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Abstract. The effect of cooking on the fatty acid content and the stability of n-3 fatty acids in fish flesh were
studied. The cooking methods used were baking, frying with palm oil, steaming, boiling and microwave
oven. Six fish species (kanad, Shoar, Hamor, Bory, Morgan, and Bolty) were studied. The content of n-3
PUFA in fish flesh were more than 23% of total lipids except Bolty which contained only 16% of total lipids.
The n-3 PUFA content in flesh decreased in most species due to frying. The n-3/n-6 ratio was approximately
one for morgan, shoar and bolty while for other was higher. Based on these data, all cooking methods can be
used without significant loss of n-3/n-6 PUFA ratio especially if the cooking oil does not interfere with the
biological effects on n-3 fatty acids.

Introduction

The effects of n-3 polyunsaturated fatty acid (PUFA) on lipid metabolism have been
extensively studied in the last decade {1, p. 128;2,3,p. 167; 4, p. 268]. These fatty
acids (FA’s) have been shown to modify n-6 (PUFA) metabolism [5]. It has also been
suggested that an increased daily intake of n-3 PUFA to 0.5-1 g/day would reduce risk
of cardiovascular death {6-7]. Increasing the intake of PUFA precursor, Ot-linolenic
acid, will lead to increased n-3 PUFA in plasma [8] and show anti-aggregatory effects
on platelets [9-10]. Dietary trials aimed at reducing the risk of cardiovascular diseases
have emphasized the importance of ingesting marine oil and fish products that are rich
in n-3 PUFA and poor in n-6 PUFA [11-12]. The beneficial effects have been attributed
to an increased ratio of n-3 to n-6 PUFA in blood lipid and cell membrane lipids.

Fish and other aquatic food stuffs are the major source of long chain n-3 fatty acid
in human nutrition. The fatty acid composition of raw fish has been widely studied by
Ackman [13]. However, the number of reports concerning the effects of cooking on the
stability of n-3 FA’s is limited [14-16].
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The aim of this study was to examine how different cooking methods affect FA
content of fish. Six important species in Saudi market with a different size and fat
content were selected for this study.

Materials and Methods

Sampling

The study was conducted during the year 1996. Six fish species which are most
commonly consumed in Saudi Arabia were obtained from one of the largest fish markets
in Riyadh City. The fish species obtained were Kanad (Scomberomrus commerson),
Shoar (Lethrinus minatus), Hamor (Epinephelus microdon), Bory or Araby (Valamugil
seheli), Morgan or Anteg (Pristipomoides typus) and Bolty (Tilapia mozambique). The
fish, except bolty species, were all caught from the Arabian Guif east of Saudi Arabia,
and were landed several hours after the catch. On board, they were kept covered with ice
and were subsequently shipped in a refrigerated truck to the commercial fish store. On
arrival they were immediately transported under ice to the laboratory for sample
preparation and analysis. Bolty is fresh water fish that is grown in Fish farms in Saudi
Arabia.

Upon arrival, a sample from each fish species was washed with cold water and
filleted then it was cutup to pieces and was then divided into six lots. These were: one
for control (raw fish) and the others for baking, frying, steaming, boiling, and
microwave cooking.

For the first lot (raw fish), the skin was removed and the edible portions (muscles)
of the fish were handseparated and then ground through a 0.31 cm. plate four times to
obtain a homogenous sample. For the remaining lots, the skin of the fish were also
removed after the cooking process. For each of the above six cases (raw, baked, fried,
steamed, boiled and microwaved), three composite samples were prepared from each
species where the edible portion from three fish of the same species were ground to a
composite sample. The samples were wrapped in plastic films, overwrapped with
aluminium foil, and stored in the freezer at -20°C until it was subjected for analysis.

Cooking methods

Frying: Fish were placed in a frier rack AEG Electrical fried Type EWK 0037
Model FT 102 and cooked using palm oil having a fatty acid composition of about
45%, palmitic acid (16:0), 37% oleic acid (18:1), and 11% linoleic acid (18:2), and
heated to 170°C for 4 minutes.

Baking: Fish were cooked uncovered in a dry heat oven model NMK, Barbecue
King Ltd., Reading, U.K. (130°C for 25 minutes).

