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ABSTRACT

A 1otal of 150 fresh samples of fish. beef and chicken (80 sanples for cach) were
collecied from different retail stores in Alexandria. Samples were examined microbioloy-
tcally in it s fresh state (prior cooking) and after microwave cooking (inunediutely atl
after G hours of cooking} . Results indicated that the mean (log CFU/gmy lotal aer-
ohic haclerial counts of uncooked fish. beef arud chicken samples were as follows:
5.700 1o 10. 5.627 log10. 5.863 log 1 O; respectively. However, the (otal aerobic hacteri-
al counts af post microwave cooked fish, beef and chiclken sainples (immediately afler
cooking and after 6 hours cooking) were 3.651 log10. 3.066 tog19, 2.978 oyt and
4.870 loyi0. 5011 l0gl10, 4,159 log 10 for immediately and after G hours: respectively
with a significant difference between total aerobic bacterial counts of uncooked and
post microwave cooked samples. Moreover, in fish samples. there was a decrease in
the percent of bacterial survival from 100% for uncooked to 14% for immedialely ane
6% for afler 6 hours after cooking, respectively. The percent of bacterial survival of beef
and chiclken samples was decreased from 10006 of uncooked samples lo 14%, 10% in
beef and 20M%. 8% in chicken samples for immediately after cooking and after 6 hours
cooking. It was also reported that the nean valites (mean log cfu/gny of total yeast
and mould counts of fish samples were 4.995 log10 for uncooked, 3.075 log 10 for i
mediately after coalding and 4.100 log 10 for after 6 howrs cookiing. wtth a significart
difference between total yeast and motdd counts of therm. The percenit of survival was
decreased frorm 98% in uncooked fish sainples to 28% and 106% (n post nicrowvave
coohed samples (immediately and after 6 hours cooking). Concerming beef samptes. 1he
mcean {olal yeast and sould coun(s were found il unecooleed (5.327 log 10} jJollowwed by
nfter 6 hours cooking (4.279 log L0) and immediately afler cooking (2.945 log 1 0). Moreo
ver. 24% of beef samples showed yeast, mowld survival, immediate'y after coolcing but
afier G hours cooking, 22% of beef sampies showed yeast and mould swvival. In case

nf chicken samples, the mean levels of iotal yeast and mould counts were 4.479 logl0,
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3.238 log10 and 4.509 log10 for wncooked and post microwave cooked (immediafcly
and after 6 hours cooking: respectively). At the same time, yeast and mould survival
was decreased ajter microwave cooking (immediately and afler 6 hours) from 96% for

uncoolced to 14% and 12% for itmnediately and after 6 hours microwave cooking.

Owr results also indicated that the percent of survival of Salmonella. Shigella. Staph
anreus isolated from uncooked fish samples were: 10%. 4% and 28%; respectively.
while after microwave cooking (inmediately and after 6 hours cooking). no suwrvival
were oblained except in case of Staph aureus, where the percent of survival was 4%
for immediately and 2% for after 6 hours. Both uncooked and post microwave cooled
Jfish sainples showed no survival of listeria monocytogenes. IT was found that, (he «n-
cooked beef samples showed Salmonella. Shigella, and Staph aureus swrvinal with a
percent of 6%, 2% and 24%. respectively. While afier G hours microwave cooking. the
percent of suvival were decreased 1o 2%, 0% (non swuival), 2%. In case of listeria nion-
ocjtogenes, no survival were observed in both uncooked, post microwave cvolced beef
sanples. Regarding chicken samples, the isolated Salmonella. Shigella, Staph aurcus
showed survival of 4%. 4% and 16%: respectively. After microwave cooking (immediate-
Ly after cooking) the percent of survival decreased to 2%, 0%, 6% and to 2%, 0%. 2% af-
ter 6 hours jor Salmonella, Shigella and Stoph aureus, In general our results indicaicd
thal microwave cooking of the examined fish, beef and chicken samples were effective
in significant decreasing the total aerobic bacterial counts, and total yeast and mould
counts. The survival of bacteria, yeast and mould decreased after microwave cooking
and the percent of survival of isolated Salmonella, Shigella, Staph aureus organisins
were also decreased after microwate cooking, while listeria monocytogenes cotiled nol
be isolated.

