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Extipnon wng Ogppikig enelepya-
010G KPEATOOKEUAOPAT®V OF KUALV-
dpikoUG peradMikoUG nePIEKTEG pe
ug pe@d6doug yevikn ka1 pe nhe-
KTPOVIKO UIIOAOY10TA.

A.Tk6Bapng’, I. ApPpooc1ddng’

ITEPIAHWH. Avo yvwotd kpeatookeudopara, éva pe yoipeio
kpéag (luncheon meat) ka1 éva pe Péeto (corned beef), naprydnoav
pe eykutioon oe KuAivopikoUg petarikoug nepiékteg (73x109 mm)
ka1 anootelp@Onkav pe atpé oroug 121,1°C yia 96 ka1 91 min, a-
viiotoiya. H extipnon tng Oeppikig ene§epyaoiag éyive pe ug pe-
0680ug yevixn ka1 pe ndextpovixd unodoyioth (H/Y). H yevikn pé-
0o80g ypnoiponoince ug netpapauxég feppokpaoieg mou kava-
ypapnkav ano Oeppoledyn, evw n péBoSog pe H/Y éxape npéyve-
on g eowtepikiic Oeppokpaciag oroug kuAvEpikodg petadlikodg
Hep1éKTeg pe tn Yprion tng nenepaopévng S1apopikig enfiuong
(finite difference) tng e§{owong petagopdg Beppéntag pe aywyr-
pénta. Lo tédog g Oéppaveng otoug 121,1°C kat tng akbéroudng
ypi&ng, o PaBpég Oeppikig enefepyaoiag (Fo) xat 0 ap1fpdg twv
Sexabikav perdoewv (log D121,1) tou apyikod minBuopot wwv oné-
pov tou Clostridium botulinum ovo yewpetpixé kévipo twv pe-
TAAMKDV MEPIEKTOV TOV SUO KPeaTookeUaopdtwy, Iou umoloyi-
oOnkav pe w yeviki pédobo, ouykpivépevor pe exeivoug mou umo-
JoyioOnkav pe m péBoSo pe H/Y, SramordOnke 6u Sev eiyav on-
pavuxkég Stapopés petaly toug (P>0,05). Zuykpivoviag oto yew-
PETPIKS KEVIPO TwV PEtaMKOV MEPIEKTAOV TwV SUO KPEATOOKEUQA-
opdwy, T Oeppokpacia, mou petpiOnke pe Oeppoletyn pe avtd
nou vniodoyioBnke Oewpnuxd pe m péhodo pe H/Y, Sramordrverar
6u Sev umhpye onpavuxd Siapopd peta&t toug (P>0,05), 0” 6in
1 S1dpkera ng Oéppavong, evd, aviifeta, onpavuki S1apopd pe-
1y toug (P<0,05), mpoékupe oto tdog g piéng.

Aé€e1g evpempiaong: Tipn Fo, mepiékre, Clostridium botulinum,
extipnon Beppuxic eneSepyaoiac,

Epeuynitikn

Original Paper

Evaluation of the thermal
processing of meat products in
cylindrical cans using the General
and Computer methods.

Govaris A', Ambrosiadis I?

ABSTRACT. Cylindrical cans (73x109 mm) were filled with
luncheon meat and corned beef were sterilized with steam at
121.1°C for 96 and 91 min, respectively. The evaluation of the
thermal processing was made using the General method and a
Computer method. The General method used the experimental
temperatures recorded by thermocouples while the Computer
method predicted the internal temperatures of foods in cylindrical
cans, using the finite difference numerical solution of heat
conduction equation. By the end of heating at 121.1°C and
following cooling, comparison of the (Fo) value and the decimal
reduction (log D121.1) of the initial population of the Clostridium
botulinum at the geometric centre of the can for both examined
meat products, estimated by the General method with those
estimated by the Computer method, showed that there was no any
significant difference between them (P>0.05). Comparison of
recorded temperatures at the geometric centre of cans of both meat
products with those estimated by the Computer method showed
that, there was no any significant difference between them (P>0.05)
during heating at 121.1°C, but a significant difference between them
(P<0.05) was observed by the end of cooling.

Key words: Fo value, cans, Clostridium botulinum, thermal process
evaluation
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EIXATQI'H

O vroloyioude me Bepuuntic emeEepyaoiog Twv eyxrv-
TLOUEVDV TEOPIUMV EXEL S OROTS VAL TROOLOQIOEL TN UEl-
oM TV 0LOROV TV TABOYGVMV URQOOQYOUVIOUMDY KO VO,
OLaoalioEL, Ue TOV TEOTO AUTE, TNV VYEN TV ROTOVAA®D-
tdv. Kotd m dudoreia g amooteipwong, faorwds otéyog
£lvaL 1] ®ATAOTEOPY TWV OTTGEMY TOU #AWOTNELOTOU TS oA~
havtioong (Clostridium botulinum). H gxtipnon g peto-
OYC TOV OTOQWV QUTHV, RATA TNV ATTOOTELQWON), YIVETOL OU-
viifwg pe tov teoodLoewud ™ tuns (F,) M tov aoudus tmv
denaduav uewboedv toug (log Dyyy 1), 0T0 onueio Tov ue-
ToMr0U TTEQLERTN TTOV BEQUAiVETAL TELEVTALO HOLL TTOV OU-
vii0wg oupstimrel pe to yemuetowmd tov ®kévrgo. Htun (F,)
0piCeTal mg 0 WodIVaUOS XEGvog BEpuovong atovg
121,1° C tov ouvolnot xodvou mg Bepuunng eneEegyaoiog
vt peimon tov onépwyv tov Clostridium botulinum oto
YEWUETOUS REVTOO TOU UETAAMNROT TTEQLEXTY).

Audpoeg uéfodol €xovv avartuydel yio Tov VITOAOYL-
oud ™mg Bepurr|c eteEepyaoiag Twv EYRUTUDUEVMV TEOI-
uwv. Ovrhaoxéc uéBodot mov €xovv yonowomon el ev-
pUtoTo vjtav 1 yevirr] ué0odog naw m fdoeL Tov Timov ué-
Bodo¢ (formula method), wov avamtiyOnrav apywmd ot
dexaetio Tov 20 now eEehlyOnrav ueténerra’’. H yeviuy
ué0odog Paoitel mv extiunom g Oeurng ATooTElQMONS
ot UETENOT TV OEQUORQACLAIV TV TQOPIUMV LE T YO IoN
OeUoTeV Y@V TOV OTEQEDVOVTAL OTO YEMUETOIXRS REVTQO
ToU ueTohroy mepExr. H fdoel tov timov péBodog pmo-
el va mpoPréyer v Ty (F,), Baocilldéuevn ot Oepuo-
rnpaoia e Oepuuniic emeEeQyaoiog nou og Ao TEL-
papatird 0eSOUEVA TV OEQUIRMY (AQAKTNOLOTIXDV TOU
EYRVTLOUEVOV TQOPIUOV, 0TO 0T0l0 1 BgudtnTa petadi-
deton amapartitog ue aywyudtto. “Exet Sume dudgopa
UELOVERTHLOLTA, TTOU OUTOQEEOVV OITO TS VTTOOETELS TTOU N
uéfodog avti Aaupdver wg dedouévo Gt Loyiouy, GTwe
7ty OTL 0L ®A{OELS TV AoyaoLBurdy raumiimv Bouay-
ong (f,) ®ow YoEng (f,) elvar ioeg petakyd Toug ®aL 6TL 0 ov-
VIELEOTHS VOTEQNONG TG ROUTTOANS YUENE elvan oTta8edg
»au foog ue 1,40

