A

\\"\" —\"\ W ‘\“*i C)L"v.«.d)' ni EJM ‘i 3)35 ‘;:‘hj};_ ‘;OJ.G MM

s Ot WUt

108 3905 Abd © 2 Svaw! 190 3 (o S 3 w5
O y9od) (5410450 (& gw (9O ST g 3| i (Hypophthalmicththys molitrix)
e GO 5 E v g oo

[ . . #Y oY 7 .. Voo .
dﬁ&&j:ealxbr,alﬁh 6-“%‘#))};’.;)&’““ S8 am i
Ol e ol e ol oty s Y pemmms (95503 05 S )| LSS (6 gzl - )
Ol e ol el o8l anlo e 2 dSESs (M 05 8 LSl Y
Ol s are g (IS oK ¢ acds e 2SI e 05 S Ll

d‘j‘,’,\ gJ.'.) gJJ.) NEEHS g‘-;ﬂmb CIL.A LM 4@‘)’\.:,.: b}; ‘)L:.iﬁb -¢

AWWRL/ANT S GE i AFAT/ 40 s il

A *
e_zakipour@yahoo.com : J st stins 5

Ie.\.&
03,55 =3l e S0 Osd 5 Shs SSao b slefosS ahd oo Aol S5 s s
C_J..uQ:;'Cjw.ti\j_éjluﬂﬁuw.“w)ﬁ&l.@iQ:;Cﬂj.w@)yA{d)\J&‘@ﬂ
sodld ol 5 b ol e Sideas slesl 3o s oA ghuateg 55w B Y lew
&L@')GJ_«Q;J_('CJ_M45;\>QL1J@LG.J;:J9J§)\)5&L€JQ>JS'C,~)L~§c,;d:.b.muﬂ?.n
0/0Y) ho 535 3 el Slaisai g $lsme Ssosbay 0dd T S o Ol Sl sl
AN E NV a5 s O3S 5 3l g Ao ps VIOE E YA 5 /0T £ V/AY & i jay (o2
&;JQM‘&S})L}&S})O}JJ&L&@)AJJ) u_iL@J u:}cﬂ)lw.x.o):‘\/ﬁ"qid\’i}
Rl 55 b 53 ol ¥ e 4 (S S 5 RIS 03 S e Sl e Wi ged Sasb s (gl
A S el b sas o CLW\,;} CL.J C\fl B RSN & YA sl (Pp<t/+0) 515 QLS
O slasd 3 Cams ol 25 YAV all cladsei L3 =Kl 0 Y-l o gladnd
)\WQ' j}))b}b)_g'/-\OJ'/AY gﬁ;fuéﬂu))jcﬂ)\wjlbﬁ})}&j})
BE (TI) &:.a-}wjf"j(AI) &:..;-))S" le.hu.a;-u C,JL: J:'.A\S‘/Y/\j /A1 M&L@ d:;cf.n


www.sid.ir

3OV e Gl S s slad 5 S O slad 53 e ele 03 S E e Sl e A D)

Sy +/Q e/0V

Q)}»ﬁb 6)|.Lé_<4 ‘Gﬂ QJ;C)«: I _,\:_w\ Jﬁb.ﬁjﬂ 4L§\)}> J:;SJJ c&b@:b@j‘_’ ..\.:15

Ao S e NSk 5 ks (K Ol e gl
i Sy 3 S 6 ,Lal (Kbse et al., 2001) 5 alas
ik Jolpe 3 o O O Al By 5 Lo
(Aubourg et al., 2002) 3,15 ;1,53 g5 |as adax 5
= el oo b s bl 1 ae s 4 S
O s 5 ale s s pn s 5308 03,5
b ey 5 b il I3 s gl sl ) e
Lo ial33l 5 13 6o peilS 1 oo 035 Jlad
5 (Bongar, 1998) 1S s ssli il J guame (5,105
O sl eS| 5 350 amie J gamen (551060 0o
OF Bopde 5 @Ba0l o oS il e Glal pale oo
> .(Aubourg et al., 2002) cul J5 e O pne gl o
Eo bt s b Sl 5 b mSly alecsy )
Slyomn 5 S o gt 0 (SO Ol g 55 oS s o
Garcia-Arias et al., 2003; Gall et.) s 5/5 e dd oo
5 Gosl Jmes I s i 5l = (al, 1983
= Ol eS| it ol aniy glalile (g 3luoslel
33,5 o gl osle CliS js Sk el oS (el
b gz~ (Shahidi., 1997; Jittrepotch et al., 2006)
Gk 3 sl s I 3 13 b sl s (sdS
Olme 4 9 A8 () & 3015 Ot 5 55508
35 (S 4 el el S 5 ol
(f9y ot Jle (63L 3 el 5o (Gandemer, 2002)