INTRODUCTION

One of the primary objectives of the cooking process is the therm:al destruction of mlicro-
orpanisms. thus [ood are usually heated in such a manner that they can be consumed with a
high degree ol safety. [ has been reported that conventional cooking reduces the usual microbio-
logical contamination In food to levels thal represent little food poisoning danger to the consu-
mer. One ol the new methods of food cooking include mierowave cooking, It Is gaining accep-
tanec bheeause it is fast and convenlent and also. saves cnergy. The hcaung of foud tn a
nicrowave oven results from molecular {riction between water molecules under an osclllating

electric ficld ol speelfle frequeney. The question has arisen whether, microwaving is effcclive in
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Litang micro-organisms. Concerns based on the startey 1ime cmploycit in milerowave cooking and

in the lowown heterogencous nalure of food heatfug process (Evans et al., 1995 , Allison Hill,
1998),

Nnmerous stadies address (e effect of niicro-wave healing on patbogenic microorganisins in
londs. Bacleria reported ro be inactivated by microwave heating of foods include listeria MONOCY -
togenes. Staphyleeoccus aureus, and Salmonella (Rosenberg and Boglw 1987, Knutson
etal,, 1987 Heddleson and Doores ,1994).

The non unitorm heating by merowave may lead to survival of food borne pathogens includ-

ing Salmonclly, listerla monocytogenes (Gessener and Beller, 1994 | Lundetal.,1989).

[t was reported thal bacteria were niore resisiant to therimal inactivation by microwave heat-

ing than ycast and moulds and baclenial sporcs were more resistani than vegelalive cells (Im-
sunwoo etal,. 2000) .

Two mechianisis are proposcd for tnactivation of microorganisms by microwave cooking. The
fitst stite. milerowave cookiny inactivale microorganisms centirly by heal throngh mcchianisms
comparable to other biophysical process induced by heal such as denaturation of ¢nzymes, pro-
teing, tateleic aeid or ather vital cotmponcnts ux well as disrgption of membrances {Heddleson
znd Doores 1994). There is no question as to the validity of this nechanisins. A sccond pro-
posed mechanism lor inactlvation involving non thermal effeets. Four predominant 1heories have
been usced 1o explain non thermal {naclivation by microwaves: selective heating, clectraporation,

cell membrance rupture and magnetic ficld coupling (Mudgett 1989}

The scleetive heating theory siates that micro-organisins arce heated more cffectively by micro-
waves (han (he surrotmding mnedlum and (hus kill more readily. Electroporation ls cansced when
pores rclated i the voltage drop across the membrane cause it to supture. I the fourth theory,
cell lysis occurs due fo coupling of electromagnetic energy with crilical molecules within the

cells, disrupting intermal eomnponerts of the cell. (Kozempel etal ., 2000).

It was lound that fond borme pathogens such as listeria monocylogenes, Staphylococcus and
Salionella spp. EHave been the focus ol most studies of microwavable food saletly, prinmarlly be-
cause ol (heir uliguilous nalure and prevalence In cansing fond burne illness (Heddleson and
Doores 1994).

As Ibodbome jllness have substantial impact on public health (Tedd 1990} and destroction al
various pathiogens in (meatl by microwaves has generaled considerable interest. So (he amu ol the
cirrenl stndy was focussed on the miicrobiologieal sialns of some microwave cogled (vods as

becel, lislt and chicken meals.
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MATERIAL AND METHODS
Sampling :
A total ol 150 (resli samples (50 of each of [ish, beef and chicken meats) were collecied from

dilferen! retall stores h Alexandria. The samples were transported o the laboratory in an Insu-

lated lcc box with a minimum of delay. then they were examined in its fTesh state (prior cookingg.
Microwave cooking :
The samples were covered and subjccted 1o cooking in a microwave oven of 970 Mz (requen-

cy at lull power (600 W}, and according to the manufacturer’s instrucions, Then they were ex-

amined lmmediately and after a standing pcriod of 6 hours (post microwave cooking).
Microbiological procedures
* Total aerobic bacterlal counts

