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ABSTRACT

The effect of microwave cooking upon chemical quality of sardine fish (sardina pil-
chardus] was studied. [The chemical quality paraineters include both nuiritional {proxi-
maie composition, mineral composition and cholesterol content) and hygienic (fat quali-
ty indicators, protein quality tndicator, confaminant levels)]. A total of 100 samples of
Jresh {locally produced) and frozen (imported} sardinte fish (50 samples for each) were
collected from different retail slores in Alexandria. Samples were subjected {o micro-
wave cooking and rere analyzed for chemical quality parameters before {raw state)
and afler {cooked) microwave coolking. Resulis revealed that the proximale composition
{fal, protein contents} had significantly (P < 0.05} increased afler microwave cooking
with mean values of 12.610+0.13 and 6.206+0.183 for fat content in fresh and frozen
microwave cooked samples while the mean values in raw samples were 5.50310.148
and 2,600+0.164 for fresh and frozen samples: respeciively. however, the mean con-
centration of protein in raw samples were 17.8+1.200and 16.1+.0.800; for fresh and
JSrozen; and in microwave cooked were20.12041.80 and 17.2340.40; respectively. Con-
cerning mineral composition, microwave cooking of sardine fish had insignificant effect
upon nickel (N and copper (Cu} levels in fresh samples (mean values: 0.006+0.001: for
raw and 0.007+0.002 for cooked for Ni; 0.015+0.007 for raw, 0.018+0.004 for coolced
Jor Cu; respectively). at the same time, cluromiwm {Cr} was not delected in both raw and
microwave cooked fresh fish. In case of frozen samples, both nickel (N}, cliromium (Cr}
was nol detected in both raw and cooked samples. While in case of copper (Cu}, there
was (nsignificant effect of microwave cooking. Al the same iime, all the microwave
cooked fresh samples showed significantly (P < 0.05) higher mean concenirations of
zinc {Zn). calcium {Ca). manganese (Mn), sodium (¥Na), iron {Fe) (0.282+0.020, 7 1+0.400,
0.11030.030, 42.800+0.140 and 0.496+0.010; respectively] than raw samples
{176+0.070, 5520.300, 0.008+0.005, 35.8+0.200 and 0.438+0.030: respectively). in

case of microwdve cocked frozen samples, there was a significard increase in zinc lev-
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els from 0.170£0.090 to 0.320+0.010, wlule in cuse of calcium (Caj, there was a signift-
cant decrease from 74.500+0.840 to 15.600+0.829. concerning manganese {Mn), both
raw. microtave cooked sarples showed non delectable malues. Regarding sodium
(Na) there was a significant fiicrease from 98.200+1.800 to ' 10+1.440 while in case of
iron there was no significant influence ¢of microwave cooking {0.090+0.020 for raw,
0.094+0.020 Jor micrawave cooked). It was also reported that in case of potassium (K],
both fresh and frozen microwave cooked sarples showed significantly lower levels
(108+1.500; jor fresh and [78+£1.380,; for frozen; respectivelyl thart raw onecs
{119+1.600 and 208-0.400; respectively).

In case of chulesterol conient, i was significantly (P < 0.05) increased after micro-
wave cooking of sardine fish from 53.500+£0.819 and 58.500-1.500 for raw samples
ifresh and frozen} lo 58.700+1.680 and 64.600£1.900 for microwave cooked samples
(Fresh and frozen); respectively. Microwane cooicing also influences the fat and prolein
qualily indicators, where the thiobarbeturic acid reactive substances (TBAR s). acid
nuitiber (AN). Free faity aclds (FFA's) and Total volatde nitrogen (TVN} were significant-
ly (P’ < 0.05) increased after microwave cooking in all samples. while in case of perox-
ide value and cordaminani levels [cacdimium (Cd), lead (Pb}, mercury {(Hg)], there was no
sigiuficant effect. The mean concentrations of fat and protein qualily indicators in raw
fish samples were as __Totlows: 0.420+0.010, 0.480+0.010, 1.580+(0.693 and
0.996-0.090 jor fal qualily indicators (PV, TBAR s, AN, FI'A s} and [9.230+0.300 for
protein quality indicator [TVN), meanwhile, the mean conceniralions of the same pa-
rarelers in microwave coolced fresh samples were 0.470+0.080, 1.174+0.090,
2.560+0.493 and 1.610x0.200 for fal quality indicators and 24.8004+0.450 for protein
guality indicator (TVN}; respeclively. Regarding frozen samypes; the mean concentra-
tions were G.319+0.090, 2.404+1.193, 5.219+1.7 and 2.609+0.840 for fat quality indi-
cators and 28+0.G4 Jor TVN: respeclively in raw samples and 0.406+0.111
23.9321+1.111. 8.8318+1.620, 3.84 +0.97 and 36.050+0.340; for cooked: respectively.
it was alsa found that Cd levels were reduced after microwave cooking to be non de-
tectable, while in case of lead, it was insignificantly increased afler cooking from
0.010+0.002 lo 0.030 x 0.010 in fresh samples and it was non detectable in all frozen
samnples. Meicury levels were insignificantly increased afler cooldng it both fresh, fro-
zen sample. Resulls of this study alseo showed that there was a negative correfation be-
trveen fat and fat qualily indicafors in fresh microwave cooked samples while in frozen
samples, there was a significarntt positive correlation. Concermning, the correlation be-