Jis (.;\J") u’.’.\')"o osle p.:SJJ GQJJSéJw dlﬂ) [NV Y Les

4adle
A8 w0585, 5L (Gl Camam Ay o Sl
5ty Sl se 5 il Jsa | e sl (5,1
SV game oiogdy olde laes sl b (gosld ann s
s 4 plpd e ol il o5 al 1, SO
Aless al AsL e L 55 b gl 0,5l el 3
LA AsS ol glodd aslid Slice slge ahes |
Aol sype Ciloie Lagloy » 0f 0lys 5 6Ky
R b S 18 Olaedls
DAL gl a5 0T 0sls 1,3 5 opels & o
Oleale (Moradi and Safi Yari, 2005) 4S' s 40 &5
Slaimlas (sdse OS5l ool pslie sl
Il S 25l D 5 A Ll 53 sl
gLl Lo o gkl o554 5 Zn Cu Ca (Fe
=~ -(Perez-Alonso et al., 2003) il o o e 300
oimoim Sos e o Skl Sl sege e Olabe
o3 gl 5l ol s A ey Ay o lad]
Haliloglu ) A4S s wal )3 |, (EPA' and DHA") Y-l
O el Cie sla i adas i (et al,, 2004
05 ot halS an Ol oo Y-l el il (5055
S (Tiikkan et al., 2008; Gladyshev et al., 2006)

T b oles e s 3 Ll 5 s

1. Eicosapentaenoic acid
2. Docosahexaenoic acid
3. Cardiovascular


www.sid.ir

Sladeul Gl g 5 plerd S 5 s

Sl 03 L Gl Fals 03,57 e s Ll
(2008) O1,LSan 5 Bakar 31> 025 o slad
(Scomberomorous 33 ale als > sla S5
Sy cilise gy Ll L aS Iy ks L3N guttatus)
5 P 03 S 03 S ol 03 SoLS)
a3 0 gles 53 55y 53 b s e (s Sl
o5l 03,50 8 5l 1 35 03 (S 81 S sl
Rl A S 00,5 e (P50 02 S (s
adls g iy x5 PUFA/SFA ol oy sla g,
Ored g odd o laas ses )3 EPA (gl s e
oalS slldasy lads soi slad ;3 DHA (¢l ge
oS e n-6/n-3 oS (p<e/r 0) sl LS (g ,lsle
s Adg e 4 gad s o p S 05lss 5wy Sbasles
Sy ars JB S S o8
303,55 e U s sy Sl 35
3 dau b op b 5 el s e A
Jsams Ozl LUy 2 ol 56 oisa boas)
el a3 DMl ol 03 SF s ) g okl e
2 S5 U s egle Gl 5 cal
Ao eop el LByl 5 8, ol
0 ez 3Ll (Bt SV pames A5 Ol s ks
3 o 3 0= S 0553 sl 53 o5 e

CRTIR P
Loles 5 &g
053 L (H. molitrix) gle & 555 63U ale anks Ve
Ol g Ol b abn S Sl e S5ls V/0 Lo e

b3l 4 ol o 55 5 Gl LS

\YY

IS 5 e (s O el 3150 5 by (55
Aile) 03,5 e 5l iy Slasled (gl ol
Il 5 ol esle A iy ‘<éﬁm~ﬂ 505 SSas
E— CK*”‘ L e N P PRI N g
! — (Pinthus et al., 1995) Jlaciils S5 Gaes 05,5
b Ol &S a0l 5l b s ke 3 106 a8
G g Cilite slassed 3l 5l 55 106 g3le
(CFR) sdme 055 o 8 5 shasil ooy 650 olas o3Le]
Sl el R &G CFR 5 33 8 e oalin
L e il 0l ady dal 3ys oS conl 13 (g 5laeslal
sbagtss 2w L) 03,57 0 g Sl eslinal
G 2a Bl s oS 5 edld demie 5 elal (L
03 ;S e ) cadisie (slae sl 1 ealial b s
.(Skjbldebrand et al., 1984) >, 5 p_f (e
4 Yo Jlu s 01, 5 Garcia-Arias
o3lital b ool gladld © o ool LS 5 (CFR)
3 Clarl 3 Loy Do SE ) Loy Dsli ) 4w
“Ye slas 3 desie O ot (S 5 (03 SOLS
35 3 esliial e 5 ole £ deas 3l S sl ax o
5 Aas (s, Sole 5 ) 3dzme 0555 5 0l
=S 5 Solslne jsban Gee 05,53 S AL s

