
J. Food and Dairy Sci., Mansoura Univ., Vol. 3 (12): 707 - 714, 2012 

STUDIES ON THE EFFECT OF COOKING METHODS ON 
THE STABILITY OF MONO AND POLYUNSATURATED 
FATTY ACIDS CONTENTS IN BOLTI FISH 
El-Gammal, Om El-Saad I.  and Amal A. Matter 
Food Science& Technology Department, Faculty of Home Economics, 
Al-Azhar University. Egypt. 

 
ABSTRACT 

 
 Current study was designed to evaluate the effects of grilling and frying 

process as the  traditional and quick home –made meal by the house-holder, fish 
shops and restaurants on mono and polyunsaturated fatty acid (ω3 , ω6, ω7,and ω9)-
MUFAs &PUFAs. Comprising 32.67% for fresh and 32.92% for grilled samples as 
total monounsaturated fatty acids (C16:1, C17: 1 and C18:1), respectively revealed 
total increase up to 0 .77%. Omega ω9 oleic acid achieved a considerable increase 
up to 13.77%.On the other hand, "Omega 7" (9Hexadecannoic) showed a highly 
decrease of all samples reached to 53.71% owing to the same processing method. 
By the same manner; (Polyunsaturated fatty acids (PUSFA) showed considerable 
decrease for both ω3& ω6 fatty acids(C18:2, C18:3,C20:2,C20:3,C2o:4,C20:5and 
C22:6 with the aforementioned treatment achieving 20.77,and 15.16%, respectively 
by total percentage 27.01%.                                                                                               

On the opposite, the frying process comprised considerable increase in total 
MUSFA that fluctuated between 32.67 to 44.48% with an average change 36.15% in 
increase for fresh and fried fleshes, respectively. It is also obvious that oleic acid ω9 
was the main MUSFA one having the large amount of this increase at all that 
achieved 51.82% increase. Linolic acid ω6 the PUSFA              comprised a 
magnitude level of this increase with the process frying. Finally, It could be said frying 
increase both mono& polyunsaturated fatty acids especially Linolic acid ω6 & oleic 
acid ω9 moreover, it decreases the total ratio of the SFAs that cause many health 

troubles.                                                                                                              .   

       INTRODUCTION 
 

           There are three types of fat are consumed by us, Saturated, 
monounsaturated and polyunsaturated. Fish oil attracted worldwide attention 
after the European congress of Ca September 2008, "statins"-the supposed 
Omnipotent medicine heart ailments were not enough to provide 
comprehensive management possible complications (Dumaguing                             
Omacor, 2009).The fish oil have the essential fatty acids omega-3 and 
omega -6 which are polyunsaturated (EPA and DHA) have five and sex 
double bonds and liquid at room temp. and at the same time is heat- 
sensitive and should be stored in the refrigerator to avoid oxidation 
( J:\foodOmega.htm 2008). Currently, there is major emphasis on the 
beneficial effects of including Omega"3"fatty acids in the diet Yashodhara et 
al.,(2009).Over the past 20 years many studies and clinical investigations 
have been carried out on the metabolism of polyunsaturated fatty acids 
(PUFAs) in general and on n- 3  fatty acids in particular.                                                                                                                
              Today we know that n- 3  fatty acids are essential for normal growth 
and development. Desaturation and elongation of n- 6  and n- 3  fatty acids; 
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evolutionary aspects of diet relative to n- 3  fatty acids and the n- 6 :n- 3  
balance; eicosanoid metabolism and biological effects  of n- 6  and n- 3  
fatty acids; nutrigenetics–interaction between the n- 6 :n- 3  fatty acids and 
the genome; effects  of dietary α-linolenic acid compared with long-chain n-
3  fatty acid derivatives on physiologic indexes; human studies in growth and 