Me ™mv avdmtuEn Tov NAEXTQOVIXRGV VITOAOYLOTHV
(H/Y) tnv teleutoic TQLomovTaeTict, avoarttiyOnroy wow dh-
Aeg néBodor vrohoyopoy e tung F,,, mov factCovron oty
Miom g eElomong petapods g BEQUSTHTOE 08 EYHUTLO-
uéva tedgLua, Tov Bepuaivovial pe aymyudmra. Avalo-
Yo U ToV TGO enihuong mc e§lomang awtg, oL aolBun-
€ u€HodoL uToEOvV va ratatayotv o dto Paoirés ra-
myooles. H modym otneileton othy memeaouévn dlagoot-
#1 ecthvon (finite difference)***™, evw 1) devteon oty me-
TeQaopEVY otouyetany enthvon (finite element)™ g e&i-
OWOoNG UETAPOEAS BeQUATNTOaS e aywyLudmTa. Avaivti-
1€g Miogig e eElomong petapoeds OeQuiTTog ue oywyL-
udmnra Tov faotfovian og ToAEG cuvBreg BEpuavong ue
dudgopeg otabepég BepuorEaoie AmooTElPWONG T®V &-
YRUTLOUEVAV TOOPIIWY avarttdyOnroy emiong wow ard di-
hovg epguvntéc'™ . H néfodog, mov Pacileton oty meme-
paopévn dwagooury entthvon (finite difference) g eElow-
NG HETAPOQAS BeQUdTTAG e ayOYUSTNTA, TUQOVOLATEL

INTRODUCTION

The evaluation of the thermal processing of canned
foods aims to determine the reduction of the number of
pathogen microorganisms and thus to ensure the safety of
the consumer’s health. During thermal processing the main
target is the destruction of spores of Clostridium botulinum.
The evaluation of spores decrease of this pathogen during
thermal processing is usually made by the determination of
the Fo value or the number of decimal reduction (log
Dyy14), at the slowest heating point of the can, which
coincides with the geometric centre. The F, value is
considered as the equivelant time of heating at 121.1°C of
the total time of thermal processing for the decrease of
spores of Clostridium botulinum at the geometric centre of
the can.

Several methods were developed for the evaluation of
the thermal processing of canned foods. The classic
methods of evaluation have been the General and Formula
and have been extensively used. These methods were
initially developed in the "20’s and have been evaluated
afterwards'’. The General method of evaluation of the
thermal processing is based on the measurement of the
temperatures at the geometric centre of the can. The
Formula method can predict the F, value, using the
thermal processing temperature and various thermal
characteristics of canned foods, which are heated by
conduction. This method has several disadvantages,
derived from the assumptions which are considered to be
true, such as the slopes of heating and cooling curves are
equal and cooling lag factor is equal to 1.40".

With the development of the computers the last thirty
years, other methods have been also developed, which rely
on the the solution of heat conduction equation for canned
foods heatet by conduction. Two numerical methods have
been used for solution of conduction heat transfer: the
finite difference method®****’* and the finite element
method™”. Analytical solutions of heat conduction
equation which are based on various thermal processing
temperatures of canned foods have been also developed by
other researchers'”. The method based on finite
difference solution of heat conduction equation has several
advantages over the other methods, because it does not
have the restrictions of these methods”, it does not require
a lot of programming and can be applied to different
changes in temperature of thermal processing such as in a
temperature drop due to lack of steam™.

The experimental data demanded by the computer
methods for the estimation of the F value of canned foods
are less, compared to those demanded by the classic
methods of General and Formula. However, beyond their
theoretical development, the computer methods must
provide experimental validation for canned products
heated by conduction®.

The aim of this work is to study the evaluation of the
thermal processing of canned pork and beef meat products
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dudpopa heovexTipata og oxEon e Tig dAhes nebddoug, e-
7eldn dev €YEL TOUS TTEQLOPLOUOTS TTOV €xoVV QTES”, dev a-
TALTOBV UEYANO TTOOYQAUUATIOUS" RO UITOEOUY £T0L VL €~
PaEuooBotv axdun xat dtav ToeatnEnfoty amoxrlicels
™ Oepprorpaoiag ®atd TV aTooTelRMON, OTMG IT.). 0L~
003N TE TTHON, MGy HElWONGS ™S TAQOXNS aTuov™,

TN g pebdovg voroyiouoy e twric F, ue H/Y, ta
mwepapotnd dedopéva, og eYRUTLOUE VO TEOMLUA, ElVaL
oA MyGTEQO O OVYRQLON UE QUTA TTOV VTTAQYOVV YLCL TLG
rhaoowég uefGdoue yeviri naw 1 fdoel tov tomov. Eto,
€0 0o T BEEITLXY TOVS vdTTuEn, oL uéBodol ue H/Y
yoeLdtetal va uehe™Bouv o 1 EQaQUoYT| TouS vo. eEeta-
o0&l petd amd mepapaTnd dedouéva og EYRVTLOUEV
TESQLU TOV BguaivovTal ue aywyLudmta’,

Zn07Gg MOUTGV NG EQYOOTOC T Titoy va pehetBein
extiunom g Oepuuryic emeEepyaoiog petTahMrdv TeQLe-
ATV e xolpeto nan féeto rpéag (luncheon meat, corned
beef ) ue ) néBodo pue H/Y mov Baoileton omyv memepa-
ouévn duapoirt] AV TG UETAPOQAS BeoudTTag Ue
QYWYLUOTITOL KO TOL OTTOTEAEOUATA TV BEMENTRDY ATV
VITOLOYLOUMV VO GUYRELOOUV Ue auTd THE »AAOORIS YEVL-
%1jg ueBGdov extiunong, wov faciCetanl o HETENON TG
Bepuonpaoiag 0To YEMUETOLKG REVTQO TOV HETAAMROU TTe-
oLéx xa’ Shn ™ dudoxera g Bepuunric emeEepyaoiag.

YAIKA KATI MEG®OAOI
IHapayoyn Tov TEoidviav

To mEOIGVTO TOU YENOLUOTOONRAV NTAV RQEATO-
oxgvdouata amo yolpelo xpéag (luncheon meat) now f6-
€10 xp€ag (corned beef) mov apaorevdobnray, drwg we-
QLYQAPETAL TOQORATM:

Luncheon meat. H otvOeon g ouvvtayng tov mpoid-
VTOG awTol Ntay, 35% yolpelo vp€ag amd eumtpdodio Te-
TaETUGELO, 10% yolpewo Aimog, 15% ved, 5% Auuo %o
35% yolpero rpéag amd movtoéta (Mmomeglexrtindmra 30-
35%). Avd w6 npeatopalag yonowomomdnxay 18 g a-
M, 3 g Spwopourd VATELO, 6 g UIYHATOS RUQUREVUATMV,
0,3 g aonopfxd vdatoo raw 0,15 g vitpddeg vatouo. O Te-
HOYLOUOC Toarypatoronionre o votte. Agyurd oo
1 AemroTEpOLOUEVN nEeaTdala ue ™ ortdia, 1o AIrog, To
veQO ra GAaL T TEGOOETA RO OTN CUVEYELX OTH MAla ow-
T avouelyOnxre 1) TOOTEUAYLOUEVT O ITTOTO TTOVTOETA.