Sl e |y syl sl slaads O sladil
sla B, ﬁb Jeoet Jlw s 0L 5 Gladyshev
Sos 2 gt o st 6o, 1) oy s
(Oncorhynchus  Sowla ale s15T Glaseaale 5L 43
ol 3 aS sl QLA s s S axlllas gorbuscha)
Sloome 53 ialS el S S0 ol ey,
o3, edalie Souls ol 5131 s DHA 5 EPA

4. Cooking—freezing—reheat


www.sid.ir

VWAE s f 3 las of 3,93

SNt 055 5 pshe

FSE s skl S et S5 o
Sk S e AOAC (2005) s, 5l
el T gl
Aol J=bs o o Bea o A Gl
sBakar 3, 5l Jsile oA AS sbadd= 5l o
Sladal 05,5 sl e sl 5 (2008) 0, Sen
sl ol (1966) ol ,Lslen 5 Metcalf iy, 51 o o
(Srloe 3w 05,5 Wlal 5l s (g ol s Al
Gges gl Sl Ay @ ol 5 Sty skl
uT plom o adds \r Dy ui_il,aj dgd e,
Aol 6 L dle e 35S LS
s ;.ﬂ Q’LQ;- 33 3dea 5 el wslsl O 4 Sl
tw&_‘g}ol)_@ou&;tw}wﬁ)t;
5ol oals OLSG Sudan 5 od WLl O 4 gLl
S5 53 iy lome U odd IS 25 o Oy e
S o&ws a0 ooy sl 2L 5B Sl s s
235 o wslicad GLS 098

S oas Sl oslinal bt Uy
ol Sl At il (Unicam=4600) 318 5l S
30mx0.25 mm, Film tekness) = 05 | st
YOr el Gioy Crand gles 3 S eslizul (BPX7
SIS Sl amya YA 5sGs sbes 5 5 S Sl a s
IV [P U A U JURA LI Osl les ael 5 5 s
Les JAulsdl caddn N ode gl sy Ve ad gl sles
Les i 5 aids s azn Vo 5 Larss A o
a3 Voo ales sdome (Rl 8] e 5 4233 4 Dken
0 Ll gl ey a5 aads j3 4y Yo [
Slis s eslizal fol> 58 Olse s pda 58 51 aids
Sl s S Gy oBis & Ll 2y oo 0/

Slad ! (L1 ol 5l o sladnl luls

V¢

bl 0 dSL SO Y s (5551 8
BRSO VRV COUN 25 ORI P S V- W ST ]
5 Sogoh 5 Lensy 03 S eSS &S
g oS Vbl et O L s g pta
S A Sl S, 5 S50 glead ol
I EEPIS I oS 3150 Jeols Gl L beas
(LS Blw e £) s, DT (a1 ) s
DB AS s o e 3y gl el L 5 S0l
flash ) & Q;J,S'Cﬂ Lul,d 51 e e s LB
Sfas 3 456 uka (Moreira et al., 1997) (fry
L (Olnl s g o gl &5 8) JlaS 3 S ¢ e
SEas e 5 O s ol 8 sl a3 VA e
sles o ol o5 s baald sl LI 3 L) LS
My Jseme (St glac st s (G
2,8 e az s VA les b b s 5 ginate
GOMESS dazmie S ot (oo a) 55 40 Doy
3z O e e slaadd s slel s Lus
£) Colw YE Cdeas Jmse 5 8 5 13 5 55 b
SIS SE0 03 G Soson OIS Sle s
0 =N s as o, S mle o VA sles L JlaS
s (Aaura, Tefal, Iran) UJCJM 3> 4aads
5 S 9,084 slaas oo ((Moreira et al., 1997)
3o (el a0 05,55 s 51 i D13 S
3 om) oSS 53 sl s G O3S E
35— sl 05,57 e Sl ey 5 ((gl350lens]
5 Smsbs (e om) bt gla ol
b o el b 5 e S 1S (S

