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SUMMARY: During processing of raw meat, the product necessarily ¢
NS e

exper nces temp itures that allow the growth of mesophilic P”'h””(
does

essential for product hygiene that the product temperature history ¢
pr()dllc :

not permit excessive growth of any such organism contaminating the (ng
e ‘ : = - > = ~e85
lhe undesirable effects of inadequate temperature control during Pr”L; 1

8 .

are amply demonstrated in the poor microbiological quality of much of

lhe microbiological consequences of any temperature history can be

v} : ] . s 3 i ata
characterized by integrating the temperature history with respect to d
describing the responses of an indicator organism to temperature.
Ssufficient data exists to characterize. the } i é ac £ at
Il t da exists L« ar: 4 "he hygiene adequac 0 meéa
YE q : 4 owth

processing procedures by estimation of the opportunity afforded for gr
of the accepted indicator organism Escherichia coli. The quantificatlon
the time/temperature aspect of (hnd_?EHQRB?}ﬂFiHﬁ'Practive in meat
processing would be advantageous in that process supervision in that g b
could be based on routinely-collected objective data referred to
practicable criteria, rather than on subjective judgments and hypothe

criteria.

gical

1
A temperature function integration technique can be applied in commerciz
practice only if there is available both suitable hardware, for COIlectio
of product temperature histories, and software that will allow analysis 2
temperature history by non-expert personnel. Electronic temperature® dat
loggers, designed for collection of product temperature history during
storage and transport are simply modified to provide suitable hardwareée:-

Suitable software must be carefully constructed to ensure that only

d
collected @

temperature histories appropriate to process assurance can be
analysed.

Such equipment has been used for temperature function integration that
analysis of carcass cooling and hot boning processes. It is Suggested 4
data for beef carcass cooling can be used to define the permissible
proliferation of the indicator organism during processing of meat undert
Good Manufacturing Practice, and that such criterion could be widely
applied to establishing Good Practice in non-traditional processes suc
hot boning.
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INTRODUCTION: During dressing of carcasses, bacteria are trai
both directly and indirectly, from the hide to the freshly expo
of previously sterile edible tissues. Further bacteria will be trans .
to edible tissues from equipment and hands as carcasses are broken ¢
the meat is processed. Such contamination of meat by extraneous org
is unavoidable in commercial practice (Grau, 1987).

[t must be assumed that contaminants will include both spoilage
potentially pathogenic bacteria. Regulatory activity must therefo
both to minimize transfers of all bacteria to edible tissues and tO
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to assure processing hygiene, or will so restrict processing Poss%bili;yon
as to impose severe economic penalties on meat processors and ultlwato
consumers. Indeed, there must be suspicion that rigorous apPliC“tlonulu
some regulation would, in practice, obtain both those undesirable reiaﬂye
simultaneously. There is thus a practical need to consider an alter
approach to defining acceptable time/temperature parameters for meat
cooling processes.
Temperature Function Integration: . to

As the hygienic purpose of stipulating cooling regimes for meat "
restrain pathogen proliferation within tolerable limits, any regim® t
specified should ensure that a maximum tolerable proliferation dnn?ﬂw and
exceeded. However, the carcasses of food animals vary widely in - tit §
form, within as well as between species. Moreover, substantial q“HTety
of meat are cooled in other than a carcass form, examples being o ne
meats and hot-boned beef. Therefore, a cooling regime derived for SEL gané
ideal carcass is likely to be inappropriate for many carcasses of ¢ rtypﬁ
general type as the ideal, and will be highly inappropriate for othe 0
of product. To overcome the difficulties imposed by the wide Varieiz
meat products that must be cooled, some means of quantifying Possibd e
pathogen proliferation in widely different circumstances is requ”er(')achto

obvious solution is to adopt a temperature function integration app
assessing the hygienic efficacy of cooling regimes.