Lween prolein, TVN, i was postiive perfect onc in microwave cooked fresh, frozen san-
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ples meanwhile, the correlation befween {otal mineral composition and fat guality indi-
calors, it was a negative one in_fresh coocked samples and a positive correlation in fro-
zen microwave covked. It was also found that the correlation between cholesterol and
peroxide wvalue (primary oxidation product} (PV] was positive in frozen microwave
cooleed samples. At the same time, all the microwave cooked samples showed negaiive
correlation bettween cholesterol, and secondary oxidation products (TBAR s} and an op-
posite correlation between PV, TBAR s.the contaminant levels were negatively correlat-

ed with fat quality indicators in all microwaved samples .

INTRODUCTION

Sardine (sahr-deen) is a generic term applied broadly to any of the various small soft boned
salt water fish such as sprat, young pilchard and herring. {Sardines used to be abundant just ofl
the coast of sardinia, an island in the Medilerranean, hence tlie name sardine). Recenlly. inter-
esl has Leen growlng in sardine {ish as sources ol high guality proteln and hecaithy combination
of {atty acids (Yamamoto andlmosek 1989). This interest stems, in large part. [rom those stud-
ies, who suggested that, fatly acids in sardine fish play an important role in prevention, manage-
ment of cardiovascular disease and decrcasing the risk of cancer developinent at certain siles
(Lee andLip 2003}). Further, studiecs suggested that cating sardine fish helps in reducing dia-
Letes dsk, In reducing the risk of incidence of Alzhicimer disease, actlng as a nalural anticoagu-
lants, lowerng the risk {or nerves and muscles and Jn prevenung heart arrhyllimias that can
lead to sudden cardlac death (Lichtensttein, 2003 and Morris etal..,2003).

Today, microwave cooking is an established {cature in millions of kitchens through out Lhe
world. [n a mlcrowave oven, [vods is heated by microwaves (bigh energy radiation} whieh heats
water parlicles within [ood. So waler molecules in food change polarity or vibrate very rapidly.,
This rapid vibration creates friction, which in turn produces heal. Thus, food is cooked by heal
generated internally (heating oceurs from inside to the outside} (Rohrmann et al., 2002, Bunikls
et al., 2003). Food healed in a microwave oven is suhjeeted to a heterogenous temp pattern with
the potential for hot and cold spots. [n a microwave heated foods, the inner food core may be ci-
ther al a higher or at a lower temperature than that the outer parts, depending on the size and
shape ol the product and on it s water and salt contents {Judy Stone 2000). Improvements in a
microwave oven design have minimized the problems of heterogenous heating allowing the heat-
ed product to stand for a short time before consumption . Other improvements include humiditly
and heat sensors, whieh are eflective in controlling the heatlng process to avoid Loth under and

overcooking/overheating (FDA/CFSAN 2000). A positive feature of microwave ovens with regard
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to food safety is that food can be taken from the (reezer, thawed quickly, cooked and served with-
out 1t spending long periods of Hmes In the dangerous temperature zone between 4°C and 6O°C
which provides favourable condidons for the growth ol dangerous microorganisins (Finot and
Merabet 1993). Microwave cooking of fish is more cfficlent, where flsh is cooked on request
{minimum storage), low handling costs due to continuous cooking, checaper wherce cooking time
is four (v cight times shorier compared with low temperature cooking, energy consumption re-
duced by 40%.the microwave cooked flsh had the advantages that no add oils need to be added
and the heat sourec can be standardized (Kondo-Man et al., 1997, Noverman et al.,1995).