Deccimal dilufions of the sample (25 grams) were niade witb buffered peptone waler and 0.1

ml ol cach dilulion was spread on the surface ol duplicalc plate count agar (Oxoid CM 463)
plates. Alter incubation al 30°C for 48 h, colonles were countcd and (e counts were muliiplied
Ly the dilution factor as CFU /g (Iso reference method 2293, 19786),

* Total yeast and mould counts

Samplc dilutions werc spread on Sabouraud dcxirose agar plates (Oxoid), incubated at 25°C
for 5 days and counted as previously mcntioned. Doublul colonles vrere stained with lactophe-

nol cotton bhic and examined mlcroscopically (American Public Health Association 1992].
* Isolation and ider.Uflcatlon of Salmonclla species (U.S. FDA 2003).
* Isolation and idcnlification of Shigella specles (U.S. FDA 2003).
* [solalion and identification of Staphylococcus aurcus (U.S. FDA 2003).
* Isolation and identlfication of Listeria monocytogenes (U.S. IFDA 2003).

ldeulilication was cone as described by Harvey and Glimour (1992).

RESULTS

Table (1) presented the effcet of microwave cooking of the cxamined food samples (lish. becf
and chicken) on lotal aeroble bacterial counts. Conecrning fish samples, thie mean (log cfu/gm)
tal aerobic hacterial counts was found In uncooked samples (5.7 log clu/gm) foliowed by
i.nmediatcly alter conking (3.651 log cfu/gm) and afler 6 hours microwave cooking (4.870 log cfu
£m) with a significant diftcrence between the total acrobic bacterlal counls of them. The per-
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cent ol survival was reduced [rom 100% in uncooked samples (o 14% and 6% in posl microwave

cooked samples (immediately and after 6 hours).

In cise of beel sampies, there was a reduction in total acrobic bacierial eounts inunediately
aler eooking and after 6 hours cooklag (lian uncooked samples (mean values: 5.627 log cfu/gm,
3.066 log clu/gm. 5.011 log cfu/gur: for uncooked, immediately alter cooking and alter 6 honrs
cooking: respectively) with a significant dilference between (he lolad acrobic bacfevial counts of
them. Moreover, bactedal suvival was deereased alier micrgwave cooking (100% in uncooked,

14% and 10% in post microwave cooked).

Regarding chicken samples, the mean values ol total acrobic bactenal counts for nncooked.
immncdiately and after 6 hours microwave cooking were: 5.86G3 tog vlu/pm. 2,978 {og ¢ /g ane

4.159 log ch/pm: respecelively.

Moreover. in chicken samples, thiere was a decrease in baclerial survival in posl microwave

cooked (2070, 8% lor immediately and after 6 hours cooking) than uncooked sanples {100%).

Table (2) Mlustrated the effect of mierowave cooking of food samples (fish, beel and chicken)

on (vlal yeast and mould counts.

Regarding fish samples, the niean valnes of total yveast and mould counts were 4.995 log chi/
gin for wncooked. 3.075 log cfu/gm for immediately cooked and 4.100 log cfu/gm lor alter 6
hours conkmg with a signilicant difference hetween rotal yeast and mould counts of thent. There
was a reduction in the percent of bacterial =urvival from 98% for vuncooked to 28% [or iimmedi-

alcly afier and 16% for after 16 Tours.

Concerning beel samples, the mean lofal yeast and mould counts was found in nncooked
(5.327 log clu/gm) followed by after 6 hours (4.279 log cfu/gm) and jummcdtalely after cooking
(2.945 log clu/gm}. Moreover, 24% of samples showed bacierial survival. immcdiately after mi-

erowave cooking but alter 6 hours cooking. 22% of samples showed bacterial survival.

In casc of clicken samnples. the mean levels of total mould and ycast counts werce 4.479 log
clu/gm, 3.238 log cfu/gm and 4.509 log clu/gm for nncooked and post microwave cooked sam-
ples (immudiately and after 6 hours cooking: respeetively). Ar the sanie time, the bactertal survi-
via) was decrcased alter microwave cooking (iuuncdiately and aflter 6 hours) [rom 96% [or un-

cooked Lo 14% and 12% [or immediately and after 6 hours nucrowave cooking.