development; coronary heart disease; inflammation–a common base for 
these mtabolitic effects (Reaven et al., 1993).                                  .                                                                                                                    
    . Despite the impressive therapeutic advance made over the past 15 
years, main components of the overall burden of cardiovascular morbidity 
illness. Several epidemiological and experimental studies suggest that n-3 or 
Omega 3 pufa can favorable effects on artherothrothombotic cardiovascular 
disease (Albert et al.,1998                                                                                                                
          Omega-3 fatty acids are polyunsaturated fats liquid at room 
temperature and remains liquid when frozen considered essential to human 
health. However, they cannot be manufactured by the body and have to be 
obtained from food we eat. Fats like cocoa butter, lard and butter are 
saturated fats. These fats are solids at room temperature and are one of the 
main factors responsible for raising blood cholesterol. Olive oil, flax seeds, 
walnuts, hemp seeds, soybeans, dark green leafy vegetables, corn oil, sun 
flour , canola oil, also fish  been reported for a number of years (Shahidi& 
Miraliakbari, 2004). A high intake of long chain omega-3 PUFAs (n-3 LC-
PUFAs), such as docosahexaenoic acid (DHA, C22:6n-3) and 
eicosapentaenoic acid ( EPA,C20:5n-3) from marine organs resulting in a 
lower CVD in Greenland Eskimos was first proposed by Bang and Dyerberg 
(1980).Currently, the predominant dietary sources of very long- chain omega-
3 PUFAs are oily fish and fish supplements. PUFAs concentrates are used 
commercially in pharmaceutical products, food additives, and in health 
supplements.Zhao et al.(2004) investigated the effects of an average 
American diet, a linoleic acid (LN, 18:2n-6) diet, and ALA diet. These authors 
found that the level of C-reactive protein, a marker of inflammation strongly 
associated with heart disease, declined for both the LN and ALA diets, but 
much more significantly for the ALA diet. Therefore, they concluded that ALA 
seems to lower CVD by inhibiting vascular inflammation beyond its lipid- 
lowering effects. High fatty fish species, which are the main supply of n-3 
PUFA in the diet, also show the significant cholesterol content. The two 
compounds, n-3 PUFA and cholesterol are lipids highly susceptible oxidation 
giving risk to free radicals( Echarte et al., 2001.As fatty acids content are 
affected by the technological or preparation processes; many investigations 
have been performed (Hearn et al.,(1987), Sebedio et al.,(1993), 
Ammar,(2004), Fatima et al., (2006) and Gladyshev et al.,(2007)                                                                                                                           
The objective of current study was to evaluate the effects  of the cooking 
methods (grilling and frying) on the composition of fatty acid profile of 
freshwater fish -Bolti fish (Nile tilapia) especially on the stability of mono and 
polyunsaturated fatty acids (ωs) contents as a high quality and healthy 
source of protein and fat in the human diet. Moreover, as a quick home- 
made meal by the house-holder and in restaurants. The search also aimed to 
determine optimal determination technique that can be recommended to 

http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit145
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit147
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit146
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit148
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit147
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit149
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit148
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit150
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit149
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit151
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit150
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit152
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit151
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit153
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit152
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit154
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit153
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit155
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit154
http://www.sciencedirect.com/science/article/pii/B0122266943001204#hit156
http://www.sciencedirect.com/science/article/pii/S0308814606007862#hit490
http://www.sciencedirect.com/science/article/pii/S0308814606007862#hit492


J. Food and Dairy Sci., Mansoura Univ., Vol. 3 (12), December, 2012 

 709 

obtain optimal nutritional qualities in the form of retaining"omega-3" fatty 
acids                                                                                  

 
MATERIALS AND METHODS 

 
Sampling: Bolti fish samples were collected from 9 different local markets at 
El-Ismailia  governorate. The mean weight and length of fish were 301.56± 
45.64 gm and 22.24± 2.11 cm. respectively                                                  .    
Technological Methods:   Some Bolti fish samples are subjected to grilling 
process in an electrically operated grill at 180 C for 3o min. The other 
samples were subjected to   deep frying process in abundant amount of the 
locally produced oil at 200 C for 20 min.                                                                                        
Chemical Analysis:          
 1- Determination and the fractionation of fatty acids was attained by GLC 

according to ISO. 5509 (2000) at Food Technology Res. Institute, 
Ministry of Agriculture and Land Reclamation, Agriculture Res. Center 

