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ABSTRACT

Three cooking methods microwave, deep-oil frying and
baking were used to cook fresh fillets of two Nile fish species Bolti
(Tilapia nilotecs) and Bayad (Bagrus Bayad). Averaging weight was
V1YY, g for Bayad and ¢YY.eg for Bolti. The fillets yield of Bayad
was higher (¢e.¥+7) than Bolti (Y¢.¢+7). Cooking methods
resulted in variable values of protein, fat and ash content. Deep-oil
frying decreased protein content from AY.Y¢7 to Ve.\V/ for Bayad
and from Ae.«VZ to V¢.V+/ for Bolti fish, but increased lipid
contents. While, ash content was slightly affected. Deep oil frying
samples had lower moisture content than that of other cooking
methods. The least moisture lost was in microwave cooked fillets,
also frying caused a great loss of weight (¥1.VV7). Total saturated
fatty of fish species fillets increased after baking and microwave
cooking. Fatty acid profile of Bolti and Bayad fillets changed
greatly after deep -oil frying. Deep-oil frying increased total
unsaturated fatty acids due to the uptake of unsaturated fatty
acids from the frying oil. Bolti and Bayad fillets had smallest
amount of DPA and DHA less than g/\ - «gfatty acids. linolenic
acid YA:¥nY levels were Y.¥¢1 for raw Bolti and Y.V:1g/V. g for
raw Bayad . Baking and microwave cooking caused little changes
in UFA/SFA ratio but deep -oil frying caused great change.
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INTRODUCTION

Recently, had been growing there in fish and fish products as a
source of polyunsaturated fatty acids (PUFA), mainly o-Y.
Polyunsaturated fatty acids, eicosapentaenoic (EPA. CY::°nY) and
docosahexaenoic acid (DHA. CYY1nY) are the dominant nY fatty in
marine fish (Ackman, Y4A%). These fatty acids are of great
importance to human for prevention of coronary artery disease
(Conner, Y+ ++). DHA is a major component of brain, eye retina and
heart muscle and considered as important for brain, eye development
and good cardiovascular (Birch et al., Y33A). EPA has been reported
to be useful for brain disorders and cancer treatment (Fenton, et al.,
Y+ ++). General recommendation for daily intakes of DHA/EPA is +.°
for infants and ‘g/day for adults (Kris-Etherton et. al.,, Y++Y).
Freshwater fish content had lower proportions of long-chain n¥ PUFA
than marine fish , and ratio total n¥/n% fatty ratio acids is much
higher in marine fish than freshwater fish, ranging from © to Y+ or
more (Rahman, et. al., Y442). The fatty acids composition of fish oils
results from the fatty acids composition of their natural foods
(Grigorakis, et. al., Y++Y). According to the American Heart
Association (Krauss et al.,Y+ + +)at least two servings of fish per week
are recommended to confer cardioprotective effects .However,
although the beneficial effect of fish has been mainly ascribed to its
particular fatty acid composition (Mataix & Gil .Y+ +Y ),some studies
showed that fish protein also play a role in that respect.

Handling and processing can cause alterations in fish
component, i.e increase in the amount of free fatty acids and
compounds derived from lipid oxidation (Sarma, et al., Y+ ++). Other
factors, such as species, size, surface contact, lipid contents and
cooking temperature can effect lipid composition in fish after cooking
(De Castro, et al, Y-+V).Cooking methods of fish before
consumptiom include boiling, steaming, baking, broiling or grilling,
frying and microwave (Hearn et al., Y3AY). Multiple external changes
and interaction between fried oil and fish oil may be occurred during
fish frying (El-Sharnouby and Attia Y- :Y).Heat ( boiling, baking,
roasting, frying and grilling) is applied to food in different ways to
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improve the hygienic quality (by inactivation of pathogenic
microorganisms) enhancing flavour and taste ,and increasing shelf
life(Bongar ,)49A and Pokorny ,Y449). During cooking ,chemical and
physical changes take place that may improve or impair food
nutritional value e.g. increase in digestibility due to protein
denaturation in food but thermolabile compounds ,fat-soluble
vitamins or polyunsaturated fatty acids content are often reduced
(Bongar ,Y44A ), Several Nile fish species are available for human
consumption. Many studies have been carried out on nutrient
composition and quality of some fresh Nile fish species (Abd El-aal
Y44y, Y447, and Mohamed, and Abd El-aal, Y34Y).However, few
studies were carried out on the nutrient composition of cooked nile
fish. Therefore, freshwater fish Nile Bolti and Bayad were chosen for
this study for their good market acceptance in Egypt.

