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ABSTRACT

A total of 150 fresh samples of fish. beef and chiclken (50 samples for caclil were
collected from different retail stores in Alexandria. Samples were examined microbiolog-
ically in it s _fresh state (prior cooking) and gfter microwaque coolking (immediately and
after 6 hours of cooking) . Residis indicated that the mean (log CFU/gm} tolal aer-
obic hacterial counts of uncousked fish, beef and chicken samples were as follows:
5,700 log10, 5.627 logl10, 5.&03 log10: respectively, However, the total aerobic bacteri-
al counts of post microwave cooked fish, beef and chiclkken samples (immediately after
cooking and after 6 houwrs cucling) were 3.651 logl0, 3.066 logl0, 2.978 logl1() and
4.870 logl10, 5.011 logl0, 4.159 loy!l0 for immediately and after 6 hours; respectively
with a significant difference betiween 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 immedicdely and
6% for after 6 hours after cooking, respectively. The percent of bacterial survival of beef
and chicken samples was decreased from 100% of uncooked samples to 14%. 10% in
beef and 20%, 8% in chicken samples for immediately after cooking and after 6 hours
cooking. It was also reported that the mean values (mean log cfu/gmj of total yeast
and mould counts of fish samples were 4.995 log 10 for uncoolked, 3.075 log10 for im-
mediately after cooking and 4.100 logl0 for after 6 hours cooking, with a significant
diffcrence between total yeast and mould counts of them. The percent of survivad was
decreased from 898% in uncooked fish samples to 28% and [6% in post microwave
cooked samples (immediately and after 6 hours cooking). Concerning beef saimplies, the
mean total yeast and mould counts were found in uncooked (5.327 logl10} followed by
after 6 hours cooking (4.279 log 10) and immediately after coolking (2.945 log 10). Moreo-
ver, 24% of beef samples showwed yeast, mould swrvival, immediately after cooking but
after 6 hours cooking, 22% of beef samples showed yeast and mould survival. In case

of chicken samples, the mean levels of total yeast and mould counts were 4.479 logl0,
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3.238 logl0 and 4.509 log10 for uncooked and posi microwave cooked (immediately
and after & hours cooking; respectively). At the same time, yeast and mould survival
was decreased ajter microwave cooking (immediately and after 6 Lours) from 96% for

uncooked to 14% and 12% for immediately and after 6 hours microwave cooking.

Our results also indicated that the percent of survival of Salmonella, Shigella, Staph
aurcus isolated from uncooked fish samples were: 10%. 4% and 28%; respectively,
while after microrwwave cooking (immediately and after 6 hours cooking), no swrvival
were ohtained except in case of Staph aureus, where the percerit of survival was 4%
Jor immediately and 2% for after 6 hours. Both uncooked and post microwave coolced
fish samples showed no survival of listeria monocytogenes. IT was found that, the un-
cooked heef samples showed Salmonella, Shigella, and Staph aureus survival with a
percent of 6%. 2% and 24%; respectively. While after 6 hours microwave cooking, the
percent of survival were decreased to 2%, 0% {non survival), 2%. In case of listeria morn-
ocytogenes, no survival were observed in both uncooked, post microwave cooked beef
samples. Regarding chicken samples, the {solated 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 Staph aureus. In general our results indicated
that microwave cooking of the examined fish, beef and chicken samples were effective
in significant decreasing the total aerohic bacterial counis. 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 organisms
were also decreased after microwave cooling, while listeria monocytogenes could not

be isolated.

INTRODUCTION

One ol the primary objectives of the cooking process is the thermal destruction of micro-
organisms. thus foed are usually heated in such a manner that they can be consumed with a
high degree of safety. It has been reported thal conventional cooking reduces the usual microbio-
logical contamination in food to levels that represent little tood poisoning danger to the consu-
mer. One ol the new methods of food cooking include microwave cooking. It is gaining accep-
tance becausc il is fast and convenient and also, saves energy. The heating of food in a
microwave oven results from molecular friction between water molecules under an oscillating

elcctric fiekl of specific frequency. The question has arisen whether, microwaving is effective in
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Lilting micro-urganisms. Concenss bascd on the starter time employed in microwave cooking and
in the known heterogeneous naive of food heating process (Evans et al., 1995 , Allison Hill,
1998).

Numerons studies address the cffect of micro-wave heating on pathogenic microorganisms in
foods, Bacteria reported to be inactivated by microwave heating of foods include listeria monocy-
logenes, Staphylococrus aurceus. and Salmonella (Rosenberg and Boglw 1987, Knutson

etal., 1987 Heddleson and Doores ,1994).