Il was staled that microwave cooking does not induce more chemical modilications in fats
than do conventional cooking mcthods. In particular, microwave cooking does not gencerate [ree

radicals, because it does not result in morc lipid oxidation { Richardson 1990).

Mest published reports indicated that microwave cooking resulicd in higher moisture losses
compared with eonventional. Overall, the nultritional eflects of microwaves on protein, lipid and

minerals appear minimal (Cross andFung 1982).

Cholesterol forms the building blocks of several eompounds (c.g.. blle, sex hormones, vitamin
D, ctc.) with important physlologial functions and is a major structural component of cell mem-
hranes. It was [ound that the mecthod of food preparatinn will aflect cholesterol levels. Deep lry-
ing compared with dry heat cooking, increased cholesterol levels of fish fillets by approximately
10% (Nourooz-Zadeh andAppelqvist 1988).

it was showed thul the highest temperatures (shorlest cooking times) resulted in the lowest
malonaldhyde (MA) content, possibly due to shorter period of contact with molecular oxygen dur-
ing cooking and Increased losses of MA, perhaps due to {nereascd volatility or destruction. The
lower cooking temperature (longer cooking thimes) resulted in higher concentrations of malonald-

hyde possibly becausc the rate of formatlon excecds the rate of loss (Conchillo et al., 2003),

It was reported that the way the lish 1s preparcd and covked ean modify the amount of ¢hiemi-
cal contaminants eonsumed. The degree o which the contaminants bicaccumulate in different
lish specics is dependdent on their methods of fceding, the ability of the fish to metabolize the
contaminants, and the fat content of the fish {(U.8. EPA1997).

Cansumer surveys and market analysis have concluded that the rcliable nutricnt composition
data on sardines in the form in which they are eaten [cooked) 1s nccessary as the himportance of
sardines in our dicts increases and the nutrient compaosition ol raw sardincs has been widely
studied but data on the nutrient composition ol sardines cooked by cither conventional or micro-
wave methods are sparse (USDA1988). So the purposc of this study was to give an idea on the
chiernical quality ol microwave cooked sardine fish.
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MATERIAL AND METHODS

A total of 100 samples of Iresh (locally produced) and frozen {imported) sardine fish (Sardina
Pilchardus} (50 for cach) were chosen at random from Alexandrla retall stores; then samples
were ransported in an insulated lee box to the laboralory and analyzed in i's raawv stale for

chiciical qualily paramcters.

Samples were subjeeted to microwave cooking ol 970 Milz Irequency at {full power (600 w),
and according to the manufacturer’s instructions, then, they were analyzed for chenical quality

paratncters, inunediately aller cooldng,

Determination of chemical quality parameters

Nutritional quality paramcters

Proxlmale analysis

Fal conlent

It was determined according AOAC slandard method (AOAC 1970).
Protein content

It was estimaled according {0 ADAC slandard mcthod (AQAC 1970).
Mincral composlilon (Ni, Cr, Cu, Zn, KK, Mg, Ca. Mn, Na, I'¢)

The principle of the mlnerals determination involved (he production of acidie solulion of the
inorganic clements, aflcr removing interfeving malerials by chelation solvent usiug annmonium

pyrrolidine di-thiv carbamate (APDC) and isobutyl inelhyl ketone (MIBIS).

Alter that minerals concentralions were determined by using llame alomic absorplion spee-

tropholometer al wave length’s speceific (o cach cleainent (Richard 1986).

Cholesterol content was delermined principally by using chiloroform /methanol mixture, then
allquot of lipid extract prepared by toleh proecedure was cvaporaled to dryness in a water bath
under a steam of nitrogen (Foleh ctal., 1957). Thc saponlilicd lipid was added Lo alcohol (KOH)
In a shalcer water bath. Aller cooling, distitlate water was added. Then, the unsaponiflable mate-
rial was extracted with hexane aller thal allquol of hexane extract, was dried and cholesterol con-
centration was delenmined-colovimetrically using ferrous sullate (FeSO,4) - acctic acid and con-

cenlrated sulfuric acld (H504) as a developing ageni (Bohac ctal ., 1988).