2- The gross chemical composition of Fresh, grilled and fried Bolti flesh fish 
samples was performed according to the AOAC (2ooo) after mincing in a 
meat miner for moisture, crude protein, ash and ether extract. 
Carbohydrate contents were determined by differences, while Total 
solids(T.S.)were calculated by the following equation.  :                                                                                                                                            

 
 
 
: 
T.S=-----------------------------------------------------------------------------------------x100                                                                                                                                                     
 
 
 
 

RESULTS AND DISCUSSION 
 

Table (1): Gross Chemical Composition of Fresh, Grilled and Fried             
Bolti Fish Flesh                                                                       

Carbo-      
hydrates** 

Ash 
Crud * 
protein 

Ether-** 
Extract 

Moisture Treatments 

1.40 6.10 81.46 2.75 75.08  Fresh flesh 

1.64 5.46 75.74 4.20 74.78  Grilled flesh 

1.95 5.08 66.43 7.20 72.86  Fried  flesh 
* Based on dry weight                                              ** Based on dry weight  
*** Calculated by difference           

      
         Table (1) demonstrates the gross chemical composition (Moisture, 
ether extract, crude protein, ash, and carbohydrates) of fresh, grilled and 
fried bolti fish fleshes. Obtained data obviated that the sequence of the 
average values of these parameters were 75.08, 2.75, 81.46, 6.10, and 1.40 

Weight of fresh or processed fish flesh – its moisture content  

Weight of fresh or processed fish flesh       
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for the fresh flesh samples and 74.78, 4.20, 75.74, 5.46 and 1.64 for grilled 
flesh samples and 72.86, 7.20, 66.43, 5.08, and 1.95 for fried ones, 
respectively. These results were relatively agreed with those of Ammar 2005. 
And Andrad et al., 1995  .   
 
Table (2): Effect of Grilling Process on Fatty acids (ωs) contents in Bolti 

fish flesh.  
% 
Change 

Grilled 
flesh 

Fresh 
flesh 

Code 
Molecular 
formula 

Fatty acids 

     A ) Saturated fatty acids(SFA) ) 

-50.91 1.88 3.83 C12:0 C12H24O2 Lauric acid 

-8.13 4.63 5.04 C14:0 C14H28O2 Myristic acid   

+108.33 1.00 0.48 C15:0 C15H30O2 Pentadecanoic acid  

- 0.78 21.57 21.74 C16:0 C16H32O2 Palmitic acid    

- 29.87 0,54 0.77 C17:0 C17H34O2  Margarinic acid 

+ 0.80 6.28 6.23 C18:0 C18H36O2 Stearic acid 

- 43.08 0.37 0.65 C20:0 C20H40O2 Arachidic acid 

+175.00 1.54 0.56 C22:0 C22H44O2 Docosanoic acid 

29.04- 2.37 3.34 C48:0 C24H48O2 Ligoceric acid 

-5.77  40.18 42.64   
   

     (B) Mono unsaturated fatty 
acids(MUSFA) 

- 53.71 2.87 6.20 C16:1 C16H30O2 ω7  9Hexadecannoic  

6.25- 0.30 0.32 C17:1 C17H32O2 Heptadecanoic acid 

+ 13.77 29.75 26.15 C18:1 C18H34O2 Oleic acid    ω9 

+0.77    32.92 32.67   
   

     (B Poly unsaturated fatty acids 
(PUSFA)  