The non uniform heating by microwave may lead to survival of lood borne pathogens includ-

ing Salmonclla, listeria monocytogencs (Gessener and Beller, 1994 , Lundetal.,1989).

It was reported that bacteria were morce resistant to thermal inactivation by microwave heat-
ing than ycast and moulds and bacterial spores were more resistant than vegetative cclls (Im-

sunwoo etal., 2000) .

Two mechanisms are proposed {or inactivation of microorganisms by microwave cooking. The
first state. microwave cooking jnaclivate microorganisms entirly by heat through mechanisms
comparable to other biophysical process induced by heat such as denaturation ol cnzymes, pro-
teins, nueleie acid or other vital cotnponents as well as disruption of membrances (Heddleson
znd Doores 1994). There is no question as to the validity of this mechanisins. A sccond pro-
posed mechanism for inactivation involving non thermal effects. Four predominant theories have
been uscd to explain 1on thermal inactivaiion by microwaves: selective heating. eleetroporation,

cell membranc rupture. and magnctic ficld coupling (Mudgett 1989) .

The sclective heating theory states that micro-organisms are heated more cifectively by micro-
waves than Lhe surrounding medium and thus kill more readily. Electroporation is caused when
pores rclated in the voltage drop across the membrane causc it to rupture. In the fourth theory,
rell lysis occurs due to coupling of eleciromagnetic energy with critical molecules within the

cells, disrupting internal components ol the cell. (Kozempel etal ., 20C0).

It was found that food borne pathogens such as listeria monoeytogenes, Staphylococcus and
Salmonella spp. Have been the focus ol most studies of microwavable food safely, primarily be-

cause of their uliquitous nature and pirevalence in causing food borne illness (Heddleson and
Doores 1994).

As foodborne illness have substantial impact en public health (Todd 1990) and destruction of
varipus pathogens in ineat by microwaves has generated considerable interest. So the aim of the
current study was focussed on thic microbiological status ol some microwave cooked loods as

beef, fish and chicken meats.

Mansoura, Vet. Med. J. Vol. V, No. I, 2003



M. K. 1. Ragab and N. F. E. Soliman
158

MATERIAL AND METHODS
Sampling :
A total of 150 [resh samples (50 of cach of fish, beef and chicken meats) were collected [rom

dillcrent retail stores in Alexandria. The samples were transporled Le the laboratory in an insu-

lated ice box with a minimum of delay, then they were examniined in its fresh state (prior cooking).

Microwave cooking :

The samples were covered and subjected to cooking in a microwave oven of 870 MIlz {requen-
cy at full power [600 W), and according to the manufacturer’'s instructions. Then they were ©x-

amined immedialely and after a standing period of 6 hours (post microwave cooking).
Microbiological procedures
* Total aerobic bacterial counts

Decimal dilutions of the sample (25 grams) were made with hutfered peptone water and 0.1
ml ol cach dilulion was spread on the surlace of duplicale plate count agar (Oxoid CM 463)
plates. Afler incubation at 30°C for 48 h. colonics were counted and thie counts were multiplicd

by the dilation laclor as CFU /¢ (Iso refercnce method 2293, 1976).

* Total yeast and mould counts

Samiple dilulions were spread on Sabouraud dexlrose agar plates (Oxoid). incubatecl at 259C
for 5 days and counted as previously wmentioned. Doubiful colonies vrere stained with facltophe-

nol colton blue and exemincd microscopically (American Public Health Association 1992).
* Isolation and identification of Salmonella speeies (U.S. FDA 2003).
* Isolalion and identilication of Shigella species (U.S. FDA 2003).
* Isolation and identification ol Staphylococcus aureus (U.S. FDA 2003).
* Isolation and identilication of Listeria monocytogenes (U.5. FDA 2003).

Identilication was done as described by Harvey and Glimour {1992).

RESULTS

Table (1) presented the effect of microwave cooking of the examined food samples (lish, beef
and chicken) on total aerobic bacterial counts. Concerning fish samples. the mean (log cfu/gn)
t-al acrobic bacterial counts was found in uncooked samples (5.7 log cfu/gm) [ollowed by
inmediately after conking (3.651 log cfu/gm) and after 6 liours microwave cooking {(4.870 log cfu

gm) with a significant difference between the total aerobic bacterial counts of them. The per-
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cent of survival was reduced fron Ou o mn nncooked samples 1o 14% and 6% i1 post microwave

cooked samples Gimmedialely ana o fler 6 honrs)h

In case ol beel sampics, there o o cechictun @ lotal acrobic bacterial counts inunediaiely
alter cooking and after 6 hours ec g than nueocked sampies (mean values: 5.627 log elu/gn.
3.066 log clu/gm, 5.011 log cfu/en for ancooked. immediately after cooking and alter 6 hours
cooking: respectively) with o signitcant dillerence hetween thie total aerobic hacterial counts ol
them. Morcover, bacterial sarviva: was rdecreased after microwave cooking 1007 i1 nncooked,

14% and 10% in post microwave o oolaed).