Hygicnic quality paramctcrs

Fat quality indicators

Peroxide valuc

Il was dclermined by using a mixture of glaclal acelic acid and chlorelorim with a ratio of 3:2,

and saturated polassium iodide {IK) and Slarch as indicator according to the followlug equation
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(AOCS 1998).
IS) (N) (1000}

PV =
W
Wheie,
S = inl] of titration.
N = normality of sodium thiosulfate (Na;S503)

W = welght of [al.

Peroxide value Is expressed as milllequivalents of O5/kg of [at.
Thicbarbeturic acld reactlve substances
it was determined using cold cxtraction method according to (L1, CT etal., 2001).(27)
Acid value

Acid value is defined as the number of milligrams ol potassium hydroxide required to neutral-
ise Lhe [ree acid in 1 gm of the sample. It was determined by using a mixture of diethylethcr, eth-
anol, phenolphaihaline as indicator and ncutralized by alkall according lo the [ollowing equa-

tion:

Acid value = Jitratton (ml0.1N) x 5.61  (pearson 1970)
Weight ol sample used

Free fatty acids

According to Pearson 1970

Protemn quality indlcator |Tolal volatile nitrogen (YVN)]

It was determined by macrokejidhal Mcthod (Pearson 1970).
Contaminant levels (Cd, Pb, Hg)

Cadmium and lead wcre determined by Hydrochloric-nitric (HCI-HNO3} acld leaching method
using flame atomic absorption spectropholometer (Richard 1986). The principle of Hg determu-
nation meithod depends on the conversion of all the Hg present in the sample Intoe the inorganic
form by wel oxidatton and it's reduction to the metallic state. Then, the realsc of Hg fron1 the so-
lution as vapour using a stream ol alr lollowed by it's determination by {lameless atomic absorp-
tion spectropholometcr (APHA/AWWA 1992).

RESULTS

Changes in chemical quality parameters of sardine [ish following mierowave cooking werc

shown in Table {]-6). Results revealed that the highcst mean fat content was found in microwave
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cooked samples with mean values (12.610+0. 132, 6.206+0.185 [or {resh and (rozen: respectively)
and the lowest was in raw samples {5.503+0.148, 2.610.164; ior Iresh and {rozen; respectively)
with a signifleant differcnee between thein. Regarding protein content, all the mierowave eooked
satmples showed significantly higher levels {20.120£1.800, 17.23+0.4 00; [or {resh and frozen: re-
spectively) than raw samples (17.841.20, 16.110.80 for fresh and frozen: respeelively). Concern-
ing ineral composition, both Nickle (N1} and Chromniuin (Cr} levels were nearly similar in vaw
and mierowave cooked sawnples. In ease of copper, it was reporied that the microwave cooked
frozen samples showed mean concentration of 0.020+£0.005, while raw trozen had mean coneen-
tratlon of 0.006+0.003 with no signifleant dilference between them, both raw and mierowave
cooked fresh samples had mean values ol (0.015+0.007, 0.018+0.004; respectively). All the mi-
crowave cooked fresh samples showed significantly higher levels of Zine (Zn), Calcium (Ca}, Man-
ganese (Mn}, Sodium (Na}. [ron (Fe) {0.29210.020, 71+0.400, 0.110+0.030, 42.800+0.140, 0.496
4+ 0.010, respectively) than raw fresh (176%0.070, 55+0.300, 0.008£0.005. 35.8+0.200,
0.438+0.050: respectivelyl.

At the same time, all the microwave cooked frozen saniples had significant higher levels of
Zinc (Zn), Sodium (Na) (0.320 + 0.010, 110 £+ 1.400: respectively) than raw frozen ones (0.170 £
0.090, 98.200 + 1.800; respectively). While in case of Calcium (Ca) the microwave cooked frozen
samples had signiflcantly lower values (15.600 + 0.829) than raw frozen samples (74.500 +
0.840). Concerning inanganese (Mn), both raw microwave cooked irozen samples showed non de-
teclable values and in case of Fe, sainples showed similar values., Regarding of Potassium (I ,
the microwavc cooked fresh samples had inecan concentrations of 108 + 1.500; respectively while
that of raw ones were 119 £ 1.600, however, the microwave cooked frozen samples showed mean

concenirations of 178 + 1..380 while that ol raw [rozen samples were 208 + 0.400.

