










enc°mpassses all of an adequate number of data points.
AsHygi— t of Offal Coo Ling Processes 
inte 6ne assessment of cooling processes by temperature function Of̂ on was first applied to the cooling of livers and other offals, 
wides COô n8 processes are an area of general hygienic disaster. The fTm„*nead belief that offals are inherently prone to rapid spoilage is

as» when treated properly, their storage life can exceed that of 
w'th S meat (Gill and DeLacy, 1982). The poor keeping quality observed (liirit. r')in'nercial product is due entirely to extensive temperature abuse 
whtCh "SUâ collection and packing processes. The warm temperatures to 
of Spô als are exposed during such operations allow rapid proliferation 
Pres,, â e organisms and mesophilic enterobacteria, notably E. coli but 

deluding salmonellae (Gill and Penney, 1984). These 
ObUrJ!^ circumstances have been pointed out (Hinson, 1968 a; b;
P o s s 1983; Gill, 1984), but largely ignored, despite there being no 

e justification for such hazardous mishandling of food.ble°ffalgener-ji | are commonly bulk packed while still warm, and such material 
îVers  ̂re9uires several hours to cool to chiller temperatures. With 
^Pe/t• *lan<i^ng procedures both before and after packing, simple 
t"en*Per *°n does lloC readily reveal undesirable practice. Even product Co0|. ,1( ure monitoring may not be too enlightening, as apparently similar 
con’« Curves may have substantially different microbiological 
ter°Pe llnces* However, these consequences can be revealed by appropriate 
V at”re function integration analysis of temperature histories.

P*r8oi a° assurance of the hygiene of fresh meat processing must involve
of widely differing capabilities. It is obviously desirable that

iny"lariy ac **  ̂ ^b possible be able to readily comprehend the basis of a
ment technique that is employed.‘'Vgien" ‘1L technique that is employed. Therefore, for the purposes ofassurance in meat works, the simplicity of the basic square root 

■*dlft0n8»>ip must be an attractive feature of that model. Fortunately, a 
At fi 89uare root model can be applied to the offal-cooling situation. 

raPid]>° Warm temperatures of freshly excised offals, any lag will be
¡I04««

y resolved, while anaerobic conditions will obtain at the centre of a
mass. In commercial circumstances, temperature monitoring can only 

Gie p|i‘' *-er the offals are packed. The model need therefore describe only 
age of growth rate with temperature for E. coli growing under 
c conditions (Gill, 1984). A square root plot of anaerobic growth

*n,ae
r*t<

cha
robi

Uie akainst temperature gives a straight line relationship over much of 
*b°Ve !Wlh temperat ure range. However, a distinct change of slope occurs 
()bserv ** while at 44°C, the growth rate declines from the maximum value
r3teR l' at 0̂°C. For computational purposes, a plateau can be assumed for 

bet'
T}lat,,n ail(l minimum temperatures of 43 and 7°C.
'*slor niodê of E. coli growth allowed calculation, from temperature

ween 40 and 45°C and the simple three phase plot terminated at

Kre<hn
tmi
 ̂data, of increases i n coli numbers on livers that were in close

b**tage
with the increases in the natural E. coli population directly 
by enumeration on agar plates. Calculations by hand, fromued

q growth rates for 5°C temperature intervals between 5 and 43 C, or 
Puter, for average temperatures in sequential 3.75 minutes periods,
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gave similar results.
Further work with a variety of offals being cooled under commercial 

circumstances gave similar correspondence between observed and calculate 
increases in Ji. coli numbers, establishing a reasonable validity of the model for assessing offal cooling processes, and showing that temperature
function integration assessment could be applied in com.trialcircumstances (Gill and Harrison, 1985).
Application of temperature function integration assessment to processing0 
carcasses.
The application of temperature function integration to carcass p s   ̂

requires some definition of the purpose and practice of product tempest 
monitoring in the meat plant environment. 0f
Temperature function integration must evaluate the hygienic effic*eIlĈ a process; it cannot be used to assess the absolute hygienic status of 

individual units leaving the process. However, processing adequacy wiU assure that the time and temperature conditions that product experiences 
during the process do not cause unacceptable degradation of product 
hygiene. Such assessment does not assure that product entering the Pr°°e . is hygienically adequate or that a source of extraneous contamination 
not exist in the process. Those causes of hygienic inadequacy must he controlled by other means.
As the purpose of the relatively intense regulatory inspection during 

carcass dressing is to assure hygienic adequacy, an assumption of the 
hygienic adequacy of carcasses leaving the dressing line would seem 
warranted. Thereafter, time temperature monitoring should commence as s° as practically possible. i