stlrond gl tales]


www.sid.ir

Sladeul Gl g 5 plerd S 5 s

Em S ealial edd antlid sl o
el e S e R R e
Slomn 5 Jyane sla il 4o gdle Olale
Ll slaca s 5 plosl e g ldl oo sladend
SPUFA/YSFA  (C22:6/C16:0 sL—a ol
(Garaffo et al., 2011) S yua 5 5 Syor s 51

3 S e
Al= (4 x C14:0) + C16:0 + C18:0 / = MUFA + X
n-6 PUFA + X n-3 PUFA
TI= C14:0 + C16:0 + C18:0/ (0.5 x MUFA) +
(0.5 x n-6 PUFA) + (3x n-3 PUFA) + (n-3 PUFA /
n-6 PUFA)

bl Jdos 5 4528

MalS b I 53 Lassls lal Joudos 5 a0
ol Y s Minitab )33l 5 31 eslinl L islas
ol DM 353 b s s sk A
lls s s Sl L Sl aglie 5 bajles
o 53 S5 05031 5 (One Way ANOVA) & LS
s S eslial Loy 0

oy mli

s sl

S5 PS5 5 Sy Dk slasles LSU
Sle B 555 b plend

3 ES 55 5 iS5 05k slasles 2 51 Jols =k
Vdoder 5o Glo, i S ol s plend S5

el 0 ODJJT

5. Atherogenic index
6. Thrombogenic index


www.sid.ir



www.sid.ir

VWAE s f 3 las of 3,93 SO 0yd s pske

Slo B g5 (Ao adld odd I 259, 9 SS s, 0ok chald bajled olend oS 5 ) Jyir

Shst Sau b Sy S5, s

B T RIS T D) ) ) )

) BT T PR U LS TR RS |-V U PR [Nt S ) )

03 S ¢ 0355 dals

i _ GO SEme QWS QWO SEe w03 SE
sl =l
b b Aa b b Ba B .

Woeb MY v Y YAOVE /8 ) VoSN g Vo/vert VA VAT VALY & 0/40 e
4/ ve? a/vgteseo® V/ogty /A A a2 VIMEs /8" a0y avAt o/ vt A 3o
Wwera)® o vengE® arE e © vovakga® vrarssa® avav s B vy £yat by
LTS YA VSEER VIPE AL VA Y S VIS WEEE AT YA E oA Yok en Sl

L 55 5L) Dles o sbadisad (pn Jlaliae Ot 5 g 5 sasOlis sy a 55 (8 b, ¢, 1) S S Dglate G sl las Sl il ;,_K.}L_.a r<vl:.- polie

el s Gy 53 (p</00) Cilzses (lasless o slabiae GVl 3 5 S0l (A, B, C, L) S5 oy 5 Cilisie slajss 5o (L[5S 55 Osb

oS 3 O9dm 4 505 5> ((Garcia-Arias et al., 2003
Sololoms bl o e s 55 5 S
Jdsa Ll e 2 GRI)sls Ol 5 Sl (ps/0)
D5y e AT 53 5 03 SE e e 03 Lasby S
eyt .(Saguy and Dana, 2003) .&bals s
(e O3 SE e S Ao S0 53 S22 5 o ealia
S o s S 2 S PSS boles
S (p>r/00) ol es, Sl Sl 2S5 O
sk Sl (S a8 ) Sl e L5
o=l 2 sl falS e s 5 b
s Candela C,L:; alie ol @L,., U2 VR WP
03 s Sl Ol i Wy sl (1998) O, Kan
035 Dsltie S5 55l 5 S 55050 aTged 52
SSs 3 3,0 5 pdS 55T 53 sy pe s pl
55 Laslesd 53 3l OO ol s Ll e STy
03 Glaar s BB Al G 03 S5 Ol e A0 S
(S5 O sl 534S Ad sdallse 5 5 Ol
03 A3 VO/VO w a5y 53 Ao 3 WAAR 51 5