It was also [ound that the eholesterol conlent was signifieantly incrcased in all sampies after
microwave cooking from 53.500 + 0.819, 58.500 + 1.500 [or raw samples {fresh. frozen) to
58.700 + 1.680, 64.600 + 1.900; {or microwave cooked samples; respectively.

Regarding hygicenic quality parameters, both fat and protein quallly indicaiors (TBAR S, AN,
FFA S and TVN) were significantly increased in all mierowave cooked samples (fresh, frozen) and
PV was in significantly increased in all microwave cooked samples. While in case of contaminant

levels (Cd. Pb, Hg), there was no significant differences between raw and microwave cooked .

Table (4} presented the correlation belwecen fat content and peroxide valuc, thiobarbeturic
acld reactive subslances, acid nuinber and f{rec [alty acids in raw and mierowave cooked sardine
fish ([resh, {rozen). It was found table that, there was a perlect positive correlation between pa-

rameters in raw, microwaved frozen f{ish while in fresh, there was negative eorrelation, It ean
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also be noted tha i all rav samples. the correlalion was signilicant.

{Table 5) indicated i conielation betveen TVN and prolein content of raw and microwave
cooked sardine fish. [t wis ¢l that there was a perfect significant positive correlation between
paramelers examined in ail mivrewave cooked samples (fresh. frozen} wiiile there was a negative

correlation belween paranmictess in [resin raw samples.

Table (6) presenied tiw corrclabion belween total mineral composition and PV, THBAR's, AN,
FFA s in raw and microwave cooked sardine {Ish. It was revealed that a posltive correlation be-
tween paranicters in all frozen samples (raw, cooked) while in {resh samples, an opposile correla-

tion was found.

Table (7) Indicated the corr~lation as described by Pearsons correlation coelfictent (r) between
cholesterol and peroxide valie (PV) in raw and microwave cooked sardine {ish. Data [rom this ta-
ble shiowed (hal there was a signilicant positive correlation at p = 0.01 In all [rozen sardinc fish
samples {raw, cooked) while iu case of fresh samples, there was a signilicant negative eorrelation

in raw and positive iin cooked .

Results of Table (8) shimwed thie correlation between cholesterol and TBAR'S in raw and micro-
wave cooked sardine [ish it was revealed that there was a negative correlation betwceen parame-
ters in all microwave cooked samples while in case of raw fresh samples, there was a signilicant
posilive eorrelation, at p = 0.05, at lhe same time, the raw {rozen samples showed signilicant

negalive correlation at p= 0017

DISCUSSION

Fish Is a prime candidale for mierowave ecoking. Most varicties of [ish cook very quickly Le-
causc it has less skclelal matter and connectlive tissue and is lower in fat than equivalent
amounts of red meal and poultry and mierowave cooking aetually enhances subtle fish Navors.
The case ol operation of microwave ovens and time saving propertics mean that their popularity
is likely to increase lor domesiic use as well as in restaurants and institutions. While few people
would dispule their converience, consumers are sometimes coneerned about the safety of micro-

waves and their effect on nuirients in lood (Severi et al., 1997).

The slatistical analysis ol our results revealed that the microwave cooking of sardine fish had
a significant (P < 0.05) inliuence up on proximate composltion, seme mineral composition, cho-
lesterol content, [at qualit- indicators (TBAR's, AN, FFA's), protcin quality indicator (TVN), it
showed no significan! ctfert up cn peroxide value (primary lpid oxidation product) and contami-
nant levels (Cd, Pb, Hg) Tabice (1-2 and 3).
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When [ood is canked above 117 degrees tor three winules or longer, the lollowing deleterions
changes begin, anr progr-s-ively cause increased nutritional damage as high temp's are applied
over prolonged periods ol time, proteins coagulate, high temp’s denature prolcin molecular
struclure leading to defleiency of some essential amino acids, Overly heated lais gencrate na-
merous carelnogens ,natural libers hreak down. 100% of enzymes damaged {Nutritional Re-

scarch council of the Amcrienn Academy of Selencea and FDA 1982).