Microwave cooking: Fish were cooked uncovered for 2 min. in Tappan
microwave oven model 65-4787-10/01174. operating at 2450 MHz.
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Boiling: The fish were placed in heat resistant polyester (ICSIS) bags in boiling
water for 6-10 min. and then immersed directly in cold water to prevent over cooking.
Steaming: Fish were cooked in an open autoclave for 10 min.

Lipid and moisture:

Lipid was extracted according to the method of Folch et al. [17] using chloroform-
methanol (2:1 v/v). Total lipid content was obtained before and after cooking of all and
was determined gravimetrically.

Moisture was determined by drying weighed samples in vacuum oven at 70°C to a
constant weight. ‘

Fatty acid analyses B

Fatty acid methyl esters (FAME) were prepared as described by Metcalf ef al.[18].
Aliguotes of lipid extract were saponified with methanolic KOH(0.5N) solution by
refluxing for 15 min. at 90°C. After addition of 4 ml boron triflouride methanol reagent
(20% BF3 in methanol), the sample was boiled for another 2 min. FAME were
extracted twice with hexane and analysed by gas liquid chromatography GC 17A
equipped CRO6A integrator (Shimadzu Co. Japan) and a capillary column, Supelco wax
10, 30m x 0.32 id, 0.50 um film thickness ( Supelco, Bellefone, PA). The oven
temperature was programmed from 110 to 185°C at 2°C/min., and then increased to
220°C at a rate of 4°C/min. with a final hold time 5 min. Injector port and flame
ionization detector temperature were 250°C_and 260°C; respectively. Helium was used
as a carrier gas at inlet pressure 1.2 kg/cm”. Six standard mixtures of 22 pure FAME
(Supelco and Sigma Co.) were used to confirm the identification. Fatty acid methyl
esters whose relative retention time did not directly correspond with that of available
standard FAME were named as “others”. Standards were routinely chromatographed to
establish retention times in order to determine the response factor for the individual fatty

acid. All FA’s esters were run in duplicate. Pentadecanoate was used as an internal
standard.

Statistical anlysis

Data were analysed by analysis of variance (ANOVA) using statistical analysis
system programm SAS [19]. Differences among the means were determined for
significance using Duncan’s multiple range test [20, p. 63].

Results and Discussion

The effect of different cooking methods on lipid content, fatty acid composition
and moisture content in fish fillets are summarized in (Tables 1 to 6). The lipid content
of fillets on fresh weight basis from the six species ranged from 2.5% in morgan to
8.6% in kanad. The lipid content and the composition of fatty acid in fish samples may
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be related to factors such as size, habitat, physical and nutritional status [21-23]. The
changes observed in the amount of total lipid as the result of cooking fillets (not fried)
appears to be directly related to the original lipid content of the raw fillets. The hipid
content of baked, steamed and microwave cooked samples of all the species increased
slightly in comparison with the lipid content of raw fillet. During cooking, moisture
was decreased, but there was no apparent loss of lipids when compared to raw fillets as
shown in (Tables 1 to 6).

Table 1. Lipid , moisture ( % ), and fatty acid composition of lipid ( % total lipid ) in kanad fish, as
affected by cooking method