- 13.24 10.03 11.56 C18: 2 C18H32O2 Linolic acid    ω6 

- 47.00 1.59 3.00 C18:3 C18H30O2 Linolenic acid    ω3 

+ 1.82 0.56 0.55 C20:2 C20H36O2 Ecosadienoic acid ω6  

-76.98 0.29 1.26 C20:3 C20H30O2 Cis 5,8,11,14,17-
Ecosapentadecnicacidω3 

+15.52 0,67 0.58 C20:3 C20H34O2 8,11,14-  Ecostrienoic acid ω6  

51.o6 0,23 0.47 C20:4 C20H32O2 Arachidonic acid ω6 

+ 64.81 0.89 0.54 C20:5 C22H34O2 Docosapentadecanoic ω6  

-67.97  0.90 2.81 C22:6 C22H32O2 Docosahexadecanoic ω3   

-27.01  15.16 20.77   
   

      
 Table 2: shows the fatty acids constituents in fresh and grilled bolti 

fish flesh, the total fractionated saturated fatty acids (SFA) from C12: o to 
C48: o as shown in this table comprised 42.64% and 40.18%, respectively by 
an overall decreased reached to 5.77% as affecting by grilling process. The 
same table also comprised 32.67% for fresh and 32. 92% for grilled samples 
as total monounsaturated fatty acids (C16:1, C 17: 1 and C18:1), revealing 
total increase reached to 0 .77%. (Oleic acid) ω9 achieved a considerable 
increase reached to 13.77%; this acid has an important acid part of the cell 
membranes and it has antioxidating qualities that can protect the "omega-3" 
from oxidation. On the other hand, Omega ω7 (9Hexadecannoic) showed a 
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highly total decrease representing 53.71% owing to the same processing. By 
the same manner(Poly unsaturated fatty acids (PUSFA) showed  
considerable decrease for  both ω3& ω6 fatty acids  (C18: 2, C18:3,C20:2, C 
20:3, C2o:4,C20:5 and C22:6) for the aforementioned treatment achieving 
20.77 to 15.16%,  respectively by total percentage27.01%.The highest 
decrease fluctuated between Cis 5, 8,11,14,17 Ecosapentadecnic acid ω3                     
Docosahexadecanoic ω3,Arachidonic acidω6, Linolenic acid ω3 followed by 
Linolic  acid ω6 comprising 76.98, 67.97,51.06, 47.00 and 13.34%, 
respectively. These results were in agreements with those of Fátima et al., 
(2006). From these results it could concluded that, during cooking process, 
fatty acids were oxidized by forced oxidation which case differences on fatty 
acids especially the unsaturated ones depending on cooking temp.  
( Frankel,1982).                                                      .      
 
Table(3):Effect of Frying Process on Fatty acids (ωs)contents in Bolti 

fish flesh 
              Change 

              %  
Fried Fresh Code 

Molecular 
formula 

Type of fatty acid 

     A)Saturated fatty acids(SFA)) 

85.79- 0.28 1.97 C12:0 C12H24O2 Lauric acid 

- 42.37 2.72 4.72 C14:0 C14H28O2 Myristic acid   

87.85- 0.13 1.07 C15:0 C15H30O2 Pentadecanoic acid  

- 20.15 20.81 26.06 C16:0 C16H32O2 Palmitic acid    

- 74.03 0.20 0.77 C17:0 C17H34O2 Margarinic acid 

17.01- 5.17 6.23 C18:0 C18H36O2 Stearic acid 

- 95.38 0.03 0.65 C20:0 C20H40O2 Arachidic acid 

12.50- 0.49 0.56 C22:0 C22H44O2 Docosanoic acid 

- 82.04 0.60 3.34 C48:0 C24H48O2 Ligoceric acid 

32.93 - 30.43 45.37   (SFA) 

     (B)Monounsaturated fatty acids (MUSFA) 

