte. Jedoch war die Gesamtkeimzahl immer hsher auf der Haut als in der Muskulatur. Unte
in der Gesamtkeimzahl der Haut zwischen den beiden Verfahren war klein.

|, Def

Die Kosten fur das Brihen mit kondensiertem Wasserdampf waren hsher als die Kosten fur das Bebruhen im Kesse
Unterschied war zum grossten Teil auf die Investierungskosten zurUckzufuhren.
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QTRODUCTION
&vgr
= al
glm@.teaUthors (i.e. 1,2,3,4,5,6,7,) have questioned the hygienic conditions of scalding
- Los T pigs in tank. Enrichment of spore forming bacteria has been demonstrated by

3 a . : e » e st 2

Umicluid nggiz (8) . Ekstam (4) even round e oF Ascaris lumbricoides and Thriciuris

p“meSS 471N scalding water. Ekstam also concluded that scalding water—during the scalding
1s forced not only into the lung§ but also into the vascular system of the animal.

Hor
de \

Scaldinr to improve hygiene in the scalding of slaughter pigs different systems based on
n in a hanging position have been developed (3, 5, o 5 e 05 1

. Qim -
ush@ Coig this work has been to compare the hygiene and economy of scalding in a tunnel
ag ensed water vapor with conventional scalding in a tank.
ER ‘
AL aND METHODS

The 9

dee Drincj t

Sseryp Ciple for scalding with water vapor is demonstrated in fig. 1, and has been
elsewhere (5, 6). The system is also known as the Ekstam system.

org
g?ﬁrr:r Eg make reading of the present work easier the two scalding systems are henceforth
%itan » as system A and system B.
g lryy Spresents the scalding with water vapor in a hanging position followed by
Ystep 2 10 a vertical position.
Yepresents conventional scalding in a tank and dehairing in a horizontal position.

Inmmtiyaﬁout the construction of system A may be obtained from the manufacturer (Meat
1 echnique AB, (MITAB), MALMO, Sweden).

£ tegt s

RE?@dsginihOf system A was per-

ang’ Krist; € slaughterhouse of VERTICAL-SCALDING-SYSTEM
de air?anstad, where scalding

tion hlng in a vertical

rs, as been in use for four

El-motor

As

A g
S r S
Iﬁald' qyitem B a conventional
foiors, " 2nk (8,0 x 1,9 x 1,5 :
@;llowed apacity 180 plgs/h) an
Tﬁairing Y @ single roller
mf Squip Machine has been used.
Késs auoEe”t was installed at Sondensar
1ingeJ terhouse of Skanek, A
Dy
ta
ty On ¢ .
talbery calding times and
wble 1l Ures are shown in Isolated walls
'E\.
ig
Drinci 1 s k
Wit} Ple for scalding
Va 1 condensed water Conveyor
a
Tefﬁrj (Meat Industry Overflow
Majpnidue AB, (MITAB),
mo’ Sweden) i Outlet ,_—_—g -«—— Steam
Water
addrec( e gt

‘2 Andelsslakterier, Box 34, S-244 00 KAVLINGE, Sweden.

nstag . S : = = e e - v
lbtﬂd-Bleklnqe Slakterifdrening, Box 568, S-291 25 KRISTIANSTAD, Sweden.
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Table 1. Scalding times and temperatures for system A and

system B.
Scalding system Time for passage gemp.
s C
A Scalding tunnel 420 60
Dehairing tunnel 80 45
B Scalding tank 330 ' 60
\
* Dehairing 32 25

The steam and water consumption during scalding was measured. The use of electrical P
was calculated by noting the stated effect of each engine. Measurements were taken over
one month period. |

ower ‘

Pigs for microbiological tests were randomly selected during a slaughter period of 4 es ‘
hours. Sampling days were always Tuesdays or Wednesdays. On each experimental day Samplof
were taken from 20 animals. From these animals 10 were chosen randomly for measurements
the bacterial load in a muscle and on the skin after storage. The microbiological
investigations were performed during summer in order to avoid seasonal variations.