Corned beef (yepuavirot timov). H otvBeon g ov-
VIOYNS TOV TTROLGVTOC awTov TteLelye 85% Poelo npéag a-
Tohhayuévo amd to AMog #aL 1o ouvOeTRS LoTé *ow 15%
ROMayovo amd xoipelo déppa. Avd ®hd rpeatépalag
mootéxav 18 g akdti, 3g mmépL, 0,15 g vitpddn nouw 20g
Celativn og ox6vn. Mo u€a ToLv amd Ty ToQarywyi, To
yolpero dépua Bepudvinxe otovg 100°C uéyol va naia-
1DOEL v VITOOTED uepwrt| Lelamvomoinon. Zm ovvéyela
Yoy Onre pe Tayouévo vepd rat tepaytodnue oe rpeato-
uNXovy 1e TV Thdxo Tov €xel OLAUETEO oV 3 mm ®o
QUAdyBnre uéxot mv emouévn puépa oto Yuyeio. To fdelo
%OE0C ROMNKE OE TEUAY LY 5X5X5 cm »ow et 24 hpeg aha-
TioONxE we To aAdTL o T VITEWdY. 1 ouvEyero Ceporti-

(luncheon meat, corned beef) using the computer method
based on the finite difference numerical solution of heat
conduction equation and their theoretical results to be
compared with those of the General method, which is
based on recorded temperatures at the geometric centre of
the can throughout the thermal processing.

MATERIALS AND METHODS

Meat products from pork (luncheon meat) and beef
(corned beef) were used in the present study and prepared,
as follows:

Luncheon meat. The composition of this product was:
35% of meat of pork shoulder, 10% of pork fat, 15% of
water, 5% of starch and 35% of meat of pork side (30-35%
fat). In the product were also added 18 g of salt, 3 g of
sodium biphosphate, 6 g of a mixture of spices, 0,3 g of
sodium ascorbic and 0,15 g sodium nitrite per Kg of the
meat mixture. The product was mixed in a cutter. Initially
the mixture was made from the pork shoulder, fat, water
and rest ingredients and then the minced pork side was
added.

Corned beef (German type). The composition of this
product was: 85% of lean beef free of connective tissue and
about 15% of collagen from pig skin. In the product were
also added 18 g of salt, 3 g of peper, 5 g of nitrite and 20 g of
gelatin powder per Kg of the mixture. A day after
production, the pig skin was heated at 100°C until
softening and partial gelatinization. Then the skin was
cooled with cold water and was minced using a 3mm mince
plate and was kept in a refrigerator until the next day. Beef
was cut in pieces of 5x5x5 cm and was salted with nitrite for
24h. Then the beef was heated in water (95°C) until the
temperature at the centre of pieces reached 65-67°C. The
day of production the beef was chopped in the cutter using
a knife placed in reverse because it was desired the
separation and not the cut of muscle fibres. Then the
gelatinized collagen was added in the mixture, with a
volume equal to the loss of meat during heating.

The mixture for both products were placed in metal
cans of diameter of 73 mm and height of 109 mm (ELSA
AE, Pireaus) with a weight of approximately of 420+3g.
The copper — constantan thermocouples were initially fixed
in the empty cans and then the cans were filled with the
products, were sealed and thermally processed.

Thermal processing

The cans were processed in a static retort with steam at
atemperature of 121.1+0.5°C and then were cooled with
cold water 18=1°C (under contol of water flow) and air
pressure 103.4 kPa. In each test (preparation of the
product, filling, sealing, thermal processing etc) six cans of
each product were used. At each time, two cans of the same
product were processed. The tests were repeated twice,
thus, the measurements were made in 12 cans of each
product. The temperature was measured using a tempe-
rature recorder (CMC821, Ellab, Copenhagen, Denmark).
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obnre o€ vepd Beproxrpaociog 95 °C damou 1) Bepuoxrpaoio
OTO ®EVTEO TV TENa) WV va pidoel Toug 65-67° C. Katd
™MV NUEQD TS TTALEUYMYNS TO REENS Teoi ioON®E 0TO %ROU-
TEQ U Eva parxaloL To omoio eiye tomoBemBel avdmoda (-
TOVUNTEE NTaLY O dLoYWELOUGS TV ik deouidwv naw
VAV ®naL Gy L 1 Top] TOVE) RaL 0T OVVEYELD aVOaUElyOnxre
ue To ROAMAYGVO, Ta TEGOBETA ROl OTO PElYIO AUTS TTRO-
otEBNue T6oN TOoGTNTO Lwpov, G0ES Tay RaL OL ATTWAEL-
£C TOV nEE€aTog »otd ™) Ogount] emeEepyaoio.

H rpeatépala nor twv 000 meoidvtmv tomodetOnre
0& HUMVOQLHOTC HETOMMHOVES TTEQLERTES DlapuéTeov 73 mm
rot tpovg 109 mm (EAZA AE, IMepandg) pe Pdoog me-
otexouévou 4203 g. Ta Bepuoletyn amnd xaArd-rovota-
viwvit (Ecklund, Cape coral, Florida, USA) otepemOnrov
OTO YEMUETOLXO TOVG REVTQO, TTOLV ATTS TN YEULON TV KV-
TV ®ot LETd opEayiotnzay xat odnyrdnxray yia amo-
otelpwon.
Oepunt) exeEegyooia

O petahMrol TEQLERTEC ATOOTELRWMBNX®AY OF €va OTa-
T®O AmOOTELPMTHON He atud ot Oepuoxpacio
121,1£0,5° C »ou ot cuvéyera n Yogn €yuve pe xvo veo
Oepuorpaoiag 18+£1°C (ue €heyy o ™S QUOLKNG QOTS TOV
veEoD) rou pe mtteon apa 103,4 kPa. e nd0e melpapatt-
ouo (TTOQAOAEVY] ROEATOOREVAOUATMYV, EYRUTIWON), OeQuL-
%1 emeEepyaoia ®Ar) yonopomoitnray 6 puetoddwmol ste-
QLEXTES aTTO ®AOE ROEATOOREVATUAL, TTOV UTOOTELQWDVO-
vTay ava, 2 PETaAMROL TEQLERTES ATt TO (010 XEEATOOKED-
aopo mv xdBe pod. Ou merpauatiopol exavaijgdnroy
d00 oég, £ToL oTe oL HETENOELS VoL Yivouy o€ 12 petah-
Mrotc epLénteg amd 1o ®dbe rpearoorevaoua. H xata-
YOOPH TV OEQUORQACLHOY OTO YEWUETOO REVTQO TOV UE-
TAAMHOV TEQLERTN ROL OTOV QITOOTELQWTHOA EYLVAV UE €-
va. petent Bepponpaoidv (CMC821, Ellab, Copenhagen,
Denmark).

Extipnong tng Oeouunnis eneEepyaciag (tiun Fo) pe
vevirn né00do, xabag xau pe Ty neBodo pne HYY.