Tabie (3) Prescnted the pereent of survive! of lood poisoning micro-organisms 1solated (rown
unicooked and posl microwave cooked fish samples. The percent of survival of isolated Salimoncl-
la species was 10% lar uncoolied [ish samples, whille, alter nnerowave cooking, there was no suy-

vival. There was also a reduction in Shigella species sturvival lrom 4% for uncooked sainples to
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no survival afler microwave cooking. In case of Staphylococcus aurcus, the percenl of survival
was 28% for uncooked fish samples, 4% ol samples is showed survival after microwave cooking
(itmmediately) and 2% showed survival after 6 hours. Lislcria monocytogenes showed no survival

in nncooked (ish samples and after microwave cooking.

Table (4) Wlustrated the pereent of survival of foed polsoning micro-organisms isolaled from
uncooked and post nucrowave cooked bieef samples. The percent of survival of tsolated bacteria
from uncooked beef samples were 6%. 2%, 24%, 0% (no survival) for Salmonclla specics. Shigel-
la species. Staphylococcus aureus and Lisleria monocytogenes: respectively. While immedialtely
after microwave cooking. the percent of survival were 2%, 2%, 10%, 0% (no survival): for Salmo-
nclla species, Shigella species, Staphylococcus aurcus, Listeyia monocytogences, respectively. Al-
Lcr 6 hours microwave cooking, there were no survival of Shigella species and Listeria monocyto-

gencs.

Tablc (5) presented the percent ol survival of lood poisoning micro-organisms isolated
frorn uncooked and post rpicrowave cooked chicken samples. The percent of swmrvival ol
isolated bacteria were reduced immediately after microwave cooking. to 2%. 0% (ho survi-
val), 8%. for salmonclla species . Shigella species. Staphylococcus aurcus: respectively and
alter 6 hours ol microwave cooking, Shigella and Staphylococcus aureus showcd 0%, 2%

survival. Lisleria monocylogenes could nol be {solated (rom unceoolked and post microwave

cooked saruplcs .

DISCUSSION

Several studies have examined variables (hal influence {emip's and baclerjal destruction
achieved in loods heated by microwave encrgy. Factors of primary importance include both phys-
lcal and chemical {product mass, density. specific heat, ionic content, diclectric properties| pa-
rameters. Thc majority of cvidence indicates that mierowaves inactivalc microbs by thermal el-
fcets alone (Fung and cunningham 1980. Heddleson and Doores 1894) Our resulls showced
that microwave cooking of the examincd fish, beei and chicken samples were clfeetive in signilfi-
cant deereasing of the total acrobie bactertal counts and total yeast and mould counts. The sur-
vival of bacteria, ycast and mould decreased after microwave cooking and the percent ol survivat

of isolated Salmonella, Shigella, Staph aureus organtsms werc also decreased after microwave

coonking.

1t was reported that conventional boiling plus microwave and microwave alonce cookity? of fish

fillcls were all successful in redueing bacterial counts 1o a non detectable level (Danfely, 1980).

Goksoy et al (1999) found that microwave cnergy has Ihe potenlial to ralse the surfoce tem-
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perature ol ieat rapidly (or shorl penod of time sulficient to reduce hacterial numbers sinili-
cantly without cansing physical changes (o meat, Microwave ovens can play an important role al
meal time. bat special care must be taken when cooskmg or reheatit:g meat to make sure thal

they are pepared sale'y (Food Safety and Inspection Service FSIS, 2000).

Abd-El Aziz A.S (2002) rcporied that {he imcan values of acrobic plate count, Staph aureus
in beef iger were: x 100 6 x 102, cha/gmy respeelively alter microwave cooking, while in
case of Kofta. the mean valies were 9 x 107, 7 x 102 clu/@m; respoectively. At the wieao e,
Salmonella could not be isolated from all samples examined (Beel Burger, Kofta), whereas, Staph

aurcus can be isolated from Kofta cooked by microwave with 5% percentage.