Regarding chicken sawiples, 11 eean values ot total acrobic bacterial counes lor tineeoked,
immediatcly and alter 6 hours meccavicie cooking were: 58063 log elu/gnt, 2,978 fog elin/om and

4,159 log cfu/gn respectively,

Movcover. inn chicken smnples -herc was a deciease in bhacterial survival in post microwave

cooked (207, 8% for immedintely oo abrer G hours cooking) Hlian uncooked samples (10074),

Table (2} illustrated the elleci - 0 microwave cooliing ol food samples (lish. Heel s chicken)

on total yeast and mould connts,

Regardmg tish samples. e e 2o values of toiad veast and monld counts were -1.995 log efu/
gt for uneooked, 3.075 log cfu/oin b imunedindely cooked and 4.100 log clu/om lor aiter 6
hours cooking with a significant diftcroiee hetween 1otal yeast and moutd coums of them. There
was a reduction in the percent of hacterial survival from 98 for unconked to 28" lor innnedi-

ately alter and 16% for after 16 Lhonrs,

Concerning beel samples, the mean iotal veast and mould counts was found in unecooked
[3.827 log clu/gm) followed by alicr G hours (4.279 log clu/gny) and immediately alter cooking
{2,945 log cfui/gm). Moreover. 245, of scnples showed baecterial survival, immediately alter -

crowave cooking but after 6 bours « coking, 22% of samples showed bacterial survival,

In case of chicken sawmples, the mean levels ol lotal mould and yeast cownts were 4.379 log
cli/gm. 3.238 log elu/gm and 4.%.3% log clu/san for unecooked and post microwave cooked sam-
ples (imimediately and alter 6 hion. - cosking; respeciively). Al the same time, the hacterial survi-
val was decreased aller microwave cookine (immediately anel alfter 6 hours) on 96% for un-
cooked to 14% and 12% lor immerizdeic and aller 6 hours microwave cooking,

Table (3) Presented the percent of «ivinal of fond poisoning micro-organisiis solaited Irom
1ncooked andd post microwave cocled {ish scouples. The pereent of survival of i~olied Salimonel-
I species was 10% lor wiicooked bi-h samples, while s after microwave cooking. there was no sur-

vival. " here was also a reduction i Shicella species survival from 4% for unee oked samples to
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no survival after microwave cocking. In case of Staphylococcus aureus, the percent of survival
was 28% for uncooked fish samples, 4% of samples is showed survival after microwave cooking
(immediately) and 2% showed survival after 6 hours, Lisieria monocytogenes showed no survival

in uncooked fish samples and after microwave cooking.

Table [4) illustrated the percent of survival of food poisoning micro-organisms isolated from
uncooked and post microwave cooked becf samples. The percent of survival of isolated bacteria
from uncooked beef samples were 6%, 2%, 24%, 0% (no survival) for Salmonella species, Shigel-
la spccies, Staphylococcus aurcus and Listeria monocytogernes,; respectively. While immediately
afier microwave cooking, the percent of survival were 2%, 2%, 10%, 0% (no survival}: for Salmo-
nella species, Shigella species, Staphylococcus aureus, Listeria monocytogenes; respectively. At-
ter 6 hours microwave cooking, there were no survival of Shigella species and Listeria monocyto-

genes,

Table (5) presented the percent of survival of food poeisoning micro-organisms isolaied
fromm uncooked and post microwave cooked chicken samples. The percent of survival of
isolated bacteria were reduced immediately after microwave cooking, to 2%, 0% (no survi-
val), 6%. for salmonella specics , Shigella species, Staphylococcus aureus; respectively and
after 6 hours ol microwave cocking, Shigella and Staphylococcus aureus showed 0%, 2%

survival. Lisleria monocytogenes could not be isolated {rom uncooked and post microwave

cooked samples .

DISCUSSION

Scveral studies have examined variables that influence temp's and bacterial destruction
achieved in foods heated by microwave energy. Factors of primary importance include both phys-
ical and chemical (product mass, density, specific heat, ionic content, dielectric propertiies) pa--
rametiers. The majority of evidence indicates that microwaves inactivate microbs by thermal ef-
feets alone (Fung and cunningham 1980, Heddleson and Doores 1994} Qur results showed
thal microwave cooking of the examined fish, beef and chicken samples were effective in signifi-
canl decrcasing of the total acrobic bacterial counts and tolal yeast and mould counts. The sur-
vival of bacteria, yeast and mould decreascd after microwave cooking and the percent ol survival

of isolated Salmonella, Shigella, Staph aurcus organisms were also decreased after microwave

cooking.