L aped 03 5 sde) e 0357 3l A 80 S

oddi g o Slad 5ol 4 Lo dald by (6lys
el 3 Csb Gl aS gy sba (il ooy 2l
e Slasay 5 S S ks Sy Oak el
05, S 3 et % 330 5 O3S O e A0 S
SVANE J/AY Ve /VA VY/AY VAV VFY0 o Sa
03 Shss S-S b glad s 53 ol Aoy W/ OY
Cusb) Slsome S w0355 50 3l oy A2 S50
L sladised 52 Cosby aals prmmen 45 S odalie
@sz el S lslae Asy3 0 c]a.ws S A8,
s Garcia-Arias 3 (1988) Waters g4 3l glal i
e 5oy 55 Lasles 53 el ol €1l (2003) Ol (San
Soblose syban s, ol 05, SF 5l iy
I s i€ Ol e S Cl il sl (p<e/e0)
Aol e Rl b Ol dezmie D) sok ()16
SRS (IS 55 D Slad sad 3 sdome 05 S e oK
03 SF o Oloy 53 58 sdaliie (g 5 gmims i sb
s ) s Al sk Sl s aSST 1
sloalr ol S US 0358 ale 05y 4 s, (L3,

ol oS Olabe Sl S Sl 2 Olabe o


www.sid.ir

VWAE s f 3 las of 3,93

SNt 055 5 pshe

et slaes S 5l sline o gladend £ 5 T
L S Ll o sbadonl (SFA) lil
Sl L o il 5 (MUFA)E 5
530 00 S L s S, sk sbasled s (PUFA)
o= 8 5o 5 2l O3S 3 e A s e
o Sl B0 s g 0 SE e
Ot sk s e S e LI o sladl
o Sad LS 5 Y Jdr 3l e o S YY B E
Lo 50 Ouek) odd & e sl gas Sl e ol sl
23S Al dazmie S s 0 (IS 5 (UES 55

MJL;AQLL;\JLQ\QJL

BESISE \V/Vr@“,é_.p)'}))b Loy YA/0) )] ‘LJ’.:'S}J
=B SRals ol a8 ey Goes 035 Sl i
D9 s J:b 5,5 0l (1975)Mills .ol 4 &5
LS)\"\—& 09 u_b)} O,:ﬂjj_i . e)jjl_.:s 4.14‘)5&
(2010) Ol,Ken 5 Asgharzadeh a5l dezews oy sm s
Glo 5 558 0l i o 2 S s ) p 03
Ot b 3 IS ssba s Ol S s S e dalls
a5 = VA Gles jn e Oy gpd S ol

B el 518
N3 5S 9, 5 PS5 008 sbdd 5o O zdl S 5

S 03 SE 3l 5 P SR L5

OlsiS 55 5 355 O cald) Cilises lasles D3 (o zmdial @ 8 Ve 536 8) ool S 5 Y Jgikr

Lo
Phars
S SS9, S PS5 Ok |
C S et
BIRERLSTY) . BN LTSRS I N TP .
o S A 5y 3 o A2 535 A % . 3 o A 535 R
03 SE L o 0S¢ 03 SE o el
] oo O3S G O SE ) ] Qe 3 SE
Aa
ND ND RAAME VAR ND ND ND ND C10:0
DT E o SAY £ /® AYE R v g At et ey C12:0
VEE S VoY £ /0 x? Yo . /B T YIS AR YA VA LR STE ISR L I SR Cl14:0
NTESVA L AWV E e ND VAAEION NATERION ND ND C15:0
e n?® etk n? ND N E Ty ND ND C15:1
AT E 0t NATE LAY Tt ™ yone o0 veavE o0 veanEga B yanrkgn© C16:0
J g alsl
VEAE +/0Y © Nt R L Y N V= ST cl6:1
AT YA 0 RV YA S AL T\ VAN N TSV S/ C17:0
A E e © Y £ P A L YA S I S L N YT T R C17:1
§AVE ey P EXAE N MR RO AT\ SVIL I\ S VANL S Va\ RNV S VXSS S C18:0
ND ND e € ND ND oY £ erP NAEDR Cl18:1t
+ o0y ? ‘ + o0y ? ‘
- YAV £ /00 YVYY £ /e YAC i WOETIAL s VIR VAL D SV N S L R D)
[