Temperature function integration, a relatively simple form
microbiology (Roberts and Jarvis, 1988), refers to the calculation ¥
bacterial growth from product temperature histories and data relating
bacterial growth rate to temperature (0Olley and Ratkowsky 1973)- fo0d?
Application of temperature function integration techniques to musc 1€
have in the past focused largely on prediction of remaining Storageh fish
(Olley, 1978; McMeekin and Olley, 1986). Practical application Wit
and meats has to date met with only modest success, because of Widelage
variations in initial levels of contamination of products with spol riswg
organisms, the changes in spoilage flora composition that occur wit orﬂﬂ
temperature, and the past inadequacies of available temperature moncteriﬂ
equipment. However, the possibility of predicting the extent of bé
growth on muscle foods with good accuracy has been amply demonst
(Pooni and Mead, 1984). Moreover, with a food product of greater echﬂimﬂ
consistancy, pasteurized milk, a temperature function integration
has been shown to predict spoilage with good agcuracy, at least s
temperatures not grossly abusive (Chandler and McMeekin, 1985)-

For application of temperature function integration to assurancé h
process hygiene, it is necessary to identify both the point at viEs to P¢
product temperature should be monitored for the temperature history rowh
appropriate for the intended purpose, and a model relating bacterid
to temperature that is appropriate for interpreting the temperature
history. ghat’

With regard to the point of temperature monitoring, it is evident
for regulatory purposes, a process is characterized by the prOduct oaveray
poorest hygienic condition that the process yields, rather than theduct
product condition (Gill et al. 1988). The relevant region of 2 pee

raté
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= ill
monitoring product temperature is therefore Lve,aréét;?ittxiie
femaip at the highest temperatures for the longest PeELos” \N-L ganisms
regions of *he ;s}'rr'llln’il, likely to be contaminated hy pathogenic 0[,.;3? b‘) ;")m(.
provid@d that bacterial ,‘;."f)w-ih will not be inhibited in that region by sc
aCtop

Other thg emperature., issue
U the ca;etolfmc;tarc:‘y;«;m:, the tissue at the centre of the ‘;argeiixf:nimil;
8 Will ¢oo1 most slowly (Bailey and Cox 1976). However, deeplr ::1§
gmmrally sterile (Gill, 1979), so deep tissue temperatures are a;fi;;
irmonseqll(}l‘.tinE for product hygiene. In contrast, all carcass sur 'i‘\?]’\)
W 1HGViLab1y be oontundALn;ui. [t follows that, for assurance O? Ll; g
Ygienic efficienéy.of carcass cooling processes, the relevant reg10: to
mmutorlng Product temperature is that area of the carcass surface t iein
constStently cools most slowly because; the possibility of that areg in gt
;mmaminated by pathogens must be assumed; the area must be eXPeite ’wth
e 80me cages, to remain sufficiently moist to allow baCFerls gizatest
banmghout cooling; and temperatures in that area will permit the g
Cteria) 3 ion. ¢
: N the ngzlé;ez:EtZHEd or otherwise bulked product, material aE the
lmrmal center of the product mass will cool most slowly. In mos s
Stances, the thermal centre will be approximated by the geomi ic
Sntre of a f;lled carton. As it is always possible for the g-;eome : face
%ntre to be occupied by the necessarily contaminated, and mo%sf, ;ure the
;i teat Plece, the geometric centre of the carton is the POLRL, WHere N
;atest acterial proliferation can occur. CER rally accepted
U\it tegard to the model for bacterial gFOWth{ e oy g?n?L: gz the
en:t~§EES£i£ﬁi§ coli is a suitable indicatoiyct,the 2%2;V105ubqtantial
dater c Pathogens associated with raw meat (NRC ?PC : £ : this‘species and
th relati“g growth rate to temperature are %Val¥able ?F calculations
%e Telateq Salmonella, and temperature function LntegraLLon'.h R
Sed o such data have been shown to be in good agreement wit At o
On "Mined increases of both inoculated and naturally Occurtig% p1288).
Fomeat (6111 and Harrison 1985; Smith 19851 Mackey and ger;t %:e T |
%: 3¢robic conditions, any lag ppase e OIEe; b?O:§Q£§£;Q££Ch substrate
Wi then refer only to the aerobic growth of ".%i“— HAtava hen meat is
thout Inhibitory effect on growth of the organism. However, by is
gﬁ*aged In a film of low gas permeability, as [n'vacuum packagénfgeOf
Pack, 2ckaged, anaerobic conditions will very rapidly deYelop v tances,
aaCka €/meat interface and within bulked product. For those Clrcumzerobic
%mo BEmust take account of any lag induced by the Ch?ngfhirzga::obic
8tou,. JN@€robic ehvironment for the ba?teria, as well as tt
Wth of E. coli on a rich, non-inhibitory substra?e. Losdht fis
Cop aPPlyNZ'EEEEérature function integration technquE»HquoiTes doar ta
&vv Uent)y collecting appropriate product temperature e Hilend’s o o b
haila le, Ideally, the equipment used should allow routine c? ~icn{f1cant
M:duct temperature histories from commercial processes Wi;h?u;i:cﬁmstances
diruption of those processes. The constraints of commerila {deianding 2t
mf ate that the temperature logging device should be small, h;nical
she “fnal power source, able to withstand immersion and miz tolerable.
%OQ 8, and pe sufficiently cheap for occasional 1osses't0 t intervals
tnstrument of that type, capable of taking 2000 readings a