Fatty acid Raw Baking Frying Steaming Boiling Microwave
14:0 5.8%10.8 6.0°41.7 5.1%10.2 5.8'+1.8 6.9°+0.4 7.040.5
16:0 18.2°H0.8  17.8+5.0 21.1*1.0 17.1%5.4 20.3%1.7 19.2*11.6
18:0 4.840.7 4.611.3 4.7°10.2 4.6't1.5 5.7*+0.2 5240.5
20:0 1.1°40.7 1.8%+0.5 2.040.1 0.7°40.3 1.0%+0.8 0.6°10.1
TOTAL 29.943.0 30.248.5 32.9£1.5 28.249.0 33.943.1 320827
16:1 8.0%t1.1 8.2%42.5 7.3240.3 7.7°43.0 9.240.8 9.3°10.7
18:1 12.0%1.3  12.3%43.4 15.4+0.9 11.3%42.9 13.9°404  13.1%1.1
20:1 44+1.8 52%40.2 2.3%40.1 4.0%+1.2 4.0°°+0.8 3.7%+0.9
22:1 4.110.3 4.0°£2.7 3.040.1 46423 4.0°10.1 3.1%40.7
TOTAL 28.5+4.5 29.748.5 28.0+1.4 27.619.4 3114211 29.2434
18:2 n-6 1.9°40.2 2.1%+0.4 3.2%40.1 2.0°+0.3 2.3%41.0 1.8°40.2
18:3n-3 0.840.5 1.4°+0.2 0.9%40.1 0.9°10.8 0.8%40.6 0.7°40.3
20:2 n-6
20:3n-3
20:4 n-6 3.3%+1.0 2.840.2 3.1°40.1 2.9%1.7 2.641.4 2.040.3
20:5n-3 14.1%1.5  13.944.3 12.4'10.6 15.3*+2.6 13.0+0.2 13.9%1.0
22:4 n-6 2.6°10.1 1.7%1.5 1.8%10.1 3.24420 1.1*40.2 2.041.0
22:5n-3 5.0°40.1 43124 3.910.1 5.3%t1.6 3.540.2 4.9%41.0
22:6n-3 10.3%40.1 10.5+0.4 10.310.4 10.7°£1.3 10.2*t1.5 11.4%+1.5
TOTAL 38.043.5 36.74£9.4 35.6t1.1 40.3x10.3 33.545.1 36.746.3
OTHERS 3.6'10.7 34433 3.5%424 3.84424 1.2¢404 2.0°£1.0
n-3 30.2 30.1 27.5 322 27.5 309
n-6 78° 6.6 8.1 8.1 6.0 58
n3/né 39 4.6 4.6 40 4.6 53
Lipid, % 8.6 9.1 9.0 9.3 8.9 10.1
Moisture (%) 74.39 69.3 57.0 72.0 70.4 68.3

Means in the same row, followed by different superscripts letters are significantly different (p<0.05).
( Means + standard deviation, n=3 ).

There was no apparent change of lipids content of kanad even after frying. Other
fish morgan, shaor, bolty and bory with respect to raw lipid content of 2.5%, 3.9%,
4.4% 3.5% , have absorbed as much as twice their lipid content after frying. However,
lipid in hamor fillets (raw 5.1%) has shown little increase of lipid content after frying.
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This indicated that gain or loss of lipids from fish is closely related to the lipid content
of raw fillets. As the amount of lipid in raw fillet increased, the oil absorbed from the
cooking medium decreased. A similar study also showed that fish fillets containing
lower amounts of lipid tended to absorb more oil during cooking [14, 15].

Table 2. Lipid, moisture ( % ) and fatty acid composition of lipids (% total lipid) in shaor fish as