N CYR R N YN DR gy A

£y ? R eV
YUAO £ o/ ¥ VARY a0
14/0+ Vo/to
ND ND VYo £ o © ND

TRV

eq el XY £ aexBR XY £y B

C18:2 t (n-9)
Va0 v P vy © O C18:0c (n-6)
ND ver o veitoan 0184103

AR


www.sid.ir

Sladeul Gl g 5 plerd S 5 s

V£ er? VoY o NI Y R Y AR Y AL B 2 SRV (o SI T SR C20:0
VY E ey © VAY £ 4 /y° Y/x e B /S RV LRV IE A VavE v yarxoa t 0183 (n-3)
vy © AEa® oA /YRR A Y Y Y T VI L VA Lo ISV C20:1
Y P D E RV Y S A R TZL I RV S VIL A C22:0
NIV JAY £ P VAV /oY ND ND veak B vavkga A 0204 (n-6)
ND ND V£ © ND ND caa £y yAY ey A C20:4 n-3
VAV ey © Yy Yokt v Y v © vty vy Y 020:5 (n3)
ND YV E YD YA A L /AL VI Y VAL SLIVAR VA b ND C24:0
RIS INESVRL wE @ ek Y e Y vk eyt 022:5 (n-6)
DYeE e © vor & 1ot VE S ke v ok am ke b 0225 (n-3)
YAUE e P NIEYR L o Y oy e © arE Y™ At 022:6 (n-3)
VW ) e e Yok ¥ vt E v xar gt Yy £ YD oy ke A Others

L S 550 sl o (sladd gad fw Slalie CiDstl 5 g sn0lis sy a 53 (@, by ey ) Ko sS sline Gy el jlrs Gl il £ Sl Sl iolie

sl s Gy 53 (p</00) Cilzses (slasless o slabiae GVl 3 5 e lias LS (A, B, Gy il) S5 By o 5 Cilisie (slajss 5o (S5 Osb

s glales s el u_il..ql;;: < L;LAJ.:M\C,\M‘}CJW“ J‘,.\?

Shss F~Sa, bk Shss FS55 0a%
Som 805 5 e A S
Sl om0 s ST LT 585 £l
. A A2 55 e O3S A
Geos O3 SF e Geee O3 SE i i S Aals
e G
Y¥/a1 Ya/\ Y41 Yi/00 YY/Yo YV/AL YA/Y SSFA
YAXY YY/YV YY/00 YUVY YV/VE YY/Yo Yo/ SMUFA
Yo/at YE/NA YV ARYANY YV/4) Y0/44 YUYE SPUFA
A 1/ /5% e VAY %% %% SFA/PUFA
V/AQ Y/¥ Y/YY A/AY Y/en Y/EA YV SPUFA+MUFA/SFA
A A\ /Yo AN VY Y VAN C22:6/C16:0
J g aalal
o/va 4 \¥/YY ARVA\] 4/4¢ VUNY YV/AA n-3 fatty acids
Yo/av YV/AN Yo/vY Vo/0n YVAA Y410 AIYO n-6 fatty acids
/YA YE 0 A% /OA JAY YV n-3/n-6 ratio
% /81 ¥i3% Ay +/0) iy /08 Al
(VAR /oY Vg ./OY +/0) Y +/Yo TI

L (C18:1) el S5 (MUFA) sliil e S O x> oot gl 3 eded glalid o sladad sl
Jlisan 5 (ool oS V0 3 2 D) TH/0Y (Gl s
53 eSS AN Gl e L (C1601) el Szl O