Mag
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S?ecifiab{e between 1, ¢ 255x%x1.875 min. over the range

WItﬁ an accuracy of + 0.25°C and a resolution of 0.25°C qu deVQIOPPdfor
T”ﬁ{furﬁwq of product temperature history during ulurJﬂ; and transport f
(Phillips and Gill, 1986). The device was simply mudi{i“J, by PrOViSiono

AR anaad . ;3 ) : ing:
external probe, for monitoring product temperatures during Pr”CeS51ngt
: ' 3 - ’ . : ; > Tru- sky
‘nhanced models of that equipment are now commercially available LIRS -

"
M“:':’L’-}nd Na oy . . ¢ .

\. d, New Zealand) and in commercial use for process f”mP“rat“re
monitoring.

Wh&u!w of the variation of bacterial growth with temperature
r?r a temperature function integration assessment to be valid, 1
obviously essential that the models relating bacterial growth wf*P”nSe o
rvmb“ratnrw closely approximate real bacterial LthviurF The Arrhenit®

equation has traditionally been applied for the description of the 0
is now ro(‘()gnized o

dependence of bacterial growth on temperature, but it
) : s
al., 1988),

ko = bt =~ ~ 7
be unsatisfactory (Reichardt and Morita, 1982; McMeekin et

also is the simple formula proposed by Spencer and Baines (1964),

e
tempe ratufl

originally for relati a3 | il i
g 3 r relating the growth of fish spoilage floras to

(Daud et al., 1978).
of

: Three further models have since emerged to describe the dependence 1

bacterial growth on temperature . =
g temperature. The model proposed by Broughall €f == /g

that

(1983) A SEEeg : o

l;lﬂw) applies a non-linear modification of the Arrhenius equation

developed by Schoolfield et al. (1981) for application to biological jus
n

systems; that of Davey (15@97—involves an alternatively modified Arrhe
eﬂnatiénf‘”f a form used originally to describe spore destruction (DaVEYI/
:ﬂ., 1978); while a simple relationship between f;w square root of grOWL
rate and temperature was discerned by Ratkowsky et 1?:‘(}93?5- Although

- 2 : that

erv different i -
very different in form, all three models are similar to the extent

tﬁey are empirical, applicable to description of both lag and ﬂeneration
time, and capable of being modified to encompass other gfow[h—éffecting
factors in addition to temperature. Good tf}u to uuh?i;hvd yrowfh and
phase data have been demonstrated for all three models, at 1#35( for rhend
Fem?“r”L”r“ range below the optimum for growth of individual urganisms’a
1t 1s suggested that all models may be extrapolated beyond available d?;gﬂ

;Ratrowsky et. al., 1983; Broughall and Brown, 1984; McMeekin et al«»
X C . . v vi
tif» 1989). However, it is apparent that all models tend to deviat®
observed growth data towards the upper and lower limits of the Rrowth

fro?

tempe @ "¢ : 2 é
emperature range, and that the square root relationships inevitably for€

predicts growth below the minimum temperature for growth. It is ther®

unlikely that one of these models will be superior to the others for f

applications, a2 é i :
TEES th 252 and ?11 are likely to be erroneous in some circum-‘%tanceshic
s e best choice of model must depend on the circumstances in whic
is to be applied.
For evaluating i
ing the hygiene of raw meat cooling processes, the growth of

models i i
ls required are few and simple, as consideration is given to grovt

only one indicator organism unrestricted by any factor other than té
tcmperétgre. Consequently, it should be pOSSiij to collect sufficient g
to empirically define all the relevant growth/tcmpcréturw<re]ationships
over the full growth temperature range without slgnificaﬁt %esort to

extrapolation. The models can therefore be of any convenient form chat
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Passes all of an adequate number of data points.