H tpn (F,) mtpoodiopiotnxe xow yio tig d6o uebddovg
7o ™V axGAovon eElowon

F, = 10 ™29 gt EEio[1]

Omov T = m Oepuonpaoic 0To YEWUETOLHO REVTQO TOU
petaAhxroU meQLEnT, t = 0 Yodvog BEouavons xatz =1
Bepuorpaolani adhayn Tov amontelton Yo po dexadixy
petmon tov rudv D tov wrofiov, tov yia 1o xhwotmeidio
™mg ahhavrtiaong (Clostridium botulinum) vohoyiCetaw (-
coue 10°C.

H wun (F,) ne ™ yevini uébodo mpoodiopiodnxe (e-
Elo. 1) ue mv amevbeiog uétonomn twv HQUOXEACLHY OTO
YEDMUETOLKO REVTQO TOU UETAMMKOT TTEQLEXTY , GTIMG TTEQL-
yodoeton oo tov Stumbo'. H i (F,) pe m uébodo tov
H/Y mpoodiopiotnxe (e&lo. 1) pe pdon to Oemonuxd viwo-
LoyLoud tTwv BEQUOXQACLAV OTO YEMUETOLRG REVTQO THG
ravoéppog, o omoiog Paciobnxre oy andhovdn eElowon
UETAPOQAE BEQUATNTOS (e OyWYLUOTNTA 08 XUMVIQLROUS
meQLéntec”

Evaluation of thermal processing (F, value) with the
General and Computer methods

The F, value was determined for both evaluation
methods with the following equation

Fo — L’lO (T121.02) ¢

Where, T= the temperature at the geometric centre of
the can, t= the time of thermal processing and z= the
temperature change required for a decimal reduction of D
values of the bacterium, which is 10° C for the spores of
Clostridium botulinum.

Equation [1]

The F, value for the General method was estimated
(Equ. 1) from direct recording of temperatures at the
geometric centre of the can, as described by Stumbo'. The
F, value for the Computer method was determined (Equ.1)
using the theoretical prediction of temperatures at the
geometric centre of the can, which is based on the following
equation of heat conduction equation in cylindrical cans®:

0T /6t =a{6°T/6r' + (1/r)x (6t/6r) + 6°T/6h* }
Equation [ 2]
where T=the internal temperature of food at any time,
o= The thermal diffusivity value, t= time, r= radius of
cylinder and h= the height of cylinder.

The thermal diffusivity value (o) was estimated from
the following equation:

a=0.398/{(1/r") + (0.427/b%) } f,
Equation [ 3]
where r= radius of cylinder, b= the half height of
cylinder and f; = the value of slope of heating curve which
was estimated as described by Stumbo'.

The estimation of internal temperatures of canned
foods was made using the finite difference solution of heat
conduction equation (2) as described by Teixeira et al *. The
stability criteria of finite difference solution used in this
study (1/10, b/10 and time 30 s) were determined as
described by Teixeira ef al °. The temperatures at surfaces
of can and food were considered equal with the retort
temperature, either for heating or for cooling. The initial
temperature of products was considered uniform
throughout the canned food products. The program of
Computer method was developed in BASIC.

Although the computer method can estimate the
decimal reduction (log D5, ;) of a microorganism at any
internal part of the canned food, in our tests the estimation
was only made at the geometric centre of the can since only
then the two methods the General and Computer could be
compared.

The concentration C of spores of Clostridium botulinum
during the thermal processing was estimated from the
following equation

C=C,10"
Where Co= the initial concentration of spores of

Clostridium botulinum, t= time and D= the value of slope
of logarithmic survival of the pathogen at a certain

Equation [4]
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0T/0t=a{06°T/0r+ (1/r)x(6t/6r) + 6°T/Oh" }
E&io.[2]
6mov T = n Ogpuonpaocio 0To E0MTEQLRS TOU TEOPIROU
0€ 0TTOLOANTTOTE Y OAVO, 0= CLVTEAEOTHS BepuLnng Oudyv-
ong, t = xeGvog, T = axtiva Tov ®VAIVOpoV, h = thpog ®v-
AMvdpov.

O ovvreheotic Oeounng dudyvong () Teoodlogicdnmne
amo ™V axShovdn eElomon

o =0,398/{(1/r") + (0,427/v°) } f, EEio.[3]

Smov r = axtiva Tov ®Vuhivdpou, b = 1o juLou Tov v-
Youg Tov ®UAIVOEOL raL £, = 1 Ty Tg »Along TS rOUITY-
Mg O€puavong, Tov TEoTdLoEIoONRE GTTWS TEQLYQAPETAL
oo Tov Stumbo'.

O vITOhOYLOUGS TMV ECMTEQRMV BEQUORQAOLHV TV E-
YRUTLOUEVDV TOOPIUMYV EYLVE LE TNV TTETEQAOUEVY dLapo-
owni emtthvon (finite differences) g eElowong petapopdg
Beoudmrog pue ayoydmra [2], 6mms TeQLyQAdpeToL oto
tov Teixeira xon ovv’. To noutijoLa otabeedTrog e dua-
poEr1C eTtiAVONS TTOV KonowortoBnxay (1/10, b/10 xouw
%06vog 30s) mpoadloplotnrav, 6rtme TeQLYQApOVTL Ao
tov Teixeira zow ouv’. Ot OEQUORQUCTES THE ETUPAVELAS TOV
UETAAMKOU TTEQLEXTY RO TOV TEOPIOV BewEnnxay GTLh-
T (0eg ue ™ BeEUOXEACTN TOU ATTOOTELRWTNOA, TOTO KO-
Td ™) B€puavom Goo raw v YO&Y. H agyxn Beoporgaoio
TOV TEOLGVIMV BemENON®E GTL NTay OpOLSHOEYN 0 GAN
tovg T udta. To medyoauua g pedddov ue H/Y ava-
mtiyOnre oe BASIC.

Andun now av 1 pébodog ue HY wropet va vtohoyioet
™ denadu petwon (log D,y 1) eV pnpoogyaviouot oe
%d0g el PEQOVC TUNUOL TOV EYRUTLOUEVOU TQOPIUOV, OTA
TELEAUATA pag emAEEaue autd va YiveTol Uovo oTo YEW-
UETOLRG REVTQO TOV UETAAMAOU TTEQLERTY ETTELOT UOVO €E-
oL ot Ovo péBodor e H/Y naw yeviry Ba progotoay va
ouyrELB0UV peTa&l Toug.

H ovyrévipwon (C) tov ondpwv tov Clostridium
botulinum o dudrero Tov Yedvou g Bepunic emeEep-
yaoiag vrrohoyCovray ato v axrdhovdn eEiowon

C=C, 10" EElo. [4]

Omov C,= 1 apywn ouyrEVIQMON TV OTOMWY TOY
®Awomodiov ™mg ahhavtioong, t= yedvog xat D= 1t
™G »Aong ™ AoyaoLBuriic nelmwong g RapuToAng emL-
Blwong tov maBoydvou oe pa ouyreEXRQLUEVT BEQuorQQ-
ola.