The study included evaluation of the effect of cooking methods
(microwave cooking, deep -oil frying and baking) on fatty acid profile,
proximate composition and cooking loss of there two Nile fish
species.

MATERIALS AND METHODS

Samples (fifteen Kg each) of the two fish species Bolti
(Telapia nilotecs) and Bayad (Bagrus bayad), averaging ‘1Y).-g
each for Bayad and ¢YY.og for Bolti, were obtained from a local fish
market in EI-Minia, Egypt. Fish samples were immediately kept in ice
and transported to Food Science Department, Minia University. They
were washed, headed, eviscerated, skinned and filleted. The fillets
were randomly divided into ¢ samples one samples was used as a raw
and the others conversion were cooked in microwave, deep-oil frying
and in oven.
Cooking Methods
Microwave cooking: Fish fillets were weighted and placed in a
microwaveable plastic baking dish. The sample was cooked for Y min
at full power in a Ae+ watt maximum energy (Microwave oven,
Moulinex Type -+ €4, France).
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Deep-oil frying : Fish samples were fried without butter and breading
in sunflower oil at YA+°C for Y-Y.© min according to Charley (Y4V+)
Cooking in convection oven (Baking): Fish fillets were wrapped in
aluminum foil, placed in aluminum baking pan and cooked in
preheated convection oven at Y.« °C for Y+ min. Omega
Thermocouple, Model Y44 (Engineering; INC. Stanford, Conn. USA)
was used to measure the internal temperature of cooked samples as
illustrated in Table ).

Table Y: Conditions used for cooking fillets of two Nile fish

species

Cooking methods Bolti Bayad

Microwave cooking ®
Cooking time (min) ) )
Internal temperature °C AY A)

Deep-oil frying °
Cooking time (min) Y Y.
Internal temperature °C Ao AY

Convection oven °
Cooking time (min) Ve Ve
Internal temperature °C A) Ae

# Maximum power Ae+ watt microwave oven, Moulinex, France
® Deep -oil frying temperature =YA+ °C  ©Convection oven temperature = ¥+ + °C

Analysis :

Cooking loss: Cooking loss was calculated according to Santos and
Regenstein (Y44 +).

Proximate composition of raw and cooked fish fillets: Moisture,
protein, fat, and ash contents were determined according to the
methods outlined in AOAC, (Y44¢9),

Fatty acid composition: Total lipids were extracted with
chloroform/methanol (Y:V) (Folch, et al., Y4eV). Fatty acids methyl
esters of total lipid extracts from fresh and cooked fish fillets were
prepared using ()7 HySO: in methanol) for ¥ hour at V+°C (Makrides
et al.,"33¢). After cooling the resulting Fatty Acid Methyl Esters
(FAMS) were extracted with n-hexane, dried with anhydrous sodium
sulfate and concentrated to a small volume with a steam of nitrogen
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and transferred to micro vials for gas chromatographic (GC) injection.
The fatty acid methyl esters were identified and quantified on a
Hewlett packard 1A%+ (GC) equipped with (FID) flame ionization
detector (Hewlett Packard, USA). The samples were separated on a
Y+em HP.e capillary column (Hewlett Packard USA), :.¥YY mm
diameter, +.Y® um film thickness) using NY at a flow rate of
«.Aml/min. The chromatographic run parameters included an oven
starting temperature of Y+ + °C then increased by the rate of ¢°C/min
to YVe°C and held for Y+ min before increasing temperature to YY:°C
at A°C/ min, with a final hold of Y+ min. The injector and detector
temperature were both constancy at Ye:°C. Peaks were identified by
comparison of retention times with external standard mixture (Sigma,
St. Louis, MO, USA; 447 purity specific for GLC) on the same
conditions.