It was reported that conventional boiling plus microwave and microwave alone cooking of fish

fitlets werc all successful in reducing bacterial counts to a non detectable level (Daniely, 1980).

Goksoy et al (1999) found that microwave energy has the potential to raise the surface tem-
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perature of ncat rapidly [or sivst poriod of time sudficient to reduece bacterial numbers signifi-
rantly without causing physical chianges toncat, Microwave ovens can play an important role at -
meal time, hut special care min-t e taken when cooking or reheating meat to make sure that
they are prepared safewy [Food Safety and Inspection Service FSIS, 2000).

Abd-El Aziz A.S (2002) repodied that the mean values of aerobic plate count, Staph aurcus
in beef burger were: 2 x 107, ¢ x 102, cln/gnn respectively after microwave cooking, while in
case of Kolta. the mean values woere 9 x 109, 7 x 102 cfu/gm: respectively. At the mean time,
Salmonella could not be isolated jrom all samples examined (Beef Burger, Kofta), whercas, Staph

aureus can be isolated from Kol cooked by microwave with 5% percentage.

It was stated that some of thic nicrebial flova survive in all minced meat =amples cooked by

microwaves with standing period- (Hollywood et al 1991]).

It was found that the microliad tlow of raw meat balls was as follows: tol.] bacteria. 6.02 x
108 cfu/gm. psychrophilic bactoria 1.3 x 108 cfiu/gm, yeast and mould, 2.4 x 10° clu/gm,
Staph. aurcus 85 cfu/gm, while ~almonclla was ound in only one sample. The cooking by mi-
crowave decreased the microbic: lora (3 4 log cyeles in microwave ai 97 deprecs C heating) of
the meat balls. 1 is advised (o v~ slightiv highest temp’s than used in the conventional cooking

to inerease the microbial gquality of meai halls (Yilma etal.,, 2002).

The survival of salmonclla coas is of greater public health concern than is the survival of
i.monocytogenes given that the :inimum human infectious dose for salmonclia spp. Can be as

lIow as 1 1o 10 cells (D Aoust 1985, D Aoust 1989).

The cfficicney of microwave ovens in destruction of some pathogenic micro-organisims was
studied by Aries et al (£897), wiio foumnd that despile the cooking level used. the time required
for elimination of Staph. aurcus. Salmonclla is greater than the one in which meat is considered

enzymalically, and organoleptically cooked. (Aries et al 1997).

It was iilustrated that in the microwave cooking of poultry. there were inability to provide uni-
torm hceating temp’s. This limitation can lead to the survival of food borne pathogens such as lis-
teria spp in broirlers, roasters cookad in microwave ovens. This is especially rclevant since an
ef idemiological association has Lion inade belween undercooked chicken and <poradic cases of

human listeriosis (Schiwart etal,, 1988).

Lund et al (1989) showcd that microwave cooking of whole chickens according to recom-
mended cooking and standing times results in a 10°% fold reduction n numbers of

[.monocytlogenes placed on the surface of the skin.

It was reported that no signilicant dillerence between conventionad cooking s microwave
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cosking ol chicken products in reducing micro-organisms in those products. {Daniely 1980)

It was stated that microwave cooking were cffective in reducing micro-organisms in chicken to
in significant levels and that exposure tinte needed to be correlated with size and type of food
(Madson etal., 1971).

Daniely {1980) compared bacterial counts of chicken cooked either by microwaves plus
steam or a stcam proeess alone. He showed that lower total counts. salmonella/ proteus counts
were obtained with microwave process in contrast, Chen et al, {1973) claimed thal microwave
processing of chicken parts was not effective as a hot water processing in reducing surface bac-
teria. They postulated the higher count obtained in microwave cooking was due to non uniform

exposure ol all surfaces in the microwave treatment.
The following practices should be taken to obtain safe microwave cooked food:

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

ing 749C in all areas.

2-  Frozen foods should be completely defrosted because microwave cooking of partially

ihawed food enhances uneven heating .

3- To improve the efficiency of microwave ovens, cover poultry with wax paper during micro-

wave cooking and check the internal temip of the product at best three different site.

4- In the absence of rotating microwave pad, rotate foods manually several times during mi-

crowave cooking.

5- Place thicken portions of foods towards the exierior of the microwave dish.