[t was stated that some ol the microbial [lora survive i1t all mitced meat samples cooked by
microwaves with standing periods (Hollywood et al 1991).

I wag lound ihat the micrabial flow of raw meat balls was as follows: (otal bacieria, 6 02 x
106 efn/pm. psyehrophilic bacteria 1.3 x 10% cfir/gm. yeasl and mould. 2.4 x 105 clu/gm,
Staph. anreus 85 efu/gm, while salmonclta was tonnd in only one sample. The cooking by mi-
crowave decreased (e microbial flora (3--4 log cycles n1 microwave ai 97 degrees C healing of
the ineal balls, it s advised 1o use slighilv highest fenp's than used in the conveniona! cooking
Lo inerease (e nievobal quality ol mcal Lialls {Yilma etal.,. 2002).

The survivid of salmoenella cclls is of greater public liealth concern (than is the stavival of
Lnonocytogetes fiven that e mtnimum human infeelious dose for salmonella spp. Can be as
low as 1 1o 10 cells (D Aoust 1985, D Aoust 1989).

The efficicney ol rnicrowave ovens in destruction ol some pathogeuic micro-organisms was
studied hy Aries et al (1997). wlw found (hat despile the cooking level used, the time required
for elitninaiion of Staph. anrcus, Salmouella is grealer than (he one (n which meal is considered

enzymatically, and organolephically cooked. (Aries et al 1997).

[{ was Ulusivated that m the microwave cooking of poultry, (liere were inabibly to provide uni-
lorm hicating temp’s. This limitation can lead to the survival ol food borne pathogens such as lis-
teria spp e browlers, roosters cooked In nncerowave ovens. This is cspecfally relevant sinee an
cridemiolbgical associntion has beent made belween undercosked ehicken and sporadie cases ol

Linman hsteriosis (Schiwart etal., 1988).

Lund et al (1989) Lowcl that mictowave caoking of whole chickens according 1o 1c¢cont-
mended  cooking and  standing times results in a 100 fold reduction  int numbers  of

L.anonocviogences placed on ihe surface ol the skin,

It was reported that no sgnilicant dillerence hetween conventional cooking awad aiierawave
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cosking of chicken producls in reducing micro-organisms in tliosc products. (Daniely 1980)

It wax stated that microwave cooking were effectlive in reducing micro-organisms ui chicken to
in siguificant levels and that exposure time needed to be correlaled with size and type of foad
(Madson etal., 1971).

Daniely (1980} eompared bacterial counts of chicken cooked elther by mierowaves plus
steam or a steam process alone, He showed that lower tolal counts. salmonella/ proteus counis
were oblained with microwave process in contrast, Chen et al, (1973) claimed that microwave
proeessing ol chicken paris was not eflcctive as a hot water proecssing in reducing surlace bac-
teria. They postulated the higher count oblained in mlerowave cooking was due {o non uniform

cxposure of all surfaees in the microwave (rcatment.
The following practices should be taken to obtain safe microwave cooked food:

1- Foods rcheated in a niicrowave ovens should be "piping hot” with an internal teinp exceed-

ing 74°C in all areas.

2-  Prozen loods should be eompletely defrosted because microwave cooking of partially

thawed food enhances uneven heating .

3- To improve the efficiency of mierowave ovens, cover paultry with wax paper durindg micro-

wave cooking and eheck the intermal temip of the product at best three dilferent site.

4- In (he abscnee of rotating mierowave pad, rotate foods manually several times during ni-
crowave cooking.

5-  Place thicken portions of fnods towards the exterior of tlic mierowave dish.

6-  Microwave cooking Iustructions on the label of prepackaged {oods may not guarantec ap-

propriale cooking for every make and modcl of microwave overn.