affected by cooking method
Fatty acid Raw Baking Frying Steaming Boiling Microwave
14:0 0.7°40.5 0.9"40.2 0.9°+0.3 2.3°+0.2 0.8°£0.8 1.4°40.7
16:0 12.3%48.5  12.3%43.5 23.1%46.8 15.8%+1.9 6.3°£2.3 8.8°+2.3
18:0 4.0%+1.0 61422 3.1¢1.0 7.340.3 34409 4.7%+1.7
20:0 2.6*40.9 1.0%1.2 2.0°+1.4 1.4°+0.8 2.7°43.2 2.6+1.4
TOTAL 19.6£10.9 20.31£7.1 29.149.5 26.843.2 i3.247.2 17.546.1
16:1 2.0°1.0 2.340.8 1.3%40.5 6.3°40.2 2.2°¢1.0 2.6M41.2
18:1 8.1°20.6 10.2%+3.6 26.2*17.5 15.7%+1.2 6.9°1.1 10.6%+3.0
20:1 3.6'1.8 2.4%1.9 3.012.0 3.4%19 5.0%41.9 44427
22:1
TOTAL 13.743.4 14.916.3 30.5+10.0 254433 14.1+4.0 17.616.9
18:2 n-6 200409 - 22424 6.4°+1.8 2.9°40.9 1.2540.5 2.0°1.1
18:3n-3 1.240.1 1.2%1.1 1.3%40.8 1.3+0.9 1.9%0.9 2.2+1.9
20:2 n-6 2.6'10.6 2.040.6 1.3%1.2 0.8%+1.7 - 27403
20:3n-3
20:4 n-6 137426 10422 5.0°402.2 6.040.8 13.24£1.6 9.8%+0.9
20:5n-3 14.2%42.0  16.3+5.5 10.0*46.2 8.0°+2.6 19.5*1+4.4 14.8°+3.5
22:4n-6 6.4%1.6 5.6%12.7 2.6%40.4 4.8°+1.3 6.7°£0.9 6.9%x1.9
22:5n-3 4.3%40.7 5.7%+2.2 2.8%+1.0 5.2%+1 4 6.3't1.6 4.3%+20
22:6n-3 14.0%+2.2  17.3%43.7 6.7°42.1 12.8%+1.1 13.8%43.0 16.1%42.0
TOTAL 58.4+10.7  60.7+20.4 36.1£15.7 41.8+10.7 62.6+12.9 58.8t13.6
OTHERS 8.3*+0.1 4.1%43.7 43421 5.9%42.1 10.0°+0.9 6.0%42.5
n-3 339 40.5 20.8 20.8 41.5 39.0
n-6 24.7 24.7 15.3 14.5 21.1 214
n3/né 1.4 1.7 1.3 1.8 2.0 1.8
Lipid% 39 2.6 8.0 27 24 36
Moisture (% ) 79.23 70.6 56.3 75.8 754 72.7

Means in same row, followed by different superscripts letters are significantly different (p< 0.05).
( Means + standard deviation, n=3 ),

The fatty acid composition of all six species was dominated by the n-3 PUFA,
particularly docosahexaenoic acid (DHA; C22:6 n-3). However, eicosapentaenoic acid
(C20:5 n-3) was more than 10% in all species except in hamor and bolty, it was 5% of
the total fatty acids. Docosapentaenoic acid (DPA C22:5 n-3) and c-lenolenic acid
(C18:3 n-3) were also identified in all samples but their proportions were generally less
than 5 and 2% of the total fatty acid, respectively. The proportion of DHA and DPA
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was almost the same in bolty and bory. Eicosatrienoic acid, C20:3 n-3, level in hamor
and bolty was found to be 2% of total fatty acids.

The n-6 series PUFA were also present in all the six species with hamor and kanad
species having less than 10% of total lipids, whereas morgan showed the highest
percentage of n-6 series PUFA, 26.5% of total lipids, followed by shaor (24.7%), bolty
(19.3%) and bory (13.1%). The major n-6 series PUFA in all six samples was
arachidonic aicd (C20:4 n-6). Morgan and shaor contained more than 10% of C20:4 n-6
as compared to the other four species. The level of C20:4 n-6 in these four species was
less than 4%. Linoleic acid (C18:2 n-6) was found almost at a level ranging from 2 to
3% in all species except in bolty where it constituted about 10% of the total fatty acids.

Table 3. Lipid, moisture { % ), and fatty acid composition of lipids (% total lipids) in hamor fish, as
affected by cooking method =

Fatty acid Raw Baking Frying Steaming Boiling Microwave
14:0 2.4%+0.2 2.7*+0.3 2.3°+0.3 2.3%40.6 2.64+0.1 2.5%10.1
16:0 21.3%41.0  23.8%43.0 29.5%0.5 18.2°45.0 19.8%140.3 19.4%40.3
18:0 6.4%10.2 6.740.7 5.743.8 5.9%1.7 5.7°40.1 5.90.3
20:0 1.2%+0.6 0.6°40.2 - 1.22+0.9 0.4%+0.1 0.7°+0.1

TOTAL 313820 33.844.2 37.5+4.7 27.648.2 28.540.6 28.5+0.8
16:1 7.3%40.1 7.7441.3 4.940.8 5.8%+1.6 6.2°%40.1 6.1%%40.2
18:1 15.8%+0.3  15.7%41.5 26.3%3.7 14.3%43.9 14.0540.2 13.7°40.5
20:1 4.3%412 2.1°%403 1.7°41.8 5.0%1.6 3.1%10.1 3.0%+0.2
22:1 1.7°40.6 2.440.8 1.7%42.3 2.642.1 43125 2.640.6