Indicates of lipid quality: From fatty-acid composition data, the
following were calculated :

Index of atherogenicity (IA): indicating the relationship between the
sum of main saturates and the that of main unsaturated, the former
being considered pro-atherogenic (favoring of lipids to cells of
immunological and circulatory),and the latter anti-thrombogenic
(inhibiting the aggregation of plaque and diminishing the levels of
esterified fatty acid, cholesterol, and phospholipids ,thereby
preventing the appearance of micro- and macrocoronary ) (Ulbritcth
&Southgate, Y44) and Senso etal, Y+ V).

IA=[(VY:+ +(£x ) €2+ )+) )]/ [ MUFSAS +PUFA-nt + PUFA-nY].
Index of thrombogenicity (IT): showing the tendency to form clots in
blood vessels . This is defined as the relationship between the pro-
thrombogenetic (saturated ) and FA (MUFSA , PUFA-n1 y PUFA-nY)
Ulbritcth &Southgate,44Y and Senso etal,Y+ V).

IT =(Yée Y )M [ (+.2 X MUFSAS ++.2 xPUFA-nT +Yx
PUFA-nY) + PUFA-nY/ PUFA-n1].

-Yov.
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RESULTS AND DISCUSSION

Fillet yield

The yield of fillet was expressed as the total weight of skinned
fillets divided by total weight of whole fish. Bayad had higher yield
value (£°.Y+7 than Bolti fish Y¢.£:7). The yield of Bolti fish fillet
was lower than that reported by Abd El-aal, (Y%21) and Farah, (Y++Y),
who showed that the yield of skinned fillets of Bolti was YA.Y+ and
¥4.v¢/. Rebhein and Oehlenschlager, (Y:+4) reported that the
proportion of fish flesh to total body weight varies between ¢+7 and
1.7, depending on species, shape, age and physiological status of the
fish. Fish with more elliptical cross sections (tuna, herring and
salmon) exhibit a much higher proportion of edible muscles than flat
fish species or species with very big heads such as monkfish. Bolti
fish had higher contents of viscera ()).A+7%), and skin and scales
(1.¥+7) than Bayad fish. The edible yield of fish flesh vary
considerably and depending on period of intensive feeding, time of
capture and amount of waste during heading, gutting, and deboning,
(Gall et al., Y3AY).

Table Y: Weight composition of two Nile fish species

Component Fish species
Bayad Bolti

Weight g Vool Weight g Vool
Fillet VYo . 4VY.oo g0y Yéo 0 LY. A vt
Head YYYo 4YYo Yoo YW 44 VALY
Frame YYo « 4VY. ¢ Yo N AN Y. YY ¥
Viscera ave £1Y i 40 £V VYA
Skin* oA )0 v ARVCEEEA 1y
Fins 1Yo 41 vA Ve +Yo0 vy
Whole body YY) £YVEY Yoo EYY o £Y. A Yoo

N = ¢ + = Standard deviation
* Skin and scales for Bolti

Proximate composition

Cooking methods gave variable values of protein, fat and ash
content for fish samples on dry weight basis (Table ¥). Deep-oil frying
decreased protein content from AY.Y¢7 to Vo VY7 for Bayad and from
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Ao «V7 to Ve V7 for Bolti. These results may be due to losing, of
protein nitrogen during cooking (Gall. Et al., Y3AY).It Also, caused
apparent lower protein content due to oil absorption during frying.
El- Sharnouby and Attia, (Y ++Y) found that deep -oil frying decreased
protein content of grey mullet from Y1.AVZ for fresh sample to 17,11/
for fried sample. Fried samples had higher fat content than that of
fresh, baked and microwave cooked samples, possibly due to
absorption of oil during frying process. No changes were found in fat
content of fillets by baking and microwave cooking. Hoffman et al.,
(Y4%¢) reported that deep-oil frying significantly increased lipid
content from Y.Y)/ to A.VVZ (wet weight basis) but baking and
microwave cooking did not have significantly effect on lipid content
of African sharptooth catfish (Clarias gariepinus). Ash content was
slightly affected after deep-oil frying and microwave cooking it
decreased from ©.V47% to €.)V7 and £.VVY/ for Bayad and from ¢.£¢7
to ¢€.)¢7 and ¢.vo/ for Bolti. Ash constituents were lost when fillets
from low fat species were broiled, baked, deep fried or cooked with
microwave Gall et al., (Y9AY). Changes in proximate composition
were more prominent in fried fillets.