Any meat cooling procedure will consist of an alternating sequence 
relatively short periods, when product is being modified, and commonly  ̂
longer periods, when product is being stored. Temperature monitoring c . ^ e 
take place only during storage periods, as it is inconvenient or in>P°sS re<) during the times that product is being modified. However, each unmonit0g(. 
modification period can be incorporated in the assessment by making w°ri](n case assumptions for the unmonitored time, and by restricting the max 
duration of each non-monitored period. The worst case assumptions wil 
hygienically conservative, as they will tend to overestimate the adverse 
hygienic effects of unmonitored periods, provided that the duration of ^ 
unmonitored period are sufficiently short for the- worst case conditi°nS 
be reasonably deduced from the recorded temperature history. fAll processes start with a period of product modification; slaughter 
the animal and dressing of the carcass. The duration of those operation 
for each stock unit will rarely exceed 30 min., even when throughput ls 
s ow. However, peculiarities of plant layout and practice may delay Pr° 
placement for temperature monitoring for some time after dressing fs 
completed. To encompass the variability of the dressing operation, ^ 
t lerefore necessary to allow a 1 hour maximum for that period of produc modification. j
At the temperatures of freshly killed carcasses, the lag phase of Jit will resolve within 1 h (Smith, 1985). Therefore, the hygienic effect ° 

the unmonltored dressing period can be encompassed by the assumption t
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The fundamental cooling process in meat production is chilling of w 
or split carcasses. As beef provides the largest - and so presumably 
slowest cooling - carcass units common in meat production, beef carcass 
cooling should define the acceptance limits for meat cooling processes*
The rate at which a beef side surface cools will be affected by 'aC. aS both intrinsic and extrinsic to the side (Wootton, 1986). Conformât 

well as weight will affect the cooling rate, while the extrinsic at
affecting air conditions at the side surface will vary within a chi ® 
any time, and at any point during a loading, chilling, unloading C7Ĉ
As a wide variation in possible proliferation seems inevitable i11 

carcass cooling process, specification of only a maximum permissible 
proliferation would be inadequate to properly characterize an accep 
process. Instead, a criterion compatible with a three class attribu 
acceptance sample plan, such as is commonly used for decision with re 
to the microbiological quality of food (Jarvis, 1989), would be more 
appropriate. That type of criterion permits a mary ¡oily defective  ̂
grouping, which would make some allowance for the many factors that affect proliferation, and for imprecision in the collection of tempera 
history data. ceSs
As a first step to developing a criterion, a beef carcass cooling P 

was assessed by a temperature function integration technique. 1° thâ i7 process, the average side weight was 123.6 kg, with a range of 80 to 
kg. The average time for sides to cool to a deep temperature of ^ «„ed
24.6 h, with a range from 16 to 46 h. The average rate of cooling 
was somewhat faster than the average rates reported for British and
Northern Ireland chilling operations (Wootton, 1986). The process 0
could therefore be considered representative of what is currently acC 
as Good Manufacturing Practice. Data from that process suggested a n0t 
criterion stipulating that 80% of the calculated proliferations shou  ̂
exceed 10 generations, and none should exceed 14 generations. Howev ^  
that form for a criterion was found to be inadequate when it was exte 
to a hot-boning process. a fetf
In the hot-boning process, meat was stripped from the sides within 

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  ̂
thermal uniformity of the product at the point of temperature monit°r̂ ng, 
reduced the range but increased the average for calculated prolifer j,atn 
Thus, the maximum proliferation barely exceeded 12 generations tat^e 
as with the carcass cooling process, approaching 14, but about 40% 0 
calculated proliferations exceed 10 generations, and the average 
proliferation was 9.2 generations as against 6.8 generations for tbe 
carcass cooling process. a
It therefore appears that a general criterion would have to stipu a 

maximum average proliferation as well as defining tolerable maximum 
for individual units. The previously suggested criterion would then 
include an element requiring that the average calculated proliferat 0 should not exceed 7 generations.

examined
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Con PPÜcatlon of Temperature Function Integration to Meat Processing. 
Pr°dUçUmer êmand for reliably tender meat has required New Zealand's 
their rS frozen lamb to develop processes for accelerated aging of 
need ^ r°duct at warm temperatures before it is frozen. In addition, the deve[0 contâ n costs has directed beef and lamb producers towards the 
deve 10r>men°f hot and warm boning processes. Permitting these 
kecaiiS(‘,,1ei-1tS Present difficulties to New Zealand's regulatory authority a8aess ' 'n t̂ e Usance of any specific regulations or guidelines,
Subjec"rin* Process hygiene becomes a matter of highly uncertain
a8sessmeV G U ^̂ ment* Poss*bility of introducing objectivity intotherefoents ŷ applying a temperature function integration technique is 
t̂horit̂  actively examine in New Zealand by both the regulatoryPractl  ̂an<̂ the meat producers. The means of applying the technique in 
Any Ce are emerglng from that activity.

