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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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