Table ¥: Effect of cooking method on protein, oil and ash content
of fish fillets (on dry weight basis)

Samples Protein % Oil % Ash%

Bayad

Fresh AY YE + 0V Ve 0 £+ YA o34 + + YA

Deep -oil fried | Yo )V + 7+ | Ya o0 £V 70| €)Y £ )
Baked AY Yo +13Y))4 YEAY £ 0 EA| 0. 4+ 0 01

Microwave cooked | AYAA £« &V | YEoo £ Ve | £VY £ 00
Bolti

Fresh | Ao «) +).¥ YYYT £V ¥E| o0 f0 4+ 4\

Deep -oil fried | V€V V10| Yoot £VVA| £V ++ .9
Baked | A¢. o1 +1Y.)) YYYY +Y..4 oYY + .44

Microwave cooked | AY.Y+ £VYY | W IA £ .98 EVo £ Y

+ = Standard deviation
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Moisture content and cooking loss

Results in Table ¢ show the changes in moisture content after
cooking of Bolti and Bayad fish fillets. Generally, moisture contents
of both Bolti and Bayad fillets were decreased after cooking. The
moisture contents of fresh and cooked samples ranged from from
YA ¢A to ¢ ¢ 9% for Bolti fillets and from YANA  to 1o YVZ for
Bayad fillets. Fried samples had lower moisture content than that of
other cooking methods. The least moisture was lost from microwave
cooked fillets. These results agreed with the data reported by Abdel-
aal et al., (Y:++). Cooking methods reduced moisture content of
Grey mullet due to evaporation of moisture during heat treatment and
muscle protein denaturation (Aman, Y AY and El-sharnouby and Attia
Y«+Y, Garcia-Ariasetal., Y++Y) .
Cooking loss

Results in Table ¢ showed that, cooking of fish fillets caused
loss of weight. Frying process caused a great loss of weight (¥).)V7)
compare to the other two cooking methods. Microwave cooking had
the lower value of cooking loss for Bayad than that of Bolti fillets.
Baked Bolti fillets had lower cooking loss values than Bayad. The
major factors for weight loss were evaporation of water, fat loss and
moisture picked up by the cooking material (Costello et al., Y34+),
Sample size and fiber protein structure are important factors when
determining the cooking loss (Bouton et al., Y4V?),
Table ¢ : Effect of cooking method on moisture content and

cooking loss of Bolti and Bayad fish fillets

Samples | Moisture % | Cooking loss%
Bayad
Fresh YAEA £+ Y
Fried AT ¥y Yo +YYY
Baked Vo oy + . t¢ Yo av £V AY
Microwave cooked Vo ¥o +.\Y ESRE
Bolti
Fresh YANYA 4+« AY
Fried 0¥V 4+ .YV YV + YooY
Baked VY o +.4¢ Ve 0y £V VY
Microwave cooked vitlo + .01 Y Ay £YY™)

+ Standard Daviation

.




Fatty acid composition
Results in Table ¢ show fatty acids composition of raw and
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cooked Bolti and Bayad fillets. Raw Bolti and Bayad fillets had high
levels of oleic acid (CYA:)), ranged from YY.YVa to YY.1A€ g/ .«
fatty acids, while , palmtic acid (C)7:+) was the main saturated fatty
acid in raw Bolti and Bayad fillets (YA.92A and Y1.1VV respectively).

Table ¢ :Effect of cooking method on fatty acids composition of
fish fillets (% of total fatty acids)

Fatty Bolti fiIIet's Bayad fiIIe.ts
acids raw baked Micro fried raw | baked | MO | fried
wave wave
SFA(Saturated fatty acids)
Ch:» ATV ] OYA | s CXVY [ e Y
CA:+ CAYY | VYA ] oA | e I NN e
Chre:r RAR A R
CY:» ¥t | vaa [ s VA ] v ad | oAy e
Chle:s Yyva | vasa | AYYA [ Yy [ e evy [ FAVY | £AT [ Y
Choe:s cody | vene | voAtl | e s 247 [V AAA | v YeA
cht. YA40 [ Y..q | vaayv 3 £Ad Yol | Yiav [ YA 3.vr
A o | A % ¥
CIV:. CEY) 2R XYY O CATY [ Y aYY [ ooeve [ W04
CYA:» oYY [ v oYY [ Yoovy s s AT CXEE | A
CYe:s A exvy [y e | ovave |y L ¥ag [ v yeo | v ¥IA
CYY:. oY | YAAY | vova | ovYT [ Yaas [ yvie [ YA
MUSFA(Monounsaturated fatty acids)
Chré:n AT ATV | eves | e CXAY | e NET-L S NN
Chre:) Y AR YV Y Yoy | oAy |
C11ed YAYe [ av.ee [ YAy ¥ vay YYYY | v.sy %10 | Y vy
A A \ A %