- 26.29 4.57 6.20 C16:1 C16H30O2 ω7  9Hexadecannoic 

- 34.37 0.21 0.32 C17:1 C17H32O2 Heptadecanoic acid 

51.82+ 39.70 26.15 C18:1 C18H34O2 Oleic acid    ω9 

36.15  +  44.48 32.67     

     (B)Polyunsaturated fatty acids(PUSFA 

106.40+ 23.86 11.56 C18: 2 C18H32O2 Linolic acid    ω6 

- 63,67 1.09 3.00 C18:3 C18H30O2 Linolenic acid    ω3 

0.00 0.55 0.55 C20:2 C20H36O2 Ecosadienoic acid ω6 

24.14+ 0.72 0.58 C20:3 C20H34O2 8,11,14-Ecostrienoic acid ω6 

- 80.16 0.25 1.26 C20:3 C20H30O2 Cis 5,8,11,14,17-Ecosapentadecnicacid 
ω3 

- 74.47 0.12 0.47 C20:4 C20H32O2 Arachidonic acid ω6 

35.18- 0.35 0.54 C20:5 C22H34O2 Docosapentadecanoic ω6  

-64.06 1.01 2.81 C22:6 C22H32O2 Docosahexadecanoic ω3   

34.57 27.95 20.77     

 
         Table 3 illiterates the effect of frying process on the different fatty acid 
constituents in bolti fleshes (Telapia). Concentration of the total saturated 
fatty acids (SFA) from C12:0 to C48: O in both fresh and fried fleshes 
revealed considerable levels of decrease from 45.37 to 30.43% with a total 
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change up to 32.93%,respectively. On the opposite, the same cooking 
process comprised considerable increase in total MUSFA fluctuated between 
32.67 to 44.48% with an average change 36.15% in increase for fresh and 
fried fleshes respectively. These results were in agreement with those of 
Fatima et al., (2006) and Ammar,(2004). It is obvious from the same table 
that oleic acid ω9 was the main MUSFA one having the large amount of 
increase at all that achieved 51.89% change in increase                                                                                                               
.  
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ةد ااد للدراساا على ااثلراارق رلطاارعلا طبااثلى ااثلقحاا عللدرااة لا دلاا  لا د   اا 
للفثلسلكلا ح طثلةىد د لىدملا رشحع

لألللىحدلاللهللطرللةأملا سعدلاسل ى للا جل لل
للصرلل–ط ط لل-ج لع لا ز رل–ك   لالاقرص دلا ل ز ثل

 

ار عدتت تو  ار ستتد ت ح   تتس   استتدفت ا ارتساستتح ارة رقتتح دأقتتقع دتتت قس ى وقتت ا ار تت   ارأوتت           
   ار ن زل   ةلاا بقع الآس  ك  ار   ىع ىو   ةد ى أست  ك اربو ت   ت   ردةضقس  جبح سسقعح 

   0( ج  ىح أة  ض الأ  قج ) ل    الأة  ض ارتهنقح ار  بعح  ارغقس   بعح 
ستتت  ك ىقنتتت ا الأ اءةدتتت اأ ضتتتةا ارندتتت تح ار دةهتتتل ىوقفتتت   تتت  دهسقتتتت الأة تتت ض ارتهنقتتتح         

 ةقتتتو ىتتتع ارد تتبع لأة تت ض ارتهنقتتح ر   ج تت  %76،56%  ، 3:،76ار  زجتتح  ار  تت قح  ىوتت  
 قتت  جتت ندقجتح رع وقتح ار ت    %0، 33بزق تو قتتسه   C18:1 ,C17:1 C16:1)ىو  اردسدقب) 

 0%77،33( قت ةأ  زق تو  بقسو بوغا 5أ  ة  ض الأ رقك )أ  قج 
( بتسجتح  بقتسو بوغتا 3هق ست تق  ن قك )أ  قجت  -5ص ة تض ىو  ارج نتب الأ تس  أتت دنت ق         

أ ضتةا  ج  ىتح الأة ت ض  ندقجح رنهس ار سقأح    ار فت   ىوت  نهتس ار نت ال  أتت  97،37%
 :،أ  قجتتت 7ا  قجتتت  نأتتتص  اضتتتس ب رنستتتبح ر ج تتت ىد  PUSFA)ارتهنقتتتح ىتقتتتتو ىتتتتع ارد تتتبع )