Our results from tables (1&2) indicated that microwave cooking of sardine fish had signili-
cantly changed fat content in bhoth fresh, frozen snmples by increase. This increase was at{ribut-
ed to the original liptd content of fish and to high moisture losses (30-35% higher than dvy or
moist heat cooking). It was also found that, therc was a negatlve signifieanl correlalion between
fat, PV, TBAR's, AN, FFA's in {resh microwave cooked sardine fishh while in frozen microwave

cooked ones, there was a posttive significant corrclation Table (4).

It was reported that the fat content of raw sardine was significantlv increascd following micro-

wave coolting fram 9,7+0.8 (32.3) to 16.541.3 {33.9) {Hearn ctal,,1987).

Microwave cooking of sardine fishi did not destroy polyunsaturated fatty acidls (PULIA). At the
samne lime, the isolated fish oils obtained fromnm sardine, mackerel, for exunple, are extremely un-
stable (o heating: thils insiability is malnly aliributed to the larger amounis of the glycerides of
thie highly USFA s thal ure present (Billek 1983).

It was reported (hat tipid confent of raw fish fillels was 0.88 gm / 100 gin of fillels, on wei wi

basis, lipid content of microwave eooked fish was 1.41 g/ 100 gm (Gall etal., 1983).

The phenomenen of fish losing differenl amounts of moisture during diflerent cooking meth-
ods including microwave, has been reporied for a number of different lish specles (Mai etal.,
1978 and Njinkoue etal., 2002).Gall etal., (1983) reported that. as the awmount of lipid in lish
fillet inereased, the amount of absorbed lipld In the cooking medium decreased (Gall et al.,
1983). It was found that the microwave cooked sardine flsh had significantly (I < 0.05) higher
protein content than raw ones Table {1). This was relaled to the high moislure loss and not {o
absaolule increase In profein. it was reported that protein content was significantly pesitive corre-

lated with TVN in all microweve cooked samples (Iresh-frozen) Table (D),

Mustafa and Medelros {1985) reporled that the protein content of raw fish llet was 17.16%

{(uneonoked) and chat of microwave cooked was 22.11%.).

Numecrous studies using diffzrent methodologies have considered how heating protein {oods
Ly microwave affects the nutritional value of the protcins. On the other harid no celrimental ef-

lecls have becn shown and neither conventionally nor microwave healing seriously decreased
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the nutritive valuc of protein as micasured by chemical analysis and by human and animal trials

(Ahlsson and Bebgtsson 2001, Dahl andMattews, 1980 and Kimura, 1990).

It was found that there arc slighl dilferences in denaluration rates in foods heated in the mi-
erowave compared with cdnventidnal heating, because ol differences in heating ting and temper- .
ature (Klmura 1990). ’ '

Microwave cooking of sardine lish had significantly (P g 0.05) altered soinc mineral cotnposi-
Hons by gain (Zn, Ca, Mn, Na, Fe) in fresh samples and by loss [Ca. K} in frozen samples Table
(1). These findings substantiated those reported by Gall et al (1983). The gain or loss eaused by
cither having a concentrating or diluting cffect of high moisturc loss {Sabry 1990). Il was stated
that therc was a posltive correlation between total mineral contents, PV, TBAR s, AN, FFA s in all
microwave cooked frozen samples and ncgative correlation in all microwave cooked fresh oncs
Tak:le {(6).

However, cooking docs not appear to affect (tie protein or total lipld levels - within thie cxcep-
tion of poaching, which may cause a loss of some dissolved minerals when cooking water Is dis-
earded, the nineral content of cooked fish is usually not affected by the cooking process( Texl
Book of Nulrional value of food processing 1985). The fat content of [ish may also be altcred de-
pending upon how it is prepared and cooked (USDA 1998).

Gall et al, (1983) stated that the raw [ish lillels had Fe contents of 0.3 mg/ 100 gm, and that
of microwave cooked was 0.4 mg/100 gm, indieating an increase in FFe content of microwave
cooked llsh fillets Addiationlly raw (ish fillets had sodium content (ing/ 100 gm} of 46.7 and that
of microwave cooked [ish fillets were 54.5 mg/ 100 g [Gall et al .,1983).