Al S 8555 55 w35 (bl oS )0

a5 (C16:0) dmal Sozally ool 653 YY (Ual2)
53 ) VAN gl L (SFA) pLdl o (slatond

lodul Gl s e e (Gl p 500


www.sid.ir

Sladeul Gl g 5 plerd S 5 s

s 0357 3l e s O 8 D (S Do
L ged 53 5 10/80 5 VVA0 (glsme L S s
oSV 5 e, SN0 SYVAOD s San A S,
S 51 A Sas 53 3 S jasiie (el
S 5 e S s Dok A ged )3 deaie Do
b o Gladeal Jlde o i (ol 03 S
S TVIVE (Gl e L gLl 2 SO o gladnl &
Ol dlsasy 5 (@ppdel p S V0 3 p ) YUVY
533 XE/00 STV glsmmn Ly gLl o (sladied
3TV Glpma b plidl e dr o sladenl Sulg
Sl Sldie g (O A rj§ Yoo s p§) YVYY
02 Shm Aol 5 ASa, O Aged 53 8 5o Ll
Sose o3> 8l SRl ole 03 SE e Sl e A S
50 L e 5o 5l bk sed dan 3 el S 2l
Oemed el adls o5 s 2l 0357 e Ol
e 3 e S pots SIS (b 2S5, L 4 sed o
e i ol 03 53 ) i A Ggs L3 OB
(el ¢S V0 3 0 8) VA (&) see L PUFA
oSV 3 0 STV (gl me LU MUFA o
22 e ) YA (slgme LSFA Colg 55 5 (i
S A s 03 5 a8 edalie (o zdanl p STV 0
LMUFA o5 S & by apliie o 2l ol 05 SF
Jlises 5 (Com deal o5 )0 53 0 S TANT (gl yime
(C el ¢S V0 3 0 ) YT/AT (sl e L SFA O
oS\ er 53 0, S) YONAE (sl sme LPUFA Syl s
53 (SFA) gLl oz ladenl ¢ s0men 35 (o]
500 3 Sz Sl 5 S, Ol adgel 55
3o 5 e D poin IS LA L i
S Sladeal ¢ seoms 3L SR Gree 03,55
Sz S5 Osdks w500 53 MUFA) gLl 2 SO

Y4

(Gl 0,510 s 0 ) VYL (gl ioms | (C22:6)
53 (PUFA) pldl 8t o okl (a2l 5
S Sladel Sl i A3 S Gatie ol 4 sl
o o Skl 4 by e pl e el gLl
Gadeal o FUFE Gl ymma L (PUFA) _eliil 5
o) Y/ (sl yte b (MUFA) sl G
agas 53 OF Glyoe o a8 5 (ol ¢S 100
e Ly (SFA) pldl O sladal oy by o ol
ol adllas g (Gl 0 SV e 55 6 3) YANY
= (2006) Ol )Les 5 Gladyshev i alice yioman
R S R P e TR LRTTY
53l Sl ST ale Al s (555,5 olil o
B S OS ol s, ples 5o 0Ll e 2
Als 3T als DHA 5 BPA (gl me 55 ialS w0l
LS 03,5 o Lol i edalie Soculs
2l 0Ly o il ol (sl 5o 5L
S50 O3y el 3 SFA 638 53 yaxls O i
S A S0 5w 0357 e OV o A2 S0 02
Lol Seedl 2l O3S Sl 5 26 03 S
p_f Yoo s p_f) YO/t S YENY Yo/NN (gl L
o A 50 0 S Lok el en gy (i
SFA Laxld ozl 35 2l 0357 5 5l e s
23 S TV 5 YANY (gl gimme b ool Szl Olos
o2l S Al S et (el 2 SV
S 5 U 8 3 03 (A5 s Ok Dles 5> MUFA
YY/YE 5 ¥VOY ol yima b dd Syl (2l 03,55 o
Lol 53 5 dd sdalin (el p S 00 550 5)
= 2l O3S Sl e s DR A S0 03 S
oSV 53 e )TV 5 YEAV (sl gimms L ol S


www.sid.ir

VWAE s f 3 las of 3,93

SNt 055 5 pshe

oS s deoe - s PUFA slie Jals ol
Ol 4 ge 55 C22:6/C16:0 ,laas .ol C22:6/C16:0
3N e ol O3S Ol e s Ul eSS
Sl o O 8 S 0 S L aiged 3 5o s /T
o— 3 u,l:.”v Lh)Lo.”J O S Ad edalie v/V 0 ‘Qbﬁéﬁ
C22:6/C16:0 Jlaie 55 Sl ,oid ol 05 S5
JASN)'})QMJL@}JIAJJ AL edalin
B 1S UL W] I P DY K WWOK.{ . ] USRI CE 1