TOTAL 29.1£2.2 27.943.9 34.628.6 27.749.2 27.6£2.9 254415

18:2n-6 3.0%41.0 1.6°0.3 6.0°+0.7 2.9%41.1 1.8%10.1 1.8%+0.1
18:3n-3 2.0%+1.0 0.4°+0.3 - 2.2'40.9 0.9%40.1 0.8%40.3

20:2 n-6 2.040.2 0.5°£0.3 0.6°40.3 2.7%1.0 1.6°40.2 1.7°40.1

20:3n-3 2.0%40.3 0.7°40.3 0.1%40.1 23408 1.4%40.2 1.5%40.4

20:4 n-6 3.0°40.5 3.3%1.3 1.7%40.7 4.0°1.0 3.4'40.1 3.640.3

20:5n-3 4.6"10.2 7.2°£1.0 4.3%+3 8 3.3%40.5 6.0™+2.4 4.9%40.4

22:4n-6 L7*%408  2.7%41.1 1.3%40.2 3.1%42.6 3.5%40.4 4.610.9

22:5n-3 5.3%11.1 6.1°+0.8 3.9%41.0 6.342.6 7.240.4 7.540.5

22:6n-3 11.7°°£1.9  12.643.0 8.3%40.8 14.0°£3.9 13.3*£0.6 14.9%+1.1

TOTAL 35.447.0 351184 26.247.6 40.8+11.8 39.1#4.5 40.9+4.1

OTHERS 4.142.1 3.2%1.1 1.740.5 3.9%43.1 4.740.6 4.740.6
n-3 252 27.0 16.8 27.9 28.8 29.7
n-6 9.7 8.1 9.6 12.7 10.3 11.3

n3/n6 2.5 33 1.8 22 2.8 2.6
Lipid % 5.1 58 6.4 4.9 4.2 6.1
Moisture (% ) 78.5 70.4 67.3 75.9 76.4 74.7

Means in same row, followed by different superscripts letters are significantly different (p<0.05).
( Means + standard deviation, n=3 ).
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Table 4. Lipid, moisture { % ), and fatty acid compesition of lipids (% total lipid) in bory fish as

affected by cooking method
Fatty acid Raw Baking Frying Steaming Boiling Microwave
14:0 4.0°%+0.1 53°40.2 2.5940.2 3.1%41.0 3.94¢1.0 4.9%40.5
16:0 20.7°+0.2 22.2%+1.0 30.4*+2.0 14.0°t4.6 21.2%1.5 21.1%1.7
18:0 3.340.1 3.840.3 3.7°+0.2 2.840.5 3.441.0 3.8*+0.4
20:0 1.9%+0.2 1.2%+0.8 0.7%40.8 1.0%+1.0 2.3'+1.9 2.0%40.1
TOTAL 29.940.6 325123 37.313.2 20.9+7.1 30.8+5.4 31.882.7
16:1 13.23+0.2 15.7%%1.0 5.8°0.4 9.7°+3.1 13.8%+1.2 14.8%+1.5
18:1 9.9%+0.1 10.6*10.9 30.1%+2.2 7.3¢1.8 10.0"43.3 12.0°40.7
20:! 4.0°+0.6 3.0"+1.8 1.3%40.4 3.3%+1.9 474421 3.0%+1.4
22:1 3.1°10.1 21104 1.8+1.2 3.2°40.3 2.3%1.0 2.1*10.5
TOTAL 30.241.0 314441 39.0+4.2 23.547.1 30.847.6 31.9+4.1
18:2 n-6 2.5%40.1 2.6%1.1 7.3*+1.0 1.8°1.0 2.8°42.0 2.2°40.8
18:3n-3 1.0%40.1 1.1%1.1 0.4%40.1 1.0%1.0 1.6%+1.1 1.1*+0.5
20:2n-6 2.0°40.2 1.1°41.0 0.1%40.1 2.0%1.0 2.0°40.4 1.6*40.6
20:3n-3
20:4 n-6 5.4%10.1 3.2°40.5 1.4%40. 7.442.7 6.0"+1.2 4.0%+0.2
20:5n-3 11.3%40.1 10.4%+1.8 6.3%433 18.9%+3.7 11.7°43.7 10.6"+1.3
22:4n-6 3.2%10.1 2.0%1.8 1.6*10.7 6.3'+3.5 2.0°+2.0 2.2%1.1
22:5n-3 6.3*+0.1 7.7*43.3 2.3%40.2 6.7°+0.7 4.9%+2.9 5.6%+1.1
22:6n-3 5.0%40.1 5.6'+2.2 2.3%403 5.2'%+1.4 4.4%+1.6 6.0%1.6
TOTAL 36.740.9 33.7+12.8 21.74£7.9 41.3+14.0 35.4£14.9 333472
OTHERS 3.2%40.1 2.4%+0.2 2.0°40.6 6.3*+1.3 3.0%43.6 3.0%+1.7
n-3 23.6 24.8 113 318 22.6 233
n-6 13.1 8.9 10.4 17.7 13.0 10.0
n3/n6 1.8 27 1.1 1.8 1.7 23
Lipid % 35 52 89 4.5 5.7 5.1
Moisture ( % ) 78.37 9.3 54.37 72.0 74.6 73.0