jth
Samples for microbiological analyses of the skin were taken by means of a cork borrer W;Z
a diameter of 2 cm (area 3,1 cm“). From each carcass a pair of samples of the skin on t
belly side at the height of the last rib were taken immediately after dehairing and 2
second pair were taken at the end of the slaughterline. The samples were transferred ° he
bottles containing an adequate amount of physiological saline containing 0.1% peptone'efia1
samples were then kept at 0 - +4°C. Before analysing the peptone salt solution for pact
content the bottles were shaken for 30 min. at a temperature of +2°C.,

In order to measure the bacterial load of skin and muscle parts of the carcasses after s
storage front legs of randomly chosen carcasses were cut off. After storage skin sampl®
were collected according to the method described above. Muscle samples of 30 g were
removed from the biceps of the front legs and homogenized in a stomacher.

The peptone salt solution containing skin samples was analysed by means of the standard
plate count method using the following substrates, incubation temperatures and timeS-

Total number of bacteria TGEA (Tryptone-Glucose-Extract-agar) 30%¢ 3 day®
(OXOID CM 127) B 2
Enterococci SB (Slanetz-Bartley-Agar) B7:.C 2 day

(OXID CM 377)

The homogenates of the muscle samples were analysed with respect to the total number Oga
bacteria, enterococci, aerobic and anaerobic spores. The substrate used for spore coutt
Blood-Agar, was composed of Nutrient Agar (OXOID CM3) with the addition of 7 per cent in |
blood from young cattle. Before seeding the homogenate was heated to 80°C for 10 min-

order to inactivate vegetative cells. Plates were incubated at 37 °C for 2 days.

Samples of the water in the scalding tank were drawn every 30 min. Scalding water
analysed by means of the standard plate count method with respect to the total counts
enterococci, aerobic and anaerobic spores as described earlier.

was

¢-test’
Statistical evaluation of the microbiological results was performed by means of t=tEg :
re
eacturiof
Financial calculations on the scalding systems are based on a tender from the maanaiumpH
~ons

of both types of equipment (MITAB) and on measurements of water, steam and power C

In both cases the capacity of the equipment was stated to be 180 pigs/h. As for t B
scalding in tank the calculations are based on equipment of the automatic type, wan’ted
means that the carcasses are automatically immersed into the scalding water, transpor
forward, lifted into and rejected automatically from the dehairing equipment.

11ers?

Two types of equipment for dehairing in a horizontal position with one and two ro
have been considered.
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RESUY
“IS AND DIScussION

iCrO :
biolo ical data
Th

r .
; SSults from the microbiological analyses are presented in tables 2-6.
0t 10 A
ot Oe tables and in the text all bacterial counts are expressed as log. undtsycm S1f
Srwise stated.

e

T y e . .

Qﬂmiimparlson of total bacterial counts found on the skin immediately after scalding and
1ng in systems A and B are shown in table 2.

Tabl

\\\iig; Total number of bacteria on skin immediately after
Scalding and dehairing. All values represent the
ean of 20 samples.

8
Mpling day System A System B
1 4.47 3.72
1 2 3.62 35N
} 3 4512 4.04
| e 3.70 3.67
% alS 4.16 3.67
fean valyue 4.01 3.67
Tﬁi:?ard deviation 0.44 0.37
Munber of samples 100 100
Coyy,

5 :
?ﬁsen . enterococci found on the skin at this stage of the slaughter line are no§
m“ﬂesed in detail as the number of enterococci was less than, or equal to, 2.00 in 99
A fut of 100 irrespective of the scalding and dehairing method.

may .
mMde bg Seen from these data the difference in total counts on the skin between the two

Qf”ﬂngrlsASmall. In spite of being statistically significant (p<0,001) it is probably
Dag Practical importance.
5 Asogaize hygienic standard of the scalding water frgm the tank.ar? ?resented in table
A T used in system A is condensed water vapor it was considered sterile.
Q
\bigél,Microbiological standard of tank scalding water. Counts in lOlog. units/ml.
Samp
pllng day Total Enterococci Aerobic Anaerobic Number of
numbexr sporeformers sporeformers samples
) 2%/66 .00 1505 1210 6
G 328 <1.00 £80 <1.00 3
3
k 4.40 132 127 1.00 4
; 2581 <1.00 <1.00 100 4
hj,l: 3.14 1,00 1Pl B «1.00 4
a
Szamynman e 322 1.06 2 il 1103 21
¥ deviation 0.72
¥ i
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The hygienic standard of the scalding water in the tank may vary considerably as indicated
by the results presented in table 3. Total counts found in this investigation are of the
same magnitude as those published by Snijders (7). Spore counts, however, seem to be
lower than those quoted by other authors (4, 8). The highest values found in this work
are 1.48 for aerobic spores and 1.30 for anaerobic spores.