Asg
8egg
Sment of Offal Cooling Processes

Hyg

t;)ene assessment of cooling processes by temperature function

(xgration was first applied to the cooling of livers and other offals.
isaster. The

‘al Cooling processes are an area of general hygienic d
.‘rnzgg:nﬁl belief that offals are inherently prone [i)rrnpi|i spoilage Fs :
““rcasslb as, W&th treated properly, their storage life can f\h~~tni tl%at 0
Vith = ’"“(’”'((;a l1 and Delacy, 1982). The poor keeping quality observed
d“ﬁng mmercial product is due entirely to extensive temperature abuse

i USual collection and packing processes. The warm temperatures to

Leh
. € : . . e o L .
'ffals are exposed during such operations allow rapid proliferation

Vide

ngdg aly including salmonellae (Gill and Penney, 1984). These
inge, P}rvuwﬁtunvns have been pninr?d out (Hinsov, IQhH_a; bf
Pogg ¢ "198*; Gill, 1984), but largely ignored, despite there being no
Justification for such hazardous mishandling of food.
ral) are Auﬁnmon}ly bulk packed while still Yarﬂm, and such mnttlriaT :
Bo e f"“qﬂlr“ﬂ several hours to cool to chiller te@peralvres. it
" "andling procedures both before and after packing, simple
lon does not readily reveal undesirable practice. Even product
Cmni::tfre monitoring may not be too enlightening, as.apparently similar
> CUrves may have substantially different microbiological
‘“Nces. However, these consequences can be revealed by appropriate
Uu[?;ure function {ntvgrntinn nna]ygis of temperature'histor?e?. :
Pepg, ~'® ASsurance of the hygiene of fresh meat processing must involve
of widely differing capabilities. It is obviously desirable that

an ; . i
5aq Y as possible be able to readily comprehend the basis of any
S g .
hn”erment technique that is employed. Therefore, for the purposes of
1 ; t e :
| € assurance in meat works, the simplicity of the basic square root

WM?;;SHShiD must be an attractive feature of thatkmodel. ?ortu?ately, a

t e Square root model can be applied to the offal-cooling %1tuat10n.
tap{ € Warm temperatures of freshly excised offals, any lag will be
D“m”vz fesolved, while anaerobic conditions will obtain at Lhe’centre of]a
My[n' Mass. In commercial circumstances, temperature monitorxng'can only
thecléf[“r the offals are packed. The model need therefore describe only
anarornge of growth rate with temperature for E. coli growing unger
te *l¢ conditions (GI11, 1984). A square root plot of anaerobic growth
the reaingt temperature gives a straight line relationship over much of
ahogr”wth temperature range. However, a distinct change of slope occurs

e 0 5 i a : 3
“N@r “)(w while at 44°C, the growth rate declines from the maximum value
V) ; 'v - >
ratoq €d at 40°C. For computational purposes, a plateau can be assumed for
I%xim ftween 40 and 45°C and the simple three phase plot terminated at

Hm

 Thay and minimum temperatures of 45 and 7°C. _
Hshnym“del of E. coli growth allowed calculation, from temperalufe by
Qemg ddla, of increases in E. coli nnmherﬁ on !?vers tha% wcr? in f
"ML with the increases in the natural E. coli population directly
averaml““d by enumeration on agar plates. Calculations by hand, fr(:"}
by “8€ groweh rates for 5°C temperature intervals between 5 and 45 ?’ -
mp“LQF, for average temperatures in sequential 3.75 minutes periods,
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of wholé