H eEdomon g g (D) amo ™ Bepuorgacio viro-
hoyilérav amo mv eElowon

D =D, 10!™"4 E&wo.[5]

Omov Dr = 1 tytj ™ »Along g hoyooBunnic petm-
ONG TG ROUTOANG emPiwong Tov Taboydvou oty Bepuo-
roaoia avagoedg (121,1°C), Tr = Hgpuoxpaocio 121,1°C,
T= Bepuonpaoio 0To YEMUETOLRG REVTQO TOU UETAMIROU
TEQLEXRTN ®Ow Z = 1) BepuorpaoLax] alhoyn Tov amautei-
oL Yo o dexradurt] pelmon twv tuadv D tov prpofiov,
7OV Y10 Tovg 0téovg tov Clostridium botulinum vrohoyi-
Cetaw (oo pe 10°C.

temperature.

The dependence of D value was estimated from the
equation

D =D, 10!™™4 Equation [5]

Where D, = the value of slope of logarithmic survival
of the pathogen at a reference temperature (121.1°C), Tr
= temperature 121.1°C, T = the temperature at the
geometric centre of the can and z= the temperature
change required for a decimal reduction of D values of the
bacterium, which is 10°C for the spores of Clostridium
botulinum.

With the Computer method, the number of decimal
reduction (log Dy, 1) of spores of Clostridium botulinum
was estimated according to Rodriguez et al. *.

With the General method, the number of decimal
reduction (log Dy, 1) of spores of Clostridium botulinum
was estimated from the counted F value, as described by
Stumbo'. The minimum number of spores of Clostridium
botulinum, which was assumed to be found at the geometric
centre of the can before the thermal processing, was 1 for
the estimations either with the Computer or with the
General methods.

Statistical analysis

Statistical analysis used the F-test for the comparison
of variance and t-test for the evaluation of difference in
mean values. If evaluation showed that variances were
equal or different the appropriate t-test was used at a level
of significance (P<0.05).

Chemical analysis

At each test the chemical composition of the two
products was determined. The total fat, moisture, total
proteins and ash, were estimated according to methods of
AOAC™.

RESULTS AND DISCUSSION

Chemical and thermal characteristics of canned products

The chemical composition of canned meat products is
shown in Table 1 and is typical of these products. Table 2
shows the thermal characteristics of luncheon meat and
corned beef in cans (73x109 mm) during the thermal
processing at 121.1°C. The mean values of slopes (£},) of the
heating curves and the heating lag factors (j;,), were higher
(P<0.05) for the cans with luncheon meat than for the cans
with corned beef. However, the mean values of thermal
diffusivity (o) were higher (P<0.05) for the cans with the
beef product than this with the pork product.

The values of thermal diffusivity (a) were also
estimated by other researchers**"*" using the slopes of
heating curves (f;,) for other canned products heated by
conduction. The values of thermal diffusivity (c) estimated
for the canned products of the present study are in
agreement with the values reported by other workers
(review of ASHRAE)".
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Me ™ uéfodo pe H/Y 0 aoBuds tomv dexadinmv peun-
oewv (log Dyy; 1) v onépwv Clostridium botulinum vmo-
LoyloBnure obugava ue tov Rodriguez now ouv?’.

Me ) yevirr] né00do 0 aBude Twv deradindy pewm-
oewv (log Dy,; 1) Tov 0t6ov Tov Clostridium botulinum v-
ohoyiobnxe amo v teoodioprobeioa i F,, dmwg me-
orypdgetol amo Tov Stumbo'. O ghdyiotog apLBudsg twv
onépwv tov Clostridium botulinum wov vTotéOnxe oL V-
TNOYE 0YLHA OTO YEMUETOLKO REVTOO TOV UETOAMKOD TTE-
oténtn oy artd ™) dradiraoio g BEpuavong frav 1 téoo
YLOL TOUG VITOAOYLOUOUS e T wéBodo pe H/Y Goo »au pe
vevirn uébodo.

Mivaxag 1. Xnwunij ovvBeon twv eEeTa0BEVTMY TQOTOVTWY.

IIgoiov Yyoacia % Airog% Ilgwteives% Tépea%
TTeQiéntng 71,7x0,5 4,4+0,2 21,6+0,3 2,1%=0,1
Boetov np€arog

TTeQiéntng 57,5+€0,4 21,2+0,3 13,3x0,2 2,3%0,1
XOLQLVOU RQEATOG

Table 1. Chemical composition of examined products.

Product Moisture % Fat%  Proteins% Ash%

Corned beef 71,7£0,5 4,4+0,2 21,603 2,1+0,1
Luncheonmeat 57,504 21,2+0,3 13,3x0,2 2,3+0,1

IMivaxag 2. Oeouind X0QURTNOLOTIXA LeTOMX®OY TeQLertdv (73x109 mm) pe xoLpve ®QEag ot BOEL0 ®OEAS 08 ATOOTEIQMON e ATUG

orovg 121,1°C.

ITgoiov Agynn Oeouoxrgacia Xodvog avédov  Khion zapmidng  Xuvreheotiig Xuvreheotiig
Oeouoxrgacia  amooteigmong  otn Oeguoxgacio  Oéguavong Tov  VOTEENONGS TNG Oeouintig
ATOOTELYMTI|OA (o) 0T00TEIRMONG TEOIGVTOV ROPTOANG dudyvong tov
(68} (min)® (fh)* 0éouavong mEOIGVTOV (0r)
(hy (m*s™)’

TIepiénmg 23 121,1 20=x0,40 56x0,21 1,35+0,16 1,26x 107+0,05
XOLQLVOU RQEATOG

IMepiénmg 23 121,1 20+0,40 510,23 1,20=0,18 1,38x 107+0,06

Boetov np€arog

* ME€00g 6pOog=TumLxt| aorALon

Table 2. Thermal characteristics of cans (73x109 mm) of luncheon meat and corned beef during thermal processing with steam at 121.1°C.

Product Initial retort Thermal process Come-up time to  Slope of heating Lag factor of Thermal difussivity
temperature temperature (°C) thermal processing curve (fh)" heating curve (jh)" value (a)
() temperature (min)” (m*s™)’
Luncheon meat 23 1211 20=0.40 56x0.21 1.35+0.16 1.26x107£0.05
Corned beef 23 121.1 20=0.40 51%+0.23 1.20+0.18 1.38x 107+0.06

* Mean value =Standard deviation

Lratiotixn avdivon

Zm otatiotr avdluon epapudotnre to F test yia tov
EAEYYO TV JLOKVUAVOEMVY %L TO t-test Lo Tov EAeYYO TV
HEowv Spmwv. Avaloya edv ot dtorvpdvoels Tmv deryud-
TV NTay (06 1 OLpOQETIRES EPAEUSTONRE TO AVTIOTOL-
o t-test oe enimedo onuavurdmrag (P<0,05).

Xnuxn avdivon

e nd0e TELRAUATIOUS YVETAY YNxy ovalvon Twv
dvo mpoildvtmv. ITpoodioptdtay 1o oMxd Aimog, n vyea-
oia, 0L OM®ES TOWTEIVES RO 1] TEPOEQ, OUUPWVO e nedo-
dovg (AOAC, 1989)".