CHV:) R CEVE | L FVY XYY | v yaary | oo
C AN YYVY | vy | oyvay | 1aeA | YYIA | vYooe | YYY. [ 4.
: q \ \ s ¢ ° . Y
CY+:) YA | YRAA | Yoy VY | ey [ Yy [ Yy | ooy

PUSFA(Poly unsaturated fatty acids)

CYA: vt oY | v cove AR [ vvey [ 1ate | VAYY | veve
CY+:'n1 oA | vevy | v avy KRR CYOA | Yeds [ Y yes | Yoovy
CY«:¥n1 YA9Y [ VA [ Yy [y | ovena | ovoat [ ovvay [ yoaw
CY«:¢nt YAt | vava | oAy tvo | oy¥eq | vevt | vade | Lave
CYY:¢nl W:'W W‘;W H;‘M £V | Yge | YYYT | YY14 | Y ¥io
CYA YT YYEA | o vAY | vaee | v yvee oY vt | vy |y e, CEAY
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CYY:oF | VavY [ vy [ venv [ vaey [ oo [ vAen | gan [ Ay

CYY:1 @F v EAQ e e v voy el V. ¥Ye)

The present results agree with the data reported by De castro et
al., (Y++V), who stated that palmtic and oleic acids present in lager
proportion Y1.ee/ and YY.Al/of total fatty acids of Nile tilapia,
respectively. Oleic acids (YA:V) increased after deep -oil frying to
14.6AY for Bolti and to 14.Y+Y g/) . g fatty acids due to oil uptake.
The fatty acids identified as polyunsaturated fatty acidsoY(PUFA®Y )
were docosapentaenoic acid DPA (CYY:enY) in Bolti lipid only,
decosahexaenoic acid DHA (CYY:1nY) in Bolti and Bayad lipid. EPA,
which one of the most important fatty acids in fish lipids, was not
found in raw Bolti and Bayad. Bolti and Bayad fillets had smallest
amount of DPA and DHA in terms of less than g/) + +g fatty acids .
linolenic acid YA:YnY levels were ).Y¢1 for raw Bolti and
Y.V+ig/) . g fatty acid for raw Bayad. For the group of (PUFA® )
the primary fatty acid was CYY:¢ n1 decosatetraenoic acid () Y.AY7),
followed linoleic acid CYA:Yn1 (.£Y17) for Bolti lipid. While, the
main (PUFA®? ) of Bayad lipid was linoleic acidCYA:Yn1 (V.V£V7),
followed by CYY:¢ n7 decosatetraenoic acid (¥.71¢¢7),

Results in Table % show fatty acid groups of raw and cooked
Bolti and Bayad fillets. Raw Bolti and Bayad fillets had high levels of
monounsaturated fatty acid accounting €¢.9A% and ¢A.«2A g/Y . g
fatty acids, respectively. Total MUFA ranged from ££.9A% to VY VAY
for Bolti and from £%1.+2A to YY.VYe g/Voog fatty acid for Bayad.
Total saturated fatty acids content of fillets of the two fish species
increased after baking and microwave cooking. Gall et al., (Y3AY)
found that baking did not affect fatty acid profile of Grouper fish
fillets but microwave cooking increased the total SFA from ¥+.£47 to
YY.YAZ. Fatty acid profile of Bolti and Bayad fillets changed greatly
after deep -oil frying. Deep -oil frying increased total unsaturated
fatty acids due to the uptake of oleic acid from the frying oil. These
results are in a good agreement with the data reported by Larsen et al.,
(Y+)+). There are minor differences in fatty acid composition of Bolti
and Bayad fillets after baking and microwave cooking. Fatty acid
profile of silver catfish (Rhamdia quelen) fillets marginally affected
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by baking and was greatly affected by deep -oil frying due to oil
absorption (Weber etal., Y+ +A),

De castro et al., (Y+ V) reported that Nile tilapia had high levels
of saturated fatty acids and lower amounts of polyunsaturated fatty
acids compared to other freshwater fish species. The results of raw
Bolti and Bayad fillets showed the unsaturated fatty acids(UFA)
content almost doubled that saturated fatty acid (Y.¢Y+ and ).37Y,
respectively.