C—ws (Rezaei et al., 2006) Cul dazin Oy g
S s e el 3 =Kl 4 Y-l O sland
VON s e 2l 03 S e Sl s e A Sl 03
53 o l S5 b digad 53 5 3 S sdalie N
3V S 2l 087 e Sl s e A S
Ol,Len 5 Zakipour Rahimabadi .ol o35 +/YA
St & YKl ssl 5l O gladel cs (YY)
o Cd S wsed 53 | (0-3/n-6) 1=Kl 63l Sl
sl A0 S S S VIV sy s 4sas 3 5 £110
O S XLl O sladinl 33 VL Las o
Dl B i 3 45 3 i e 55 D0-3/T6
€ O3S 3l e 8505 03 Dled 53 8 3 e
ol C\J;';:M\ o SIAAL S TL s oz ls 5y 2l
v ey b S SSuu s 585, 05k slads
@A /0 AL G S a Gres 05,5F o 3l e 5 e
Gl 2/ 5 +/0Y (+/0Y +/0) TT 5 +/0V 5 /87
TI el 53 5luie (2008) Turan 4 Kaya .(Y Jyi2)
it o3 3 i ey Sl b sl [ AT
OLLSen s Kaya pioman 5 V/ET=V/EY 5 0/TV —0/Y1
ol sl sl 1y Ll 53 ol Olpe (2008)
SasS 6,8 Slidss 5. S S8 ) /0) 5 /)

(3 S Oy e (2001) O Sen s Rueda (5

3o o RIS Ges O3S 7 e S A A S 03
L agmd 3 il szl Sl 28lS e 0356 o
Gos 03,57 3 SRy A0 S0 03 S S
Cls Ll Gl G 03 SF e Ol ey 5 SR8
Jdsn il e bsles 5les S o sladeal o
G (b Ol ST L 5 damie & o (51060
s Garcia -Arias 4lLis aallas 5 0l O3, S s
s 035 ¢S —slomil ~ sy 3 45(2003) 0l Sas
A3 S s g sl gbadd O il S 5
e 45w s 55 55 PUFA s MUFA SFA § yoomes
Gt 55,500 b edd e S e sbss 5 bl bl |
Q/FY 5 8/07 £/0F SFA 15 S saline |y 5 uslis
S Y/VOE PUFA 5 VVE 5 \Y/E A Y/0 MUFA
OLHLSan 5 Bakar (o, = Joul ¢J§ Yoo s VJ;)WM'
5 dezee odd asiy b s oo gl S (2008)
Scomberomorous ) J SLs Al 30 e Q;JJrj_f
Aol 4 sad 3 o e el 5 ta oS3 (quutatus
s edalie 5 Sy son edde S ol 5 edd ay
VAT MUFA ($V/+0 5 §V/\+ $AFY 3 s SFA
3 r;) £0/0Y 5 £Y/Y\ £Y/VA PUFA 5 V/EY 5V/\0
o ke i oS Olale 3 (el p 510
Sanchez-) 5,8 . &) 50 SAEE e GE sy 5 1A
.(Varela and Ruiz-Roso, 1992; Muniz et al., 1992
Lglo i aS sladsd o ool oS 5 0357
Sanchez-Muniz (Y Jsd>) sls o (¢ K | sba
e 53 oo deal uss a8 W5 S 0L (1992) 0L, Ken
ot 3 el O Cdl A 03,55 Oley 55
—;L@l—é’_b oo I 5 b oo O gl S
5 C22:6/C16:0 i Ll 5 s a3l >
axllles 5> .(Garcia-Arias et al.,, 2003) ool ol 03l


www.sid.ir

Sladeul Gl g 5 plerd S 5 s

@Lh

AOAC. 2005. Official method of analysis chemists.
In W. Horwitz (Ed.), Method 950.46 (18th ed).
Maryland, USA: Official Method of Analysis
Chemists.

Asgharzadeh, A., Shabanpour, B., Aubourg, S. P.
and Hosseini, H. 2010. Chemical changes in silver
carp (Hypophthalmichthys molitrix) minced muscle
during frozen storage: Effect of a previous washing
process. Grasas y Aceites, 61: (1).

Aubourg, S. P., Lehmann, I. and Gallardo, J.
2002. Effect of previous chilled storage on rancidity
development in frozen horse mackerel (Trachurus
trachurus). Journal of the Science of Food
Agriculture, 82: 1764-1771.

Bakar, J., Zakipour Rahimabadi, E. and Che
Man, Y. 2008. Lipid characteristics in cooked, chill-
reheated fillets of Indo-Pacific king mackerel
(Scomberomorous guttatus). LWT — Food Science

and Technology, 41(10): 2144-2150.

Bongar, A. 1998. Comparative study of frying to the
other cooking techniques. Influence on the nutritive
value. Grasas y Aceites, 49: