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S^grflä c h e n d e k o n ta m in a t io n  -  e in e  neue V e ra rb e itu n q s e ln h e it  f ü r  d ie  bessere  H ygiene a u f dem 
-¿S ilk ö rp e r f  l e i s  ch

ALeX G. GRAHAM, IAN 3 .  EUSTACE, VICTOR H. POWELL

p at  Research L a b o ra to ry ,  D iv is io n  o f Food R esearch , CSIRO,
•0. Box 12, Cannon H i l l ,  B r is b a n e , Q ueensland , 4170, A u s t r a l ie n

?b|“o h l man s ic h  während de r V e ra rb e itu n g  seh r v o r s ic h t ig  ben im m t, s in d  T ie rk ö rp e ro b e r f lä c h e n  
■ t'°tzdem  immer m it B a k te r ie n  v e r u n r e in ig t .  O b g le ic h  d ie  m e is te n  Organism en u n s c h ä d lic h  s in d ,  

d ie m ik ro b io lo g is c h e  S it u a t io n  de r T ie r k ö rp e r  w ic h t ig  f ü r  je d e  F le is c h in d u s t r ie ,  d ie  vom 
^ s fu h rh a n d e l abhäng ig  i s t ,  wo m ik ro b io lo g is c h e  S p e z if ik a t io n e n  in  den F orderungen  de r Käu- 
®r e inbezogen  werden können.

biese A r b e i t  d i s k u t i e r t  d ie  W irk s a m k e it von heißem Wasser f ü r  d ie  V e rn ic h tu n g  der B a k te r ie n  
aüF den T ie r k ö rp e ro b e r f lä c h e n .  Es b e s c h re ib t  d ie  Versuche im Labor und V e rsu ch sa n la g e n , d ie  
A?"1 Bau e in e r  se rie n m ä ß ig e n  D e k o n ta m in a tio n s a n la g e  a u f der S c h a fs c h la c h t l in ie  des 2 ,500  
berk ö rp e r  t ä g l i c h  v e ra rb e ite n d e n  S c h la c h th o fe s  f ü h r t e .  D ie  A n lage b e s te h t aus e in e r  H e iß - 

'“aSger (9Q °c) S p r itz z o n e  und Vorkammern m it zw ei Reihen der D o p p e ltü re n  an jedem Ende. D ie

Stellt.
¡H6 a u f der s tü n d l ic h e n  P ro d u k tio n  von 420 T ie rk ö rp e rn  b a s ie r te  ökonom ische V e rw ertung  der 
l h h e it w ird  b e s c h r ie b e n .

iSjttisation - A new processing unit for improved hygiene on carcass meat

G. GRAHAM, IAN J. EUSTACE and VICTOR H. POWELL
Me,'*t Research Laboratory, Division of Food Research, CSIRO,

Box 12, Cannon Hill, Brisbane, Queensland, 4170, Australia.

.'^ough great care is taken during processing, carcass surfaces are always contaminated with bacteria, 
though most of these organisms are harmless, the bacteriological condition of carcasses is important

meat industry which depends on export markets, where microbiological specifications may form
the buyers standards.

*h: Paper will discuss the effectiveness of hot water for the destruction of bacteria on carcass surfaces. 
t>4 f U  describe the laboratory trials and prototype cabinets which led t° the ̂ development^ ̂ i n - l i n e
tVteurisation cabinet on sheep slaughter floor of an abattoir processing 2,500 carcasses per day. 
tw >̂asteurisation^cabinet''consisted of a hot water (90°C) spray zone and had ante chambers each end with 
th! Sets of double doors. The average logio decrease recorded in the number of inoculated E. e o U  on 
Oh \ ? Uter surface of the carcass was 3.39. The average decrease in the normal coliform contamination
«o. carcass was log10 2.5. Although the treatment discoloured the carcass, the colour of the fat.

lctive tissue and muscle soon regenerated completely 

6c°homic appraisal of the unit, based on a throughput of 420 carcasses per hour. will also be described.



B 8:2

Pasteurisation - une Unité Nouvelle de Traitement pour L'Hygiène Améliorée sur la Viande de Carcasse 

ALEX GRAHAM, IAN J. EUSTACE, AND VICTOR H. POWELL

Laboratoire de Reserches en Viande, Division de Recherches en Vivres, L'Organisation de Recherches 
Scientifiques et Industrielles du Commonwealth D'Australie, boite de poste 12, Cannon Hill,
Brisbane, Queensland, 4170, Australie.

Quoigue un soin extrême soit pris pendant le traitement, les surfaces de carcasse sont toujours 
contaminées par des bactéries. Quand même la plupant de ces organismes seraientinoffensifs, 
l'état microbiologique des carcasses est important pour toute industrie de viande qui est 
tributaire de marches d'exportation, ou les spécifications microbiologiques peuvent faire partie 
des exigences des acheteurs.

Cet article discute l'efficueste de l'eau chaude pour la destruction des bactéries sue les surfaces 
de carcasse. Il décrit les essais de laboratoire et les cabinets prototypiques qui ont mené 
au développement d'un cabinet de pasteurisation en série sur un dallage pour l'abattage des montons 
d'un abattoir produissant 2,500 carcasses par jour. Le cabinet de pasteurisation s'est composé d'une 
zone d'arrosage de l'eau chade (90 C) et a eu les antichambres aven deux jeux de doubles portes à 
chagne bout. L'abaissement moyen de log enregistré dans le nombre de E. o o li inoculés sur 
la surface exteriure de la carcasse a ete 3.39. L'abaissement moyen de la contamination coliforme 
normale sur la carcasse a été log.. 2.5. Quoique le traitement décolorât la carcasse, la couleur 
de la graisse, du tissu conjonctif et du muscle a été bientôt rétablie complètement.
Une appréciation économique de l'unité, basée sur le rendement de 420 carcasses par jour, sera aussi 
donnée.

IIacTepn3aimfl —  HoBaa 06pa6oTQqHaH ycTaHOBica aah yjiygmeHHH rnrneHbi napHoro MHca. 

A.r. TPAXAM, H.Ä. iOCTAC h B.T. IlAyOJIJI
ABCTpajiHHcKaa opraHH3apnH HayuHoro h npOMbimjieHHoro HccmeAOBaHHH (C .S . I .R .0 . ) »  

muneHccJienoBaTejibCKH» OTuex, uaSopaTopua no HccxeAOBaHH® Maca, BpacSeH, ABCTparaa.

HecMOTpa Ha ou©Hb TmaTeJibHyro oÖpaÖOTKy, noBepxHOCTb Tyni Bcer.ua 3arpa3HeHa 

ÖHKTGpHHMH. XOTH ÖOJIbfflHHCTBO 3THX OpTaHH3MOB 6e3BpeAHO, ÖaKTepHOJIOrHUeCKOe 

COCTOHHHe Tym Ba*HO KaXHOMy MHCOKOMÖHHaTy KOTOpblft 3aBHCHT OT SKCnOpTHOft TOprOBHH, 

r^e MHKpo6nojiorngecKHe cnepHtJoncapHH MoryT BXOAHTb b hopmu nojcynaTexH.

B HacTOflmeft paöoTe oöcyxcnaeTCH 3<M>eKTHBH0CTb ropauefi boah a j i h  yHnuTOsceHna 

SaKTepaS Ha noBepxHOCTax Tym h onncbiBaioTCH aaöopaTopHbie onuTH h npoTOTHnu micaipOB, 

KOTopbie npHBejiH K pa3BHTHio nncatpa AAa noTOHHoii nacTepH3apHH b oBpeySoftHOM pexe 

Ha öoftHe nepepaÖaTbiBaiomeft 2500 Tym b neHb • illKatp kjih nacTepn3apHH coctoht H3 30Hbi 

aah onpbicKHBaHHa ropaveft boaoH /90o/ h Ha KajKAOM KOHpe HMeeT npenicaMepbi c AByMa 

pHflaMH ABOÖHbix ÄBepeö. CpexHee noHH*eHne l o g ^q OTMeueHHoe b uncjie S .c o l i  

npHBHTHx Ha BHemHeK nOBepxHOCTH Tym, paBHHJiocb 3,39. CpeflHee noHHKeHne npa 

HOpMajIbHOM KOAHCpOpMHOM 3arpH3HeHHH Ha Tyme ÖbiJIO paBHOlOg10 2 ,5 . XOTH OÖpaÖOTKa 

H3MeHHjia oxpacKy Tym —  UBeT rapa, coeuHHHTeJibHoft TKaHH h Mbimpbi SbicTpo B03BpanaJica 
K HOpMajIbHOMy •

OnHCbiBaeTCH Taxie sKOHOMHvecKaa opeHKa ycTaHOBKH ocHOBaHHoö Ha npoH3boamtöjihhocth 
420 Tym b uac.
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l££face_ Decontamination - A New Processing Unit for Improved Hygiene on Carcass Meat
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iîÏÏRODUcTION
*lth.
kUl;
th,

ough every precaution is taken, some bacterial contamination of carcasses processed on a commercial
ing line is inevitable. In an effort to reduce the levels of contamination on carcass meats, particularly

L°se destined for international trade, regulatory bodies have demanded changes both in procedures and 
^stablishment structural standards. Whilst there has been definite improvement in visual hygiene standards thi
«lie:Le limited evidence available indicates that there has not been a corresponding improvement in the tobiological status of meat.

^at visual standards cannot be equated with microbiological standards is supported by a recent paper (Ingram 
Roberts, 1976) where carcasses were sampled from six U.K. abattoirs. The visual hygiene of these abattoirs 

*ahged from excellent to poor. The mean total bacterial counts on meat from two excellent plants were logic 
and 3.91, and from two poor plants, logio 4.70 and 4.52. The authors concluded that, "changes in 

6Ptyhter methods and in hygienic practice are, in fact, doing tittle to improve the bacteriological condition 
i Qarcasses."
Of
On«the total number of microorganisms on a carcass, only a small proportion is of public health significance. °f the organisms which may be present is Salmonella, which is a major concern of meat processors.

Ve£al methods to reduce the level of carcass contamination have been proposed. These include the use of
r^ter sprays at various pressures (Patterson [ 1972], Kotula [ 1974]) and temperatures (Patterson [ 1970], Bailey 
^2])f and the use of water sprays with high concentrations of chlorine (Emswiler, et at, 1976).

Investigations on small meat samples inoculated with E. coli indicated that a significant reduction in the 
umber of organisms on the surface could be achieved by exposure to water heated to above 70°C (Smith & 
aham, in press).

i’ll ̂*^her time/temperature studies using carcasses demonstrated that the greatest number of organisms was 
^ stroyed without permanently impairing the appearance of the treated carcasses when water at 80°C was applied 
 ̂* 10 seconds. Immersion of sheep carcasses in hot water vats was then compared with a hot water spray 
e^tment. The immersion method was found to be the more reliable, giving good reductions in numbers of

5 -
s*t.

aminating coliform bacteria, both for external carcass surfaces and within the body cavity. Reductions in 
°rder of 99% were obtained. The performance of a prototype open ventilated spray cabinet was much less

^  isfactory, the average reduction in the number of organisms being approximately 90%. The poor performance 
Co fUe to a raPi-d cooling of the hot water after it left the spray nozzles. The spray, however, was 
ŝ Sldered to be simpler to incorporate into present dressing procedures and attempts were made to improve the 

cabinet design so that the cooling of water between spray and carcass is minimised.
A

ull-enclosed spray cabinet for the treatment of sheep carcasses was therefore constructed and evaluated. 

'•^Sjj-T DESIGN

p^ails of the cabinet for treating smallstock carcasses are given in Figure 1. The design refers to our 
 ̂ ot cabinet, and while this is fully capable of operating on a commercial dressing line, a permanently 
Called facility would probably incorporate minor modifications.

the .g sPray zone is isolated from ambient conditions by the use of small ante-chambers at the entrance and exit. 
" ante-chamber is provided with two sets of double doors and the length of the ante-chamber is such that at 
time are both sets of doors fully open simultaneously.

»he v(s water spray pattern is arranged to cover the entire outer surface of the carcass. A total of 32 jets 
sid ^sterns Inc. Type U2520 vee jets*) are mounted on eight water distribution pipes, arranged along both 

es °f the cabinet.
A

draws 4.5 8,/sec of hot water from the tank and delivers it at a pressure of 200 kPA to the distribution 
t4n^ers feeding the spray nozzles. The hot water, after passing through the spray nozzles, is returned to the

4̂  lve mechanism, independent of the main slaughtering chain, is required for the cabinet. This ensures that 
°arcasses are cleared from the cabinet and the spray time is constant for all carcasses.

Election of jets specified resulted from a 
tature drop with distance from the nozzle.

study of spray patterns in relation to coverage and
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CABINET EVALUATION

Laboratory Trial

Procedure
cteàSheep carcasses were transported to the treatment area immediately after they were dressed and six selec ^  

sites (rectal area, midback, brisket, neck and two sites inside the body cavity, i.e. anterior belly fla^aS 
in the kidney region) were liberally swabbed with an overnight broth culture of E. coli. The swabbed at 
were allowed to dry for 20-30 minutes prior to sampling and spray treatment.

Thermocouples were inserted into the tank water, and just beneath the surface of the carcass at two s tt  
inside leg and midback. Temperatures were continuously recorded during the spray treatment, and each ° ^
inoculated sites was sampled before and after treatment. Surface tissue samples of area 10 cm were exci 
and placed in sterile polyethylene bags. Ninety-nine ml of sterile 0.1% peptone water was added to eac.ate 
sample, and the samples were then treated for one minute, with a Colworth Stomacher Model 400. Approptf 
dilutions were pour-plated with Violet Red Bile Agar (Oxoid), and plates were incubated at 37 C for 24 
so that counts of coliform bacteria could be obtained.

Results and Discussion at
Five sheep carcasses, previously inoculated with E. coli, were each passed through the cabinet (tank wa ^  
90°C, spray time 10 seconds). Surface temperatures of 80°C or slightly greater were consistently achiev ̂  

when the tank water temperature was approximately 90°C (Fig.2). The average logic decrease in the number 
E. coli on the outside of the carcasses was 3.4, while the decrease within the body cavity was 1.3, ^' e ' &  ot 
equivalent to a total reduction in the bacterial population of between 93% and 99%. The decrease achie 
outer carcass surfaces was similar to that obtained by immersion in hot water (Smith & Graham, in press

Industry Trial

The cabinet was installed in < 
were undertaken to determine:

commercial abattoir at the end of a mutton dressing chain, and investiga
,oi>5

(i) The effectiveness of the totally-enclosed system for the removal of 
naturally occurring bacterial contamination, and

(ii) The effect of treatment upon carcass weight loss.
Procedure

Twenty—four dressed sheep carcasses were selected at random during normal sheep processing and assign® . ^  
of two groups of 12. One group was designated to be treated with hot water and the other group was re 
as a control group for the weight loss studies. All carcasses were weighed before and after the hot .caj 
treatment. Six carcasses from the treated group were sampled before and after treatment for microbio 
analysis. These carcasses were treated in the spray cabinet (tank water at 90±1 C for 10 seconds) .
carcasses were then transferred to a chiller at 0-4°C and reweighed approximately 24 hours after treatm

The samples for microbiological analysis were obtained by excising 50 cm2 of surface tissue from each 0 
selected sites (rectal area of rump, and brisket). Each sample was placed in a sterile polyethylene 
Ninety ml of 0.1% peptone water was added and the sample was treated for one minute with the Colworth 
Stomacher. Appropriate dilutions were spread plated on tryptone-soya peptone-yeast extract-glucose a9 
incubated at 25°C for three days to give a total aerobic plate count. Appropriate dilutions were also 
plated with Violet Red Bile Agar (Oxoid) and incubated at 37°C for 24 hours to obtain a coliform count-

ar>°
Alt'

Results and Discussion

Reductions in numbers of bacteria are given in Tables 1 and 2. Mean reductions of logio 2.5 are shown 
groups of bacteria.

Immediately after the hot water spray treatment the carcasses appeared cooked and bleached. However/ 
colour was completely regained in all areas except the cut surfaces on the brisket and neck after the 
carcasses had been stored in a chiller at 1-4°C.

to t

sot

TABLE 1
Mean coliform counts for six naturally 

contaminated sheep carcasses 
treated in the cabinet

Logic Counts (Mean)
Area
Tested

Before
Treatment

After
Treatment Decrease

Rump
Brisket

Mean

3.4
3.25

3.3

1.0
0.5

0.75

2.4
2.75

2.55

TABLE 2
Mean total aerobic counts for six 

naturally contaminated sheep carcasses 
treated in the cabinet

Area
Tested

Logic Counts (Mean)
Before After

Treatment Treatment Decrease

Rump
Brisket

4.8
4.1

4.4

2.1
1.8

1.9

2.7
2.3

2.5
2.3* t0Weight loss in the control group of 12 carcasses - hot wet weight to cold dry weight - ranged from z'̂ gaji 

3.0%, with a mean value of 2.65%. Weight loss in the treated group ranged from 1.7% to 3.0%, with a 
value of 2.38%.
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(numbers in parentheses indicate numbers of test carcasses) F i g .2
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The difference in mean values of the weight loss (0.27%) is not statistically significant. The important 
point, however, is that hot water spray treatment does not result in a larger weight loss.

Calves and hindquarters of beef have also been spray treated. The treated carcasses again appeared cooked 0 
exposed muscle surfaces, but colour regeneration was complete after chilling overnight and total counts v,eI'e 
reduced by 99%.

Economic Considerations

The cost of treating carcasses with hot water is influenced chiefly by the energy required to operate th® . 
cabinet. The total energy requirement of the cabinet is made up of three demands - electrical power to 
the pump and carcass conveying system, heat losses from the cabinet to atmosphere and carryover on carcasse 
and heat required to raise the spray water from supply temperature to 90°

For the sheep carcass spray cabinet described here the total electrical power demand is 3.75 kw, the spr^ 
water pump drawing 3.0 kw and the screw drive motor 0.75kw. The heat loss from the cabinet is equivalent  ̂
290 MJ per hour.

The energy required to heat the spray water (700£) from 20°C to 90°C is 4,700 MJ per hour. This is based °n 
the assumption that spray water is not recycled and waste heat is not recovered from spent spray water.

aIt would cost approximately $7.00 (Australian) per hour to heat the spray water, if heavy fuel oil is us® ^ 
the energy source. At a throughput of 420 carcasses per hour the operating cost per head would be 1.67 ce<l 
(Australian).

It is certainly possible to recover the heat in the spent spray water or to recycle it. The actual cost Pei 
head could therefore be well below the estimated at 1.67 cents. For example, if the system is arranged tt ̂  
recycle the spray water and discharge to drain only the volume of water in the system in, say, one hour* 1 ̂  
700i/h, then the cost would be 0.167 cents per head. Preliminary investigations do not indicate any pr°^ 
associated with recycling. Water temperatures are too high to permit survival of bacteria. Solids buildup 
is rapid, but quickly reaches an equilibrium level. The physical nature of the solids is such that solids 
removal is relatively simple with equipment currently available.
CONCLUSION

We have shown that the treatment of sheep carcasses with a hot water spray after completion of dressing c3J1 
achieve a reduction of 99% or more in the numbers of organisms contaminating the outside surface of the 
carcass.

A similar decrease would be expected in the numbers of any Salmonella which might also be present (Smith S 
Graham, 1978). Providing the numbers of Salmonellae present are initially low, such a process should t 
effectively eradicate them from the meat of treated carcasses unless deep tissue invasion has occurred, 
must be emphasised, however, that the complete destruction of these organisms is not guaranteed and all 
possible precautions to prevent or to minimise the contamination of animal carcasses during dressing st  ̂
have to be taken. Nevertheless, if strict standards of hygiene are maintained in abattoirs, such a trea 
should be very effective in reducing substantially the number of Salmonellae and other pathogens present 
meat.

The final unit cost of the process is dependent upon the degree of recycling of the spray water. With n° 
recycled water, the operating cost is estimated to be 1.67C (Australian) per sheep carcass. With recyd® 
water replaced only once each hour, the cost is reduced by a factor of 10. There appears to be no pr°ble 
associated with recycling, provided that floating solids are continuously removed.

Although discolouration is apparent immediately after treatment, the appearance of the carcass after not1“3 
overnight chilling at 1-4 C is completely acceptable, and comments from meat industry personnel even 
suggested an improvement.

The degree of colour change immediately after treatment was found to be a good indicator of the effectlV 
of the treatment. The greater the colour change the more effective was the destruction of contaminating 
organisms. This is an immediate quality control index.
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