AIIOTEAEXZMATA KAI XYZHTHXH
Oeguind (UQUXTNOLOTIRG EYRVTIOUEVOV TQOPINOY
H ynunti 000taon Tov eYRUTLIOUEVOY RQEATOOREVOL-

The value of thermal diffusivity (at) is decreased with
the decrease in moisture of foods as reported by Riedel®
and this is in agreement with the results of the present
study. The measurements of moisture, as shown in Table
1,was 57.5+0.4 and 71.7+0.5 for the cans of pork and beef
products, respectively.

Evaluation of thermal processing

Table 3 and 4 show the evaluations of the thermal
processing with steam at 121.1°C of both canned meat
products using the General and Computer methods, by the
end of either heating or cooling phases. The results showed
that there was not significant difference between the two
methods for either the Fo value, or the decimal reduction
number (log Dy, ;) of the initial population of the spores
of Clostridium botulinum at the geometric centre of the can
by the end of heating or cooling phases. Comparing the
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Mivaxag 3. Extiunon mg Beouuniis emeEepyaoiog petadnav meprextdv (73x109 mm) pe xo1ouve xeEag ®ow fOEL0 ®QEg 0T SLAQUELL TG
B€puavong yia aootelpmon otovg121,1° C ndvovrag xoron twv uefddwv yevin xow e H/Y.

Bafpoi axooteigwong A1Buog deradindv Tehaxr) Oeguorgacia
Fo value min’ perooenv (log Di21,1) OTO YEQUETOLRO REVTQO
Clostridium botulinum’ tov egLéxtn (°C) °
ITpoiov Agyuen Xodvog I'evien Mé€6odog I'evien M¢€0odog Iewgopativry MéEBodog
Oeouoxpaoio (min) néBodog ne H'Y né0odog™ ne HYY ne HYY
mpoidgvrog (°C)  Ofppaveng
MMegiéntng 23 96 2,29+0,20 2,21+0,16 10,90%0,95 10,60+£0,42 116,06+0,24 115,90+0,18
X0LQLVOU nQE€aTOg
IMepuénmg
Bdgwov npéarog 23 91 2,14+0,23 2,18+0,19 10,19%£1,09 10,41+0,54 115,89+0,28 116,03+0,21

* ME€00g 600G TumLnt| Ato®ALOm.

#* O apBuog TV SRV HEUDOEWY VITOAOY 00N ®E oVpmVa ue Tov Stumbo’ yior apytxd TAnOuoud 1 orépov tov Clostridium botulinum oo yemue-
TOLRO REVTOO TOU TTEQLEXT KA YLOL XOOVO (00 te Ty vtoroyioBeioo tun Fo g yevuriig ueb6dov otovg 121,1°C.

Table 3. Evaluation of thermal processing of cans (73x109 mm) with luncheon meat and corned beef during heating of thermal processing

with steam at 121.1°C using the General and Computer methods.

Fo value min” Number of decimal Final temperature at
reduction (log D121.1) of the geometric centre
Clostridium botulinum’ O’
Product Initial food Time (min) General Computer General  Computer Experimental Computer
temperature (°C) ofheating method method method” method method
Luncheon meat 23 96 2.29+0.20 2.21%0.16 10.90%£0.95 10.60+£0.42 116.06+0.24 115.90+0.18
Corned beef 23 91 2.14+0.23 2.18%+0.19 10.19£1.09 10.41+0.54 115.89+0.28 116.03+0.21

* Mean value +=standard deviation.

** The number of decimal reduction was estimated according to Stumbo' for initial population of 1 spore of Clostridium botulinum at the geometric
centre of the can and for a time equal to this of Fo value estimated with the General method at 121.1°C.

oudtov gaivetal otov Mivaxra 1 zau elivol Tomny autdv
v 71oitévTv'. Zrov Iivaxa 2 gaivovrol to Beound, yo-
QUXTNOLOTLA TV PETAAMKADV TteQLeRTAV (73x109 mm) pe
yorowo ®eéag (luncheon meat) xow féewo vpéog (corned
beef) xata v amooteipmon Toug pe atud otovg121,1°C. H
UEOM TLUY] TOV SETYUATOS TMV TLUADY TWV RAMOEWV TOV KO-
urtihwv B€ppavong () now Twv ouvteleotdv Oeourig v-
otéonong (j,) rav ueyaiivteon (P<0,05) yia tovg petah-
Mrovg meQLErTes ue xolpvo rpéag (luncheon meat) amo
™MV avTioTOLN YLe TOUS UETAAMROTS TEQLEXTEC e POELo
®o€ag (corned beef). Ze avtifeon, n uéon tur tov dely-
HOTOS TV OUVTELEOTAV Ogpmuniic dudyvong (a) Hray pe-
yohttepn (P<0,05) yio toug petahhxoic mepLéxtes féeton
%QEATOS AUTTO TNV AVTIOTOLY YLOL TOVS UETOAAMROVG TTEQLE-
UTES UE YOLOLVO RQETGS.

OL Tipég Twv ouvieheotdv Oeouirng dudyvong (o)
700dL0EloON 1Ay ®aw oo dAhovg epevyNTEc™ " ne
¥O1joN TV ®AloEMV TV RoumiAmv B€puavong (fh) yuo aA-
AL eYRUTLOUEVOL TTEOTOVTA TTOV BEQUAIVOVTOL UE ayYLUG-
™mra. Ou Tég Tmwv ovvteheotdv Oepuuntg dudyvong (o)
7ov vohoyionrav yo ta eEetacfévia eyrvTiopgva
meoidvTa ™S taotoas pehétg (Iivaxrag 1) elvon og ovu-

recorded temperature with the predicted temperature from
the computer method at the geometric centre of both
examined cans, results showed that there was no significant
difference (P>0.05) between them, during the heating
phase (Table 3), while a significant difference (P<0.05)
between them was observed by the end of cooling (Table
4). The presence of significant difference (P<0.05)
between the experimental and estimated with the computer
method temperatures by the end of cooling, did not affect
the estimation of F, value of the two methods during
cooling, as reported earlier. It is known that the F_ value is
accumulated at initial stages of cooling phase, because at
this time there are higher temperatures than the end of
cooling at the geometric centre of the can. This fact does
not affect the total F,, value'.

Table 5 shows the total final Fo value as well as the total
decimal reduction number (log Dy,;) of Clostridium
botulinum from estimations made using the General and
Computer methods. The total decimal reduction number
(log Dy, 1) of Clostridium botulinum at the geometric
centre of both cans, a fact that ensures the minimum
demands for the consumers safety'”.
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Iivaxzag 4. Extipnon g Bgourtig amooteipmong wetadxdv meplextdv (73x109 mm) pe xotove ®o€ag vouw BOeL0 ®QEag 0T dLAQUELN TS
PYU&ENg netd amd amootelpmon otovg 121,1° C ndvovrag xoron tov ue06dwy yevini xow pe H/Y.

BaBpoti aroorteipmong A1Buog dexadindv Telxrr) Oeguoxngaoia
(Fo)® pewvoenv (log Di21,1) OTO YEQUETOLRO REVTIQO
Clostridium botulinum’ tov epLéxntn (CC) °
ITgoiov Agyunn Xoovog Ievirny M¢€6odog I'evien M¢€0odog  Iewgopativyy MéEBodog
Oeouoxpacio (min) néBodog ne H'Y néodog™ ne HIY ne H'Y
mpoidvrog (°C)  Ofpuaveng
Luncheon meat 18 20 1,02+0,18 0,93+0,15 4,85+0,85  4,46+0,39 65,10+0,56  62,40+0,33
Corned beef 18 20 0,84+0.11 0,91+0,10  4,00£0,52  4,29+0,27 55,60+0,42  58,20+0,29

* ME€00g 6OG TUmLAY] ATTOHALOT.