Table (1) showed (hat thcre was a slgniflcant increasc in cholesterol content of microwave
eookcd sardine fish. This could be related to the lact that cholesterol was rather stable al temp s
conventionally used for cooking, morcover, during mierowave cooking, eholcsterol was strongly
bound to niembrane struetures of tissues l.e., coneentraled in tissuc. Table {8) presented that all
the microwave cooked samples had a negative correlation between cholesterol content, TBAR's,
Kyoichi-Osada et al.,1993. found that Highly polyunsaturated [atty aclds which arc relatively
rich in fish are unstable and are readily oxidized much nmore at high temperatures and lipid per-
oxy radicals 1s {ormed, these radieals interact with chelesterol and promote oxidation of cholestc-

rol.

It was found that, since no oxidized cholesterol was found in uncooked lish sardine and squid
fish, it is likely that tlic oxidized eholestero] are lormed during proeessing where the processed

seafood products (air dricd sardine, air diied squid) contained 11-28.7 mg/ 100 gm of sample of
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oxidized cholesterol. In coneclusion, the oxidation of chelesterol was stiinulated when f{ats were
present simultaneously. It was found that 6-28 mg/ 100 gm of oxidized cholesterol extsts in pro-
cesscd marine foods, we are commonly eonsuming. Therelore, more systematic analysis of pro-

cessed and cooked foods s necessary (Kyoichi-Osada etal., 1993).

The results obtained indleated that there was a positive corrclallon belween protein conient

and prolecin qualily indlcator (Table 5}).

Mustafa and Medeiros (1985) obsarved that Lhe protein nltrogen of fish fillet { cat fish fillet)

wus lost during eooking cither by boiling or microwave.

CONCLUSION

Overall, this Investigation indieated that microwave cocking of sardine fish, showed an in-
crcasc In [at and proteln contents, this increase was related to the original lipid content of tish
and (o high moislure losses (30-35% higher than dry on moist heat cooking). Some minerals
were afllected by microwave cooking by gain like in case of zinc (Zn), calcium (Ca), sodium (Na),
iron (Fe} in [resh samples or hy loss like in case of potassium (K] and magnesium (Mg). in frozen
samples. This gain or loss was atiributed Lo the high loss of moisture which influences the min-
eral composition by either having a concentrating or diluting cleet. At the same time, some min-
crals were not significantly alfeeted by microwave eocking as in nickel (Ni) and chromium (Cr). It
was also found that eholesterol content was signiflcantly {P < 0.05) increased by microwavc
cooklng. Moreover, it was positively correlated with PV (primary lipid oxidation product) and neg-
atively correlated with thiobarbeturic acld reactive substances (TBAR's) {secondary tipid oxida-
tion producl). This was related to the faels that cholesterol was rathier stable at temp s conven-
tionailly used for cooking for a short period. During microwave eocking of fish, less cholesterol
oxidation oceur as a result of tﬁe presence of a relatively high degree of bonding of choleslerol t;)
structural membranes of tissue. Oxidation of cholcsterol proceeds depending on the coexisting

lipids, degree of unsaturation of fats,

RECOMMENDATIONS

The following points should be taken into consideratlon beflore, during, alter microwave cook-

Ing of fish in order to obtain satisfied product from a sensory, safcly and nutritional stand point:
1-  Arrangement: Before cooking, it is best to arrange the items to Le cooked.

2- Rotating: This is done to overcome the effect of any cold spots in the microwave cooking
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chamber. Usually, the dish should be rotated one-quarter turn hall way through the

cooking time.

3- Standing: The dish s allowed to stand without belng exposed to microwaves. This aflows
the heat alrcady built up In the food to finish the cooking process. At the same time. this

prevenis, over cooking. -
4- When cooking large quantities of food, it is mare effective to divide it into small portions.

5- Care must be {aken to adequatcly and appropriately refrigerate fish until it is prepared

and cooked.

6- In indusltrial processing to avoid the problem of thermal run away, frozen fish are "tem-
pered”, they are bought to a temp ol -3°C at which polnt they can be manipulated rather
than thawed through 0°C.

7- Strict internallonal standards control the safely ol microwave ovens, and achieved by tak-
ing a glass conlainer of water at a known temp and heating it to a higher temp and meas-
urlng the lime taken, this lo prevent eseape of energy of microwave, which can be also ab-

sorbed by the human body and damage the body s soft Uissues.

8- The problems of dried tough outer layers ol microwave cooked fish ean be overcomed by
using suspeclors to aid the heating process or In some cases, by reducing the productl

size.
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