7- Make sure that products are thoroughly cooked. In addltion. microwave manulaeiurers

should Improve on the clarity of cooking Instructions as some were found (o bic confushg
and/or misleading.
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Table (1): Effect of microwave cooking of food samples (Fish, Beef and Chicken) on total aerobic

bacterizl counts

Uncooked samples (n=50)

Post-microwave cooked samples (n=50)

Food Immediately l Alter 6 hours
sample [ | Min | ¥z | mean <p " Min | Max | mean Min | Max | mean
+ve Yo log log {74 +SE +vr () log Ing log o4 log fog log
CFU/g| CFWg| CFlilg| = CFU/g, CTU/g{ CTU/ CFUfg| CFUig| CFU/g
+ |
Fish 50 100 2,602 8973 57041 1.438 | 7 14 2699 489213651 | 0539 3 6 4 505 3.491|4 870
+4.203 =0.249
| N )
Mecal 50 100 3.301) 86020 5.527 1.320 7 4|2 I76l74 8133 Jo6 ‘ 0.558 3 10 !
] + 0187 *01377
- |
\ |
Chicken | 30 100 JFeRY TRYS 5863 1.8 1D 0 ] 902 38452 8 ’ 3934 42794 130 | 0 (48 I5026% (0750
£0.157 \ £0.074
' | - __ ! | — -_J
n = Number of sxamined samples
+ye = Number of sampiss showing growh,
SD = Swandard deviaron.
SE = Standard error,

£or
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Table (2): Effect of microwave cooking of food samples (Fish, Beef, and Chicken) on total yeast
and ould eounts

— —— — — p— =
' Post-microwave cooked samples (n=50) 1
Uncooked samples (n=50) [ - ples ( 1
Food B ’ Immediately After 6 hours - | F f LSD
sample Min | Max | mean Min | Max | mean 5D | Mm Aax | mean sSD 3 §
+ve | % | dog | dog | dog [ SE % log | g | log | Sop | e | % r ftog | tog | +5C /
CFUsg| CFUlg| CFU/g CFUig| CFU/g|CFU/g| T~ Fu;e CFUsg CFUig |
. - !
|
Fish 49 98 1.954 7.505| 4993 1343 28 20414322 |3075 | 0 730 i ' L& I 1,934 36904 100 | | 183 13384 11078
- +90.193 t 1+ 0200 +0dI8
" S D e
Meat 30 100 2447 T978| 3327 L1383 i12 24 L4T7 (4222|2945 | 0798 | 1L 12 ‘ L6499 §43904279 | 1250  17426" [ 1056
= 0,196 | +0 230 | £0377
( | ] | | [__‘ _
Chicksn | 48 96 1.84% 704l 4479 1.394 T ) I4 246 |4 204 i_? 238 ‘ QT & | (2 |1 3499 46004309 | ( (8] 2748 P dd2
+0.201 J +0270 1 0 4R3
L 1 | _ [ [ | ; L i,_ ]
;] = Number ¢l examinzd samples
+v2 = Number of sampics shoswviax. growsh
SD = Sundard deviaton.
SE = Snandard crior.

47
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Table (3): The percent of survival of food poisoning micro-
organisms isolated from uncooked and post microwave

cooked fish samples

T U_n—gooked Post microwave cooked
samples

Organism samples Immediately | After of hours
+ve % +ve ‘l % +ve Yo
Salmonetla 5 10 - - -
Shigella 2 4 - - -
Staphylococcus aureus 14 28 2 4 1 2-
Mlsteria monocytogenes - S R - -

col
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Table (4): The percent of survival of food poisoning micro-
organisms isolated from uncooked and post microwave

cooked beef samples

Post niicrowave cooked

Un cooked samples
Organism samples Immediately | After of hours
+ve Y tve | % tve %
Salmonella 3 6 1 2 1 2
Shigella 1 2 | 2 - -
Staphylococcus anreus 12 24 5 10 l 2
Listeria monocyto genes | - - - - - -

Table (5): The percent of survival of food poisoning micro-
organisms isolated from uncooked and post microwave

cooked chicken samples

—________

Post microwave cooked
Un cooked samples
Organism samples Immediately | After of hours
tve | % +ve % +ve % |
Salmonella 2 4 1 2 1 2
Shigella 2 4 - - - -
Staphylococcus aureus 8 16 3 6 1 2
Listeria nonocytogenes - - - - - -
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