Data on the microbiological standard of skin at the end of the slaughterlines, i.e.
immediately before chilling of the carcasses, are presented in table 4.

Table 4. Total number of bacteria on skin af the end of
the slaughter line. All values represent the
mean of 20 samples.

Sampling day System A System B

1 3.42 3.53

2 3552 3:58

3 3.06 390

4 3.56 2559

5 330 K1 5
Total mean value 3637 3.66 L
Standard deviation 0.42 0.34

Total number of
samples 100 99

Results in table 4 indicate a small, but statistically significant difference
(p<0,001) between the two slaughterlines with regard to total counts.

A comparison between the results in table 2 (sampling immediately after scalding and
dehairing) and those in table 4 (sampling at the end of the slaughterlines) reveals e
reduction in total counts on the skin. In both cases the reduction is statistically
significant (p <0,001). Furthermore, the total counts on the skin at this stage of
line are lower for pigs treated by system A than for pigs treated by system B.

the

The number of enterococci, however, has increased compared to the samples taken aft?r
scalding and dehairing. Only in 78 samples out of 100 were the number of enterococCl g
the skin less than, or equal to, 2.00 when system A was used. As for system B the
corresponding results were 93 samples with less than, or equal to, 2.00.

he
These observations show that the slaughter equipment after scalding and dehairing and ?
hygienic standard in dressing of the carcasses is of great importance for the pacteri?
load on the skin.

As described in material and methods the front legs of randomly chosen pigs from Gﬂihr7
scalding alternative were stored at different temperatures and relative humidities ’ockﬂ

or 13 days in order to record any differences in the microbiological standard of the ~
after storage. The results from these experiments are presented in table 5.
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Tabl

~—~—L 5. Total number of bacteria on skin from front legs
after storage at different conditions. All values
represent the mean of 10 samples.

tora
9€ conditions Sampling day System A System B
2:5%
ig% B 1 7.51 6.81
k!
3 da
; 8 2 . 6. 72 7.20
Otay
Mean value FEIT 7501
tand
Q g
*d deviation 0.93 1.00
ol Jumber of samples 20 20
7.5QC ________________________________________________
90
~95¢ 3 8.24 8.53
V> Ru
4 7.86 8.59
5 8.28 8.81
Otay
Mean value 8.13 8.64

ta
tfang,
X .
I d deVlation

Tot
al
n o
dhber of samples 30 30

\s

g
:@qniﬁube se
lgnif-

D

Hatis en from the figures in table 5, total counts on the skin are of the same
lCanindePendent of the scalding system. The differences are not statistically
Aty

On )
Otal bacterial counts in muscle samples after storage are presented in table 6.

Dateq
| \igie 6 T i [
‘ S Qﬁal number of bacteria in muscle of front legs after storage at
different conditions. All values represent the mean of 10 samples.

Stg
age \
fonditions Sampling day System A System B
b
3,50
le ¢
" dayg 1 2.98 5.21
Tot 2 3.28 gy
"ty
e
Sty 30 value sl ake 4.96
dndd
rqg
Toy ¢ deviatjon 1.56 1A
Oty
B
< e s samples 20 20
g.?DQ ————————————————————————————————————————————————————————————————
s 3 4.29 5.28
4 2.53 3.91
o 5 4.04 3.86
e
Q 1 an Value 62 4.35
Kang, .
arg dev:» . 2
fot “ation 1.21 1.02
Otay
UMk e N §
Ir o samples 30 30
N .
\\
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The results in table 6 indicate that the microbiological quality of meat may be impX
by scalding with water vapor in a vertical posigion. The difference in total counts 14
biceps brachii after storage for 13 days at 3.5 C is highly significant (pe0,001). Thé
level 8f significance is, however, lower (p< 0,02) when the legs were stored for 7 day®
at 7,95°Cs

oved

In all muscle samples the number of enterococci, aerobic and anaerobic spores were lesS
than 1.00.