Data in Table 1 show that (PUFA®1 ) content was higher than
that of the (PUFAwY ); total PUFA decreased after cooking. Fried
samples had lower PUSFA than that of baked and microwave cooking.
Omga-Y fatty acids decreased after cooking for all cooked samples.
Baking and microwave cooking caused little changes in USFA/SFA
ratio but deep -oil frying caused a great change in UFA/SFA ratio
(V,AVY) for Bolti and (1.£))Y) for Bayad fillets. A minimum value of
PUFA/SFA ratio recommended is +.¢°¢ (HMSO,)34¢)which was
lower than those obtained from all sample studied.

Table 1: Effect of cooking method on fatty acid groups of fish

fillets
Fatty acid Bolti fillets Bayad fillets
groups raw Baked | microwave | fried raw baked | microwave | fried
Total SFA YAYYYV| Yo VoA | YEAOY [ VY YAO| FYVYY | Yo . Y)Y | YiVio [VY £qy
Total
£ AAT| oy ova | foYYo | VY VAY| £ACOA | £V YYO | £T VYY) [VY)Yo
MUFA . . . . . . . .

Total PUFA | Yo ¥3Y| YV.Ave | Y4.4)Y [Yo.aYs| YANAY | YV ¥YTo | YA 0t |Y¢ vaY

Total UFA Yo VEA] 19 YoY T VeV [AA VYo | T Yol | g 4avA 1o, Yoo |Al 0.V

Total oY vYoud | Yy ydo YOO [ YVYY | ¥YYe | VARA | YYY | Ve
Total nt YYYO¥| VUYYA | YAYAo [ YEXVY| VEAVA [ Vo £V | Yooy [T YYY
nteo" TEEY [ VYAV | YN | AN | YA | AYEY | ot V) Yot
®%/nt CNOA | A COAY CAYC | e XYe | Y. <A AN
UFA/SFA | Y.£YY | Y Yoy VAT | Y ATY | ) ane | ) Aee YVAYA | 1))
PUFA/SFA | . AMY | «ove «.oV) Y.EVY | v edy | gay AR Yoy
IA* VAT | VEA CAVY CAOY | e Yy | ey CIAL | e

AL
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[T** CAYE | avvs COTY | IV [ LVEA | AN CYIY | Yy

IA*Index of atherogenicity
IT** Index of thrombogenicity

The highest PUFA/SFA ratio was obtained from both fried Bolti
and Bayad fillets Y.¢)Yand).:1V, respectively. These results agree
with the data reported by Ozogul et al., (Y:+VY), who stated that
PUFA/SFA ratio of all freshwater and seawater species studied was
higher than the minimum value of PUFA/SFA ratio recommended (
+.£2), The ratios of nl/wY were high in all studied samples and
ranged from ¢.)+1 toVY Y1, The ratios of ®¥/ n were low and
ranged from +.+AY to +.Y)2, With regard to quality indices considered
, IA and IT presented low values, which is good nutritional quality .
These are in agreement with the data reported by Seno etal., (Y« V).

CONCLUSION

Bayad fish had higher fillets yield than Bolti. Deep-oil fried
decreased the protein content of Bolti and Bayad. Fried samples had
higher oil content than that of fresh, baked and microwave cooked
samples due to absorption of oil during the frying process. Frying
process caused a great loss of weight (Y).)YZ) compare to the other
two cooking methods. Fatty acid profile of Bolti and Bayad fillets
changed greatly after deep-oil frying. Generally, Nile fish species
(Bolti and Bayad) were a suitable sources of PUFAs and the ratio
PUFA/SFA was higher than that value (+.£°) recommended by UK
Department of health.
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