(  ع نهتس  سقأتح C18:2 ,C18:3, C20:2 ,C20:3 C20:4 ،C22:6, C20:4رلأة  ض )
ب رنستتبح روعقنتت ا ار  زجتتح  ار أوقتتح  %  63،59%، 60،33الاج  رقتتح  ةأأتتح ارنستتب ار ف )ار تت ( 
سات  ج  ىتح الأة ت ض ارتهنقتح ىتقتتو ىتتع دبق  أ  ة  ض اروقن رقك  تةت أ ت هذا  قت0ىو  اردسدقب

    %80،:70بوغا  ارد بع قت أ ضس زق تو  بقسو ندقجح رع وقح ارأو 
 ىوتت  ارنأتتقض  أتتت أ ضتتةا  ج  ىتتح الأة تت ض  ةقتتتو ىتتتع ارد تتبع زقتت تو  عن قتتح  تت بق         
روعقنتت ا ار  زجتتح  ار أوقتتح ىوتت   %79،:7ب اقتتع % ب د ستت  زقتت تو اج  رقتتح 88،84ارتت   3:،76
 أتت   تةت أهع أ سات  ج  ىح الأة  ض  ةقتتو ىتتع ارد تبع (5أ   ة ض الأ رقك )أ  قج   0اردسدقب

أ   ب ق  أ سات هتذ  ار ج  ىتح  أتت أظفتسا ، ارأو ندقجح رع وقح  %97،46بوغا  ةأ  زق تو  وة ظح
 أتت أ ضتةا هتذ  ارع وقتح  ،    ن ةقتح أ تسى   ى وقح ار   ، (3ان ه ض   وة ظ    هح )أ  قج  

بوتتتتت  هتتتتتذا  تتتتت   ج  ىتتتتتح الأة تتتتت ض ارتهنقتتتتتح ىتقتتتتتتو ىتتتتتتع ارد تتتتتبع أقضتتتتت     وة ظتتتتت  ان ه ضتتتتت
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 تت     اضتتة   تت   هنتت ك ان ه ضتت (  أتتت:روقن رقتتك )أ  قجتت  ا ب ستتد ن ء ة تتض 0%63،07الان هتت ض
هتذا  ندقجح رع وقح ارأو   قت بوغا هذ  ارزقت تو  ت  نسب  ج  ىح الأة  ض ارتهنقح ىتقتو ىتع ارد بع

بوغتتتا هتتتذ  ارزقتتت تو  0(:اق  ستتتدق ن قك )أ  قجتتت 78-77-4ب رنستتتبح رة تتتض  0%77،07ة تتتض ار
  0ندقجح رنهس ارع وقح 68،78%0

ى وقتتح ار تت  أتا ارتت  اسدهتت    هقتت   تت   ج تت   الأة تت ض ارتهنقتتح  ك ق  تت  ارأتت ل أ  تت  ذرتت      
ىتقتتو ىتتع ارد تبع  ىوت   ةقتو ىتع ارد بع     أ بل ان ه ض  بقس  ت   ج ت   الأة ت ض ارتهنقتح 

زقت تو  ارأو  ار  زق تو ر ل    الأة ت ض ارتهنقتح  ةقتتو  ىتقتتو ىتتع ارد تبعى وقح  ارنأقض  أت أتا
( ، هتذا ىتلا و ىوت  ان هت ض :(  ة تض اروقن رقتك )أ  قجت 5ح ة تض الأ رقتك )أ  قجت   ه  بقسو

   نفت  اردت  دستبب ارعتقتت  ت  ار  ت  ل ارهتةقح ان ه ض   بقسا ارنسب الاج  رقح رلأة  ض ار  بعح 
     0 ارس نح أ ساض ارأوب

 
لق ملحردك ملا حدث

 

لل صةر ج لع لا ل–ك   لا زراى لللسعدلىحدلا عز زلاحةلر ه/للد.أ
لكفرلا ش خلج لع ل–لا زراى لك   لىحدلا ح سطلىحدلا عز زلسلاله/للد.أ