Means in the same row , followed by different superscripts letters are significantly different (p<0.05).
( Means = standard deviation n=3).

The major monounsaturated (MUFA) was oleic acid (C18:1), it ranged from 6.5%
in morgan to 23.7% in bolty with mean value of 12.6, followed by eicosenoic acid
(C20:1) and docosaenoic acid (C22:1) with mean values of 3.9% and 2.6% of total fatty
acids, respectively.

Palmitic acid (C16:0) was the major saturated fatty acid ranging from 10.8 to
21.3% of the total fatty acids in morgan and hamor, followed by myristic acid (C14:0),
stearic acid (C18:0) and arachidic acid (C20:0) in small amounts. Unidentified fatty
acids called as “others” ranged from 3.2 in bory to 8.3% in shoar of the total fatty acids.
In general, long chain PUFA n-3 were well retained by different cooking methods. No
significant change (P>0.05) was observed in C22:6, C22:5, C20:3, C18:3 n-3 series
PUFA in all the species after baking, steaming, boiling and microwave cooking.
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However, a lower value of C20:3 and C18:3 were obtained after baking of hamor. A
significantly higher (P<0.05) value of C22:6 was found in morgan after microwave
cooking. It might be due to subcutaneous deposit of fat under the skin which was melted
and absorbed by the edible portion of the sample during cooking. Significantly lower
(P<0.05) percentages of PUFA n-3 were observed in all these species after frying
reflecting the absorption of frying oil. No changes were observed in total n-3 PUFA
after baking, steaming, boiling and microwave cooking in all six species. This study is in
agreement with studies previously reported by Mai ez al. [14], Asiedu and Agren and
Hanninen [24 -25] showing that PUFA are not significantly destroyed in the process of
baking, boiling, and microwave cooking.

Table 5. Lipid, meisture, ( % ), and fatty acid composition of lipids (% total lipids) in morgan fish as