#* O apBu6g TV SeradMV HELHOEWY VItohoYi00N®E o¥upmva ue Tov Stumbo’ yia apyxd minduoud 1 ondoov tov Clostridium botulinum oto yemue-
TOWRO REVTOO TOU TTEQLERTH RO YL XOOVO (00 1e v vrohoyroBeioo mun Fo g yeviurig uebédov atovg 121,1°C.

Table 4. Evaluation of thermal processing of cans (73x109 mm) with luncheon meat and corned beef during cooling of thermal processing

with steam at 121.1°C using the General and Computer methods.

Fo value’ Number of decimal Final temperature at the
reduction (log D121.1) of geometric centre of can
Clostridium botulinum’ o’
Product Temperature of Cooling time General Computer General Computer  Experimental Computer
cold water (°C) (min) method  method method” method method
Luncheon meat 18 20 1.02+0.18 0.93+£0.15 4.85+0.85  4.46%+0.39 65.10+£0.56  62.40+0.33
Corned beef 18 20 0.84+0.11 0.91+0.10  4.00£0.52  4.29+0.27 55.60+0.42  58.20+0.29

* Mean value =standard deviation.

** The number of decimal reduction was estimated according to Stumbo’ for initial population of 1 spore of Clostridium botulinum at the geometric
centre of the can and for a time equal to this of Fo value estimated with the General method at 121.1°C.

Qovio Ue TLS TUES TV TTEOTOVTMV TTOU £x0VV avagpepbel a-
o dhhovg  epevvntég  (Buprloyoapriy  avagopd
ASHRAE)".

H tuu] tov ovvteheoty Beppunnic dudyvong (o) pewdve-
TOLL [LE TN LEION TNG VYQOOTOS TOV TEOQILOV GTtmS avaLpE-
pet 0 Riedel”»ow avtd elval o€ uUPOVIN (e TO ATTOTEAE-
oot e oeovoag ueléme. Ouuég g vyoaoiag, Srmg
alvetan row and tov [ivora 1 qrav 57,20,4 zow 71,7+0,5
YLOL TOUG UETAMMROUE TTEQLERTES YOLRETOV 1oL foelov ®QE-
OTOC AvTioTOLYCL.

Extipnon g Oeouuxiis eeEepyaoiag

Ztovg [Tivaneg 3 now 4 paivovron oL exTiuioeLs g Ogp-
pric emteEepyaoiog pe atud otovgl21,1°Ctmv §bo eyrv-
TUOUEVDV TIROTOVTWY #AVOVTOC X010 TV PeBSGdmV, yevirr
rou pe HYY, 1600 oto 1éhog ™ B€puavons 600 rou thg Yo-
Enc. Ta amoteléopata €delEav Gt 0to TELOS TOv #ABE oTa-
dtov dev vmipye onuavtry dLapoEd HeETAED Tmv dVo ue-
068wv vtoroyopnov (P>0,05), téoo oyt F,, 600 non
oToV aEWOUS TV deradnay pewdoewy (log Dy, 1) Tov ao-
¥Wwo¥ TAnBvouos twv ortdpwv tov Clostridium botulinum
OTO YEMUETOLXG REVTQO TOV UETUAALKOT TTEQLEXRTT. ZUYRQL-
VOVTOC TNV ROTAYQOPE IO TTELOALUOTIXY OEQUONQAOTa Ao
ta Bepuolevyn pe v virohoyloOeioa BepuorQaoio ue
1éBodo ue H/Y 010 YemUETOIRS REVTQO AUPGTEQMWY TMV &-

It is important to note that the General method is one
of the most reliable methods of evaluation of thermal
processing of canned food products because this method
relies on real data of temperature recorded from
thermocouples in cans. Based on the results of present
study and the comparison of the General method with the
Computer method, it is concluded that the developed
computer method could be used for the evaluation of
steam thermal processing of lunceon meat and corned beef
cans. This in agreement with conclusions of other
researchers,”'*"**', who found the finite difference solution
of heat conduction equation in canned foods can be used
for the prediction of internal temperatures and evaluation
of thermal processing. It is also important to note that
various shape cans with metal or plastic wall have been
studied with the computer method", but the cylindrical****
and rectangular™*"** shape cans have been mostly studied.

In the present study by the end of cooling, the
diversions of the temperatures recorded at the geometric
centre of the can from those predicted with the computer
method, may be due to several factors like heat transfer
coefficients**** from can wall that can affect heat
conduction equation, which were not estimated in the
present study, the change of thermal diffusivity (o) in low
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EeT0006VTV HETOMMRMV TEQLEXTAV, TO, OTTOTELEOUATA, €-
detEav ot dev vmiEye onuavtiry dtapoed peTaEv Tovg
(P>0,05) oto téhog g BEQuavong g amooTelpmaong
otovg 121,1° C (Tlivaxrag 3), eva oto t€Aog Tg YiEng v-
mjeye onuovtiry drapoed uetak tovg (P<0,05) (Iiva-
rag 4). To yeyovis mg traeEng onuaviric duagodg
(P<0,05) neta&l g metpapatinic ®aL e VITohoyLobei-
oag pe ™ uébodo ue H/Y Bepponpaciog ato t€hog mg yi-
ENG, paiveton ot Ogv EINEEACE TOV VITOAOYLOUGS TNG TLUNS
(F,) amo ™ uébodo ue H/Y, e’ Goov dev vjoyay onua-
virég duapoeég (P>0,05) tov tudv (Fo) petaky twv ddo
nebdmv oty Yikn, dmme avapépnre mponyovueva. Ei-
vauw yeyovog ottt (F,,) abpoiletar ovoraoionnd oty
a1 TS YPOENG, Grrov emrpaTovy vyMAGTEQES Bepuonga-
oleg og OYEoM TOC TO TEAOS TN YIENG OTO YEMUETOURG HE-
VIO TOU UETOMMROU TTEQLEXTY RO TTOV OEV ETTNEEGLOVY T
ouvvohry i mg amootelpmwong (F,)'.

Zrov [ivaxa 5 gaiveton 1 ouvolxy] tehwrr| uy Fo, xa-
B¢ ®aL 0 CLVOMRGS 0ELOUGE TV dERADRDV HELDOEWV
(log D1y 1) tov Clostridium botulinum, pe viohoyiopovg
7OV EyLvay ®AvovTog XEYon Twv neBGdwv yevirn nat pe
H/Y. H cuvolry dexadiny pelwon twv ondpmyv Tou
Clostridium botulinum oto Ye®UETOLRG REVTQO AUPOTEQMV
TOV PUETAAMRDV TEQLEXTMV YTy peyahiteon twv 12 hoya-
iBpwv (Ilivaxrag 5), yeyovdg mov dtoopakilel Tig eAdyt-
OTEC ATOULTHOELS YLC. TNV AOQPAAE LD, TOV RaTavolwTi™.