The fundamental cooling process in meat production is chilling he
split carcasses. As beef provides the largest - i>r9“:nmlb]y E]
s low )oling — carcass units common in meat production, beef carcas®
»oling uld define the acceptance limits for meat cooling Pr(hw’fsps.rs
he rate at which a beef side surface ols will be affected by fﬂ(fto as
oth intrinsic and extrinsic to the side (Wootton, 1986). Cr)niformatlonq
well 3 weight will affect the cooling rate, while the extrinsic ffCtofa[
ffecting air conditions at the side surface will vary within a ~’””fl
! time, and at any point during a loading, chilling, unloading VYCh”
As a wide variation in possible proliferation seems inevitable !f any
rcass cooling process, specification of only a maximum permissible
J ab[e

i AW ; ¢ accept
proliferation would be inadequate to properly characterize an accep s
. . K 1 3 t i te

process. Instead, a criterion compatible with a three class attribt

acceptance sample plan, such as is commonly used for decision with regdt
to the microbiological quality of food (Jarvis, 1989), would be more
appropriate. That type of criterion permits a mar; Lly defective
grouping, which would make some allowance for the 1y factors thet Ca:ure
affect proliferation, and for imprecision in the col .tion of temperd
history data. roces’®

As a first step to developing a criterion, a beef carcass cooling P

was assessed by a temperature function integration technique. IR thagl
process, the average side weight was 123.6 kg, with a range of 80 Eo 28
kg. The average time for sides to cool to a deep temperature of 138 wauwd
24.6 h, with a range from 16 to 46 h. The average rate of cooling obt

was somewhat faster than the average rates reported for British and m(wd
Northern Ireland chilling operations (Wootton, 1986). The proces$ ezZpte

could therefore be considered representative of what is currently ac
as Good Manufacturing Practice. Data from that process suggested 2 4 not
criterion stipulating that 807 of the calculated proliferations 8 oul
exceed 10 generations, and none should exceed 14 gemerations. However:
that form for a criterion was found to be inadequate when it was exten
to a hot-boning process. fev
In the hot-boning process, meat was stripped from the sides within 2
minutes of dressing being completed. Therefore, the meat was within
cartons of uniform size during most of the cooling period, with
temperatures necessarily monitored at the carton centres. The greate;ng
thermal uniformity of the product at the point of temperature monitof ons*
reduced the range but increased the average for calculated prOerrat that’
Thus, the maximum proliferation barely exceeded 12 generations rathe; the
as with the carcass cooling process, approaching 14, but about 40% ©
calculated proliferations exceed 10 generations, and the average
proliferation was 9.2 generations as against 6.8 generations for the
carcass cooling process. te
It therefore appears that a general criterion would have to StiPUIaimitS
maximum average proliferation as well as defining tolerable maximu®
for individual units. The previously suggested criterion would then i
include an element requiring )t the average calculated proliferatio
should not exceed 7 generations.
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Q”re"t Application of Temperature Function Integration to Meat PrzfeSSiﬂg-
ONsume r demand for reliably tender meat has required New Zealan Sf
%ducers of frozen lamb to develop processes for accelerated aging o ot
i Product at warm temperatures before it is frozen. In addition,

ol to contain costs has directed beef and lamb producers towards the
(kVGIOPment of hot and warm boning processes. Permitting these :
dewﬂﬁpments present difficulties to New Zealand's regulatory authority
eCauSe’ in the absence of any specific regulations or guidelines,
“sessm“n' of process hygiene becomes a matter of highly un?efta1§
mmJeCthG judgment. The possibility of introducing objectivity into