affected by cooking method
Fatty acid Raw Baking Frying Steaming Boiling Microwave
14:0 1.6%40.3 1.1%40 .4 0.84+0.1 2.740.5 1.5%d40.2 2.1%30.2
16:0 10.8°40.5 1029443 1 21.740.8 12.3%10.5 14.6°10.5 10.6"%40.9
18:0 5.1%0.1 5.7%+1.6 2.9°40.1 6.4%+0.6 5.4%40.1 5.9%40.4
20:0 2.240.1 2.0%0.5 0.6°40.5 1.6"+0.6 0.2°40.1 1.0%40.2
TOTAL 19.741.0 19.04£5.6 26.0+1.5 23.042.2 21.740.9 19.6+1.7
16:1 1.7°40.1 1.7°40.5 0.2%40.1 2.6%+0.2 3.1%40.4 2.0%40.2
18:1 6.5°40.1 6.6°t1.3 27.6*1.0 7.9°40.8 11.3%40.3 7.440.3
20:1 3.840.1 3.8%40.6 1.0°40.6 4.040.8 2.1%40.2 2.1°40.3
22:1 4.4%40.1 2.5%40.3 2.0a+0.2 2.640.4 2.8441.9 4.740.1
TOTAL 16.410.4 14.612.7 30.8+1.8 17.142.2 19.342.8 16.240.9
18:2n-6 2.8%40.3 5.7%1.2 7.1340.7 2.0°1.2 1.6°+0.1 1.9%40.2
18:3n-3 2.540.1 2.3*+0.5 0.8%+0.2 2.640.3 0.2°40.1 1.4%40.2
20:2 n-6 5.640.9 5.342.1 2.840.5 4.1%41.1 2.7°40.3 4.6*40.7
20:3n-3
20:4 n-6 10.340.4 11.041.5 6.2°41.0 9.0%12.0 7.8%10.5 9.1*+1.7
20:5n-3 12.2%40.5 9.7°2.3 11.043.4 10.0*+4.7 10.4%2.7 10.5%1.1
22:4 n-6 7.8*+0.1 7.3%40.8 4.1%40.5 7.0%40.7 6.9°+0.7 8.210.1
22:5n-3 4.1%40.8 4.2%+1.4 3.4°40.5 4.00.3 5.2%40.4 4.0440.7
22:6n-3 13.0°45.0  14.6™43.6 4.1540.4 17.1%40 .4 17.3%10.1 18.1%+1.3
TOTAL 58.348.1 60.1£13.4 39.547.2 55.8+10.7 52.144.9 57.846.0
OTHERS 5.6+2.8 6.2°£2.0 3.7%40.6 6.0%41.3 6.8*+0.6 6.3:0.7
n-3 31.8 32.8 19.3 33.8 33.1 34.0
n-6 26.5 29.4 20.2 22.1 19.0 23.8
n-3/n6 1.2 1.1 1.0 1.5 1.7 1.4
Lipid, ( %) 2.5 32 48 27 2.5 2.8
Moisture (%) 7771 64.6 52.0 73.25 69.6 73.0

Means in the same row, followed by different su;

( Means + standard deviation, n=3 ).

perscripts letters are significantly different (p<0.03 ).
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No significant difference (P<0.05) was shown in major PUFA C20:4 of n-6 series
after baking, steaming, boiling and microwave cooking in all the species. However, a
lower value (P<0.05) was observed in morgan, shaor, bory and bolty after frying.
Whereas no change was found in fried hamor and kanad. This might be due to
association with phospholipids which tend to retain stable during frying [26].

C20:2 and C18:2 n-6 series PUFA remain unchanged after cooking (P<0.05)
except in frying. The fatty acid C20:2 was lost after frying whereas C18:2 n-6 increased
possibly from cooking oil.

Table 6. Lipid,moisture, ( %) and fatty acid compotion of lipids (% total lipid) in bolty fish , as affected
by cooking method