Eivaw onpovurd va tovioBel ot 1 yevixn uéBodog ei-
vau pia amo Tig ThEov aELomoTes peBGd0UE EXTIUNONS TV
EYHVTLOUEVV TIQOIOVTMYV, eLdN] faioileton oe moayuatt-
%d Oedopuévo BEQUOREOCTOE TOV LATAYQAPOVTAL AITO TO.
Bgppolevln oto petahnd mepLért' . Baolduevol ota
awoteAEoUATA TS TAQOVOUS UEAETNS ROl 0T OVYRQLON
™G yevirng ueBGdov ne m nuéBodo pe HYY, ovpmepaivetan
St uéBodog pe HY Ba pmopovoe va yonowwomomBet yuo
™V extiunon mg Bepuuntic eneEepyaoiog Twv eyruTLOUE-
VoV TEOIGVTIMV Xotpelov xpéatog (luncheon meat) zou f6-
e1ov x€atog (corned beef) zatd ) Oy Tovg emeEep-
yaoio pe atud. Avté elvol 0g CUIPOVIL LE TA CUUTTEQC-
opora, ®ow MY egevvnTdv ! rov Beweoty Gt te-
eaopnévn draoort entihvon (finite differences) g e-
Elowong pnetagodc OepuETTaS He aywyLudT™Ta OTd. €-
YHRUTLOUE VA TOOPLU, WTOQEL VoL yonotnoson el yio v
TEGPAEYN TV ECWTEQLRMV BEQUORQUOLDV RAL YLOL TNV E-
®tiunon g Beouniig emeEegyaoiog. Ilapd to yeyovdg
1 u€Bodog av peheTiBnre og dLAPOEO OYNUATOL TEQLE-
®TdV pe petalnd vj mhaotnd toryduata”, o xigLog -
YXROG TV TELQAUATIRDV OTTOTEAEOUATMV TTROEQYETAL OTTO
TG uEAETES OV Eyivay pe vUMVIEIROTH** ran ogbBoywviov
oA niemmédou™ ¥ gyrjuatog TeQLEXTES. STV O
0v00 HEAETY, OL ATTOXAIOELS TV BEQUORQACLDV OTO TE-
hOg TS YPUENC IOV et Bn®av 0To YEMUETOLRG REVTQO
TOV UETAAMRDV TEQLEXTAV Ue TaL Beouoletyn and exeilvec
mov vtohoyioBnxav pe ™ uéBodo pe H/Y, umopel va o-
pelhetar og dudpoea alTia, GTIme 0TO TOTYMUA TOV UETAA-
Mr0o0 eQLéxnTn mov enneedlel vy eElomon petapoedg
0eQUATNTOC LECM TOV ETUPAVELARDY GUVTEAETTMV ALYDYL-

IMivaxag 5. ZHvoho Babudv arooteipwong (Fo) xow aotBuot de-
®nadwmdv uerwoemv (log D121,1) ™mg Bepuntic amrootelpmong we-
Tohr@OV TeQLertav (73x109 mm) pe xowve rpéag xat BGELo
%p€ag o) dudpxrela g Bepuuntis emeEepyaoiag (B€ouavong o
PYi&ng) otovgl121,1° C ndvovrog x1on Twv pefodmy yeviu xou
ue H/Y.

BaOpoi AgBudg denadindv
0O0TEIQMONG petdoenv (log Di21,1)
(Fo)* Clostridium botulinum®
Igoidv I'evizri Mé€Bodog I'evixn Mé€60odog
uébodos” peH/Y  péBodog pe H/Y
ITepiénmg 3,31 3,14 15,75 15,06
XOLQLVOU RQEATOG
TIepiénmg 2,98 3,09 14,19 14,80

Bderov np€atog

* ME€00g 600G =TUmLAY] ATTORALON.

** 0 aLnog Tmv dErAdAMV LELDHOEMY VTOAOYIOONRE CVUPMVOL UE TOV
Stumbo1 ya apyrd Tinbuous 1 orépov tov Clostridium botulinum oto
YEMUETOLHO REVTQO TOV TEQLEXTY) KL YLOL XOOVO (00 e TV vitoroyLodei-
oa i Fo mg yevirng uebodov otoug 121,1°C.

Table 5. Total Fo value and number of decimal reduction (log
D121.1) of thermal processing of cans (73x109 mm) with luncheon
meat and corned beef during heating and cooling of thermal
processing with steam at 121.1°C using the General and
Computer methods.

Number of decimal
reduction (log D121.1) of
Clostridium botulinum’

Fo value’

Product General Computer General Computer
method” method method method

Luncheonmeat  3.31 3.14 15.75 15.06

Corned beef 2.98 3.09 14.19 14.80

* Mean value £standard deviation.

** The number of decimal reduction was estimated according to
Stumbo' for initial population of 1 spore of Clostridium botulinum at the
geometric centre of the can and for a time equal to this of Fo value
estimated with the General method at 121.1°C.

temperatures™, or in a non uniform temperature of cold
water and improper temperature recording during
cooling™". By the end of cooling, other workers observed
diversions of recorded temperatures from those estimated
with the computer method based on the finite difference
solution of heat conduction equation®®.

In conclusion, the computer method based on the finite
difference solution of heat conduction equation, can be
used for the evaluation of thermal processing of canned
luncheon meat and corned beef in cylindrical cans (73x109
mm) and for the estimation of F,, value as well as the total
decimal reduction number (log Dy, 1) of Clostridium
botulinum, without the requirement of direct recording of
temperatures at the geometric of the can™. a
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udtnrac™*? ot didorera g Yo&ng, wov dev vtohoyi-

otrav oty Taovoa pehéty, ot uetafoir Tov ouviehe-
ot Ogpuurtig dudyxvong (a) otg yauniéc Bepuorpaocies™,
1 0TV avopolopoepia e Oepuonpaaciog Tov vepov g
YOENGS naL oty 00BN natayear| ™ Bepuonpaciag av-
©ig™". 210 1éhog ™ YUEng, dAhot epeVVNTES TaRATIiON-
o0V amérALOT TV OEQUOXQAOLMY TTOV UETET|ONKAY OTO YE-
MUETOLRS HEVTQO TOV UETAAMAMDV TEQLEXTDV TMV TTELQOL-
UATMV TOUES 0TT0 EXEIVES TTOV VITOLOYIOON ROV U T LEBodO
ue H/Y mov faciCeton oty memepaopévn duapooiry| emti-
Avon e uetagopds Beoudtrac™.

SuumeQaouatird howtov, n uéBodoc we HYY mov faot-
Cetaw ot drapopuny] emihuon e netagode Bepudtntag
UE AYOYLUOTNTO, UTTOQEL VO XONOLUOTOLNOEL Yo TV eXTi-
unom e Oeourng emeEEQYNOTOS TMV EYRUTLOUEVMY TTQOL-
ovtwv yowpetov (luncheon meat) xou foelov nEEatog
(corned beef) oe #VMVIQIHOVS UETAMIROUC TEQLERTES
(73x109 mm) now vo vrrohoyroBei téoo n ryi (F,) 600 nawy
hoyaBuuxn peimon tov aBuot twv otépwv Clostridium
botulinum, ymic va yoeldletal N GUEOT RATAYQOPY TV
BEQUOXQUCLDV OTO YEWUETOLHOS REVTEO TOV UETAAMHLOU TTE-
ouExm™. a
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