^cri^?essment must begin with a formal description of a process. The 
stage on must include identification of the facilities used for each 
faclli° t*le Process, specification of the operating conditions for each ®ay re and specification of the minimum and maximum times that product 
*)r°Cedur- 3 eacb facility. Although the institution of novel^tegrÛ s *s the principal reason for interest in temperature function 
fritegf °n assess,nont, the proposed new procedures must usually be 
C°nsidated wfth existing operations. Therefore, when defining a process, 
ôduct̂ *” ̂°n must gfven t0 the product entering the process, the ^ratl eayfng the process, and the type of plant used for the process. 
re8pect°ns both existing and novel, that are broadly similar in all three 
ĉessg8 sb°uld be aggregated to a single process. This is particularly 
ü8ed fQry ârge meat plants, where a number of similar facilities may be 
t̂cumof tfle same operation, and handling of product can differ with 
To f* ances‘Peri0(j  ̂characterize any process, data must be collected over a lengthy

Varlati S° t̂lat the data provides an adequate sample of the full range of 
C°Hect?n encountered in the process. However, before starting the routi dir °n data, some outline characterization of the process is needed 
^ 'lecê, rout*ne activity. For the initial characterization, it maypr Ssary to make some assumptions in order to describe all aspects of 
cleaC<.ss that may be relevant to Its control. Any such assumptions must 

Ver*fied y ^ entlfied in the initial description, so that they can bea ’ m°dified, or abandoned as adequate data against which to judge Tq e accumulated for the process.
^ar>t ĉ e<̂*te the initial survey, the assumption must be made that all 
kde<lUatUrrent̂  being used for the process can be operated to maintain ienie *)r°duct hygiene. This assumption will generally be warranted, as 

c inadequacy will more often arise from procedures inappropriate to 
tlle Pf3nt tilan r̂om fundamental defects in the plant itself. Therefore,1,1 rei mary objective of the initial survey is to assess process management1 A n  1. . I . . . .  - _Pt
Co°ce

I j r  °lon to the available plant, so that the hygienic adequacy of the
Hst . Cai1 be optimized by procedural changes before plant upgrading is 
for ,̂red as an option.°r a le initial survey, product temperature histories should be collected 

rePresentative portion of the process only. Preferably, ten
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histories should be obtained on each of two days. The starts of record 
should be spaced approximately equally throughout the working period on 
each day, the first record being started within 30 min of the beginning 
work. On each day of monitoring, the operating temperature of cooling 
facilities at the time each monitored product unit is loaded should be ^  
noted, as should the times of loading and unloading of each such unit* 
other circumstances of the day's work that may aid in assessing the data 
should be noted. For example, the batch size, the rate of throughput, 
whether the batch had an unusual predominance of very heavy or very 1*8 
units, any unusual delay in processing etc.
The frequency distribution of estimated proliferation on each day shou 

be prepared. Comparison of the two frequency distributions should show 
whether operation of the process segment was reasonably comparable or 
substantially different on the two days.
If the two frequency distributions are comparable and within the 

provisional specification, then routine monitoring to progressively 
encompass the whole process can be initiated.
If the frequency distributions are incompatible and/or exceed the g 

provisional specification, the individual temperature histories and not on procedures should be examined to determine the causes of inadequate 
cooling. Procedures likely to remedy the inadequate cooling should be 
adopted, and temperature histories again sampled on two days. Only when g 
the possibility of consistently operating the representative segment w 
the provisional specification has been demonstrated, and the process 
description revised to adequately document the procedures required to 
achieve that objective, should routine monitoring to encompass the who process be initiated. ,-o yAlthough the procedure to develop a hygienically acceptable process 
appear potentially tedious, practical familiarity with the causes of ^  
excessive calculated proliferation usually allows miápractice to be rap^ 
identified. Remedy of mispractice may take somewhat longer, as there 3 
few who will accept without question that their habitual activities are 
less than satisfactory. However, it has been found that the objective ^  
demonstration of inadequacy by product temperature history data can grea facilitate desirable change.
At present, temperature function integration assessment is still at 3 

experimental stage. Much remains to be done in both strengthening 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 escap 
from restrictive, subjective regulation to objective evaluation of t̂ e 
hygienic adequacy of temperature control during raw meat processing*
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