Fatty acid Raw Baking Frying Steaming Boiling Microwave
14:0 2.8%404  2.6%10.5 1.4%40.1 3.0%40.1 2.1%+1.0 324409
16:0 16.6°42.2  17.6°43.4 31.140.1 21.5%+1.1 13.1%45.9 18.4°44.9 -
18:0 3.7%40.6 4.1%:0.4 4.140.1 5.040.1 3.291.1 4.1%43.2
20:0 1.8%40.7  3.0°+1.0 0.7°+0.6 2.6"+0.9 4,142.0 1.4°+0.4
TOTAL 249439  27.353 37.340.9 2321422 22.5+10.0 27.148.7
16:1 5.240.6 5.7+1.2 2.0°40.5 6.9*40.1 4.9°1.5 6.2°£1.8
18:1 23.7%436 244%+35 348432 27.7%4+0.3 19.7°46.2 24.3*%42.9
20:1 3.4%1.4 4.7°:0.3 1.1°+1.0 2.2%40.6 4.0%+2.1 3.4%40.5
22:1 2.2%2.3 2.1%0.1 0.3%40.1 1.240.3 2.6'+0.80 3.042.2
TOTAL 34.5¢7.9 369451 38.244.8 38.0+1.3 31.2+10.6 36.947.4
18:2 n-6 10.0°£1.5  11.6%t1.5 9.642.1 11.6*40.3 7.9%3.4 10.242.9
18:3 n-3 1.540.7 24409 0.840.5 1.6*40.7 2.44%1.1 1.1%40.2
20:2 n-6 2.8*10.6 2712 0.7°40.6 2.1%1+0.9 1.8*+0.3 2.2%40.6
20:3n-3 2.640.2 22408 0.7°40.2 1.3%40.1 1.7%40.6 1.940.3
20:4 n-6 3.9%40.2 4.0°£1.5 1.4*+0.1 3.610.2 3.740.8 3.0*40.5
20:5n-3 6.1%1.7 6.543.0 5.042.9 2.340.8 6.9%3.7 5.244.9
22:4 n-6 2.642.1 1.3*10.7 1.4%1.4 1.0°40.2 4,3%42.0 2.74£2.0
22:5n-3 24421 1.0440.3 1.2%1.2 1.040.4 41425 2.8%42.7
22:6 n-3 3.1%43.5 2.3%1.1 2.2°42.0 4.1%40.1 9.044.0 3.8%43.1
TOTAL  350+12.6 340+11.0  23.0+11.0 27.843.7 41 8+18.4 32.9+17.2
OTHERS 5.5'%1.8 1.6£0.1 1.441.7 1.3°40.1 4,340.8 3.043.0
n-3 15.7 15.3 9.9 10.3 24.1 14.9
n-6 19.3 19.6 13.3 18.3 18.1 18.1
n3/n6 0.8 0.7 0.7 0.5 1.3 0.8
Lipid % 44 47 8.8 43 42 58
Moisture (%)  77.73 66.4 57.36 73.0 74.6 73.2

Means in the same row, followed by different superscripts letters significantly different (p<0.05).
( Means  standard deviation, n=3 ).
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Significantly lower (P <0.05) percentage of C16:1, C20:1, C22:1 and higher level
of C18:1 were found in all species in fried fillets as compared to raw fillets and fillets
cooked by all other methods. Similarly unidentified “others” fatty acid and C16:0 were
also found higher (P<0.5) after frying in all the species under investigation. Other
saturated fatty acids C14:0, C18:0 and C20:0 showed no differences (P<0.05) after
cooking in all the species under investigation.

With regards to n-6 PUFA for species such as shoar, bory, morgan, and bolty,
their fillets contained more than 10% of the total fatty acids. The major n-6 fatty acid
present was C20:4, other FA of the n-6 series present include 20:2 and 22:4 which
decreased in fried shaor, hamor, morgan, and bolty had been found. With regards to n-3
PUFA, kanad, shoar, hamor, bory, and morgan all contained more than 23% n-3 PUFA,
bolty were lowest in percentage of n-3 PUFA had 16%. In general n-3 PUFA were well
retained in different cooking methods. Their content in flesh decreased in most species
during frying. Slight increase was found only in baked and boiled shoar. The greatest
decrease in n-3 PUFA took place in fried species where about 50% decrease were
found. The ratio of n-3/n-6 PUFA was mostly one for shoar, morgan, and bolty while for
other species it was higher. However all cooking methods had slight effect on n-3/n-6
PUFA ratio in all species, and all cooking methods can be used without significant loss.
When cooking oil is used for frit should not interfere with biological effect on n-3
PUFA. Fish rich in n-3 PUFA have been proposed as antithrombotic dietary
supplements [27-28]. Oil rich in n-3 would provide substrates for the synthesis of
platelet antiaggregatory factor such as thromboxane and prostacylin of the 3-series. The
use of fish or fish oils rich in both n-3 and n-6 PUFA may provide a more balanced
dietary approach especially when the potentially deleterious effect of fish oil feeding is
considered [29].

In conclusion that the amount of moisture and lipid lost during cooking in non lipid
environments appeared to be influenced by the original lipid content of the fillet. The
amount of lipid absorbed by a fillet cooked in oil decreased as the original lipid content
of the fish increased. Fried fillets absorbed the major fatty acid in the cooking medium
which resulted in a relative decrease in the percentage of other fillet faity acids.
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