tsessments by applying a temperature function integration technique is
“refore being actively examine in New Zealand by both the regulatory .
a:nmrity and the meat producers. The means of applying the technique in
Actice are emerging from that activity.
44 aSSeSSme:t iusf begin with a formal description of a process. T:e
fiption must include identification of the facilities.used for eac .
fage Of the process, specification of the operating conditions for ezﬁct
acility, and specification of the minimum and maximum times that pro
Y Temain within each facility. Although the institution of n(f)veltion
moced“res is the principal reason for interest in temperature UEC
€gration assessment, the proposed new procedures must 9sually eocess
to Sgrateqd with existing operations. Therefore, when defining a p; ’
nsiderat10n must be given to the product entering the process, the b
e aet leaving the process, and the type of plant used for the prTC::r;e
QeratiOHS both existing and novel, that are broadly sim%lar iniallarly
%spects should be aggregated to a single process. Th?s is pa;;i:res el e
%Cessary in large meat plants, where a number of similar §a§ i
Q:Cu Or the same operation, and handling of product can differ w
MStances,
p 3 fu11y characterize any process, data must be collected over a leggg?y
fri » 80 that the data provides an adequate sample of the full ;ang s
cart On encountered in the process. However, before starting tie rZeded
to lon of data, some outline characterization of the p:ocifgn Si: .
be TSCt the routine activity. For the initial characteriza s
the
b

eg

ect

h “ecessary to make some assumptions in order to describe all aspfcﬁz Zﬁst
@ Process that may be relevant to its control. Any such assumgﬁ ge
%ri *3rly i{dentified in the initial description, so that t:iyhcto s
the ed, modified, or abandoned as adequate data against whic
M are accumulated for the process. : s
Nao ®Xpedite the initial survey, the assumption must be mate i e
Men Currently being used for the process can be operated to e S
hy ate Product hygiene. This assumption will generally be w 1até 4
Sten ¢ inadequacy will more often arise from procedures inapg;oprfore
the Plant than from fundamental defects in the plant itself. sse;Znage;ent
. Mmary objective of the initial survey is to assess p;oceaC e 752
DroE Ation to the available plant, so that the hygienic a egu ering =
Nm:fss Can be optimized by procedural changes before plant upg
€red as an option. od
%rqr the initial gurvey, product temperature histories shngd :an°11eCt
T@presentative portion of the process only. Preferably,
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: ngs
- . . - - . : . of cordl
histories should be obtained on each of two days. The starts of re

- $ . M '()d on
should be spaced approximately equally throughout the working perl i of
3 s P : . 10 : ~ F » inn
each day, the first record being started within 30 min of the begln

. : - . ing
work. On each day of monitoring, the operating temperature of coolling

ﬂ : RS . be
facilities at the time each monitored product unit is loaded should.t y

. : ! F eoac » it
noted, as should the times of loading and unloading of each such un data
other circumstances of the day's work that may aid in assessing the

the batch size, the rate of throughP“tTIn
very 118

should be noted. For example,
whether the batch had an unusual predominance of very heavy o
units, any unusual delay in processing etc. ghOUld

The frequency distribution of estimated proliferation on each QHY h &
be prepared. Comparison of the two frequency distributions should 8 0
whether operation of the process segment was reasonably comparable OF
substantially different on the two days.

[f the two frequency distributions are comparable and within the
provisional specification, then routine monitoring to progressively
encompass the whole process can be initiated.

[f the frequency distributions are incompatible and/or exceed the
provisional specification, the individual temperature histories and
on procedures should be examined to determine the causes of inadequate€
cooling. Procedures likely to remedy the inadequate cooling should behen
adopted, and temperature histories again sampled on two days. Only ¥ hin
the possibility of consistently operating the representat ive segment p
the provisional specification has been demonstrated, and the procesS$
description revised to adequately document the procedures required tO Je
achieve that objective, should routine monitoring to encompass the wig
process be initiated. may

Although the procedure to develop a hygienically acceptable proces$
appear potentially tedious, practical familiarity with the causes of {dly
excessive calculated proliferation usually allows mispractice to be rap
identified. Remedy of mispractice may take somewhat longer, as there 3
few who will accept without question that their habitual activities af
less than satisfactory. However, it has been found that the objectiVeé atly

notes

areé

. . reé
demonstration of inadequacy by product temperature history data can 8
facilitate desirable change. ¢ an
At present, temperature function integration assessment is still 3

experimental stage. Much remains to be done in both strengthening the
theoretical underpinnings and in clarifying the practical apPlication.
However, the technique is already proving useful ‘in commercial
circumstances. It is to be hoped that the current interest in its
application can continue, as it offers the only obvious means of e
from restrictive, subjective regulation to objective evaluation of the
hygienic adequacy of temperature control during raw meat processinge-

scaPing
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