6-  Microwave cooking instructions on the label of prepackaged foods may not guarantee ap-
propriate cooking for every make and model of microwave oven.

7- Make sure that products are thoroughiy cooked. In addition, microwave manufacturers

should improve on the clarity of cooking instructions as some were found to be confusing
and/or misleading.
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Table (1): Effect of microwave cooking of food samples (Fish, Beef and Chicken) on total aerobic
bacteriz2{ counts

Post-microwave cooked samples {(n=50)

Uncooked samples (n=50) e e — {
Food ' Immediately : After 6 hours I .
S oo S B
sample ! Min | Max ¢ mean sD | Min | Mux D meai S i ~ Min o Max | mean LIV S
ye | Yo i dog i log tog | Cop e J % log. | dog | log | e e Lo | log | fog q dow ! +SE
| : |CFU:’g'§CFL’!g CFU/g| —- CFU/g CFU:‘;{!CFU:’g1 R PCEUW/ e CFUg | CEU/g L f
— [ i i G R PR i vt o SR S o ikl Wi d B P
Fish a0 5100 | 26020 $.973] 5700 1438 7 4 2,649 489213651 ’ 0.639 3 ] 4,5()_"\[ 3491[4 870 | 0541 7.269¢
+£0.203 +0.249 0312

vnunjos g ‘J "N pup qoboy 1 H W

S S l .
Meat 50 100 3301 8.602) 5627 1.320 714 2.176] 4813 3,066—! 0.998 5 10 3_7]6‘ QL4501 | 0833 1 12.730*
+ 0187 0377 +0.372

Chicken [ 50 100 3.663) 7.898] 5.863 1.108 | 10 20 1903 3.8452978 | 0614 4 8 1954 4279/4.159 | 0148 | 35926*
+0.157 +0.194 +0.074

£00Z ‘T "ON ‘A "104A

n = Number of examined samples.

+ve = Number of sampics showing growth.
SD = Standard deviation.

SE = Standard error.
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Table (2): Eifect of microwave cooking of food samples (Fish. Beef, and Chicken) on total yeast
and mould counts

=
' Post-microwave cooked samples (n=50)
Uncooked samples (n=50}) -
Food : Immediately After 6 hours i
. . - FS% | LSD
sam pie Min | Max | mean $D Min | Max | mean Sp Min | Max | mean SD
+ve %o log fog log +SE Tve Yo log log log +SE +ve Yo log log + SE
CFU/g| CFU/g| CFU/g CFU/g| CFU/g| CFU/g CFU/g| CFU/g| CFU/g
Fish 49 98 1.934] 7.505 4995 1.343 | id 28 2.041(4.322 {3075 | 0730 3 16 L9534 5.690i4.100 | 1183 13.584* | 1076
i +0.193 iOZﬁL +0418
] - pr———— b—
Meat 50 100 24470 7.978 5327 1385 | 12 24 147714322 12945 1 0798 | 11 22 16599 593942 i.250 | 17.426% | 1.056
+(.196 +0.230 + 0377
Chicken | 48 96 1.845 7.0411 4479 1.394 7 14 214614204 132381 0714 0 12 3.699 66024509 | 1183 2748 1442
+6.201 I +£0270 + 0483
L
n = Number of examined samples.
+ve = Number of sampics showing growth.
SD = Standard deviation.
SE = Standard error.
T~
[+)]
Y

unuwiloes ‘g *Jd N pup qobny I ‘W
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Table (3): The percent of survival of food poisoning micro-
organisms isolated from uncooked and post microwave
cooked fish samples

o —— p— s r———

Post microwave cooked
samples

Un cooked
Organism samples

Immediately | After of hours

+ve o/o +ve % Yo

Salimonella 5 10 - -
Shigella 2 4
Staphylococcus aureus 14 28

Listeria monocytogenes - -

14120 §

ununios ‘g ‘o ‘N puv qoévy I W "W
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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 microwave cooked H

’ Un cooked samples
Organism samples Immediately | After of hours
+ve Yo +ve Yo +ve %
Salmonella 3 6 1 2 1 2
Shigella 1 2 ] 2 - -
Staphylococecus aureus 12 24 5 10 1 2
Listeria monocytogenes - - - - . -

Table (5): The

percent of survival of food poisoning micro-

organisms isolated from uncooked and post microwave

Post microwave cooked |

cooked chicken samples

Un cooked

samples
Organism samples immediately | After of hours ]l
+ve Yo +ve % +ve %
Salmonella 2 4 1 2 1 2
Shigella 2 4 - - - -
Staphylococeus aureus 8 16 3 6 1 2
Listeria monocytogenes - - - - - -
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