FINANCIAL CONSIDERATIONS

; aind
A calculation model is presented in tables 7 and 8. The life time of both types of SCaist
equipment is in this calculation considered as being 10 years. The depression of integtmwt
e

in the calculation is based on an interest of 10% calculated on 50% of the total inV
For both types of equipment the capacity is stated to be 180 pigs/h which means a tota
slaughter capacity of about 300.000 pigs a year.

en
As may be seen from tables 7 and 8 the main part of the difference in total costs petwe
the scalding systems is due to investment costs.

e
When scalding in a hanging position the lungs may be used for human consumption as ther
is no reason to believe that they are contaminated with scalding water. As there iS HQN
realistic price for pig lungs, this source of income has not been taken into account *
the calculations.

Dehairing in a vertical position caused certain damage around the anus. The economlcal

effect of this damage seems to be of minor importance and has therefore not been taken
into account.

Table 7. Investment and installation costs. ‘

System A
Horizontal debleeding table 62.000 Sw. Cr.
Vertical scalding tunnel 525.000
Vertical dehairing equipment 222.500
Belly scraper 23.000
Hind leg scraper 18.300 ‘
Hind leg nail remover 4.500
Installation costs 128,296
Total investment 983 . 5935 5ws "Or.
System B
Alt I Alt Ik
Automatic scalding tank 104.000 Sw. Cr- 104.000 Sw. Cr.
One roller dehairer 62.000 -
Two roller dehairer - 134.000
Gamberling table 5.400 5.400
Installation costs 12.855 12.255

Total investment 184,295 8%Ws LI 261,655 8w, Cx.




Gile D

m
aby
€8 . : .
——38. Costs of running and maintenance.

S\
N v
B tem A,

Sts =
Per 1.000 pigs

" Consumption Price/unit Costs
:\,‘Ectr' :
?@im iCity 304 kWh 0. L1l Sw. Cx. 33.44 Sw.Cr.
2l as 5.7 togys 42.70 243.39
Pare “e{ 54.2 m~ 2.50 135.50
Main, Parts ang
Uﬁenance ana 2
Tot,
e
~UNning costs 634.02 Sw. Cr.

Co
OStq

S p
s Per slaughtered unit:
Kunh.
?%ﬂigg Costs 0.63 Sw. Cr.
“aboy Costs 0.49

i COStS 0.50
To.. + 50

SMtereq unit 1562 Sw.CE .

pigs:

91
R Alt. X0 a1 T Alt. T ALE. 11
142 kWh 0Ll Swar Gt Q.35 Swi Y, - L5, 6208W. Cra
1.3 Ec 42.70 56.36 56 .36
34,7 ms B dD 127 .2% L78.71
60.0 m~ 2.50 88.00 150100
97.24 165.5
37816 566.20
Alt. I ALE. Il
0.38 Swe-Cr. 0457 S G
0,09 0.13
I¢ 0,250 0.50
l ed wnig 0.97 120
2 11
ller i
e -, figures calculated from data given by icturer (MITAB)

microbiological analysis of skin samples show that only

iar

nificant differences in bacterial load occur betw

slaughterline after scalding and dehairing together with dressing
great importance for the microbiological rd of the
the appearance of the carc af

es

storage.

o J analysis of muscle parts from front legs stored chilling
VVVUf dif t periods of time revealed lower bacterial load 1en scalding
SEOY, T ferences found should be of practical interest.

1 n of Ekstam (4) that microorganisms from the scalding
hﬁ”” ding in tank may invade the vascular system and thus contaminate the meat.

Onnection between the scalding method and meat quality should be investigated

ct the conclusi

higher investments, the costs for scalding with water vapor and vertical
system) are higher than the costs for scalding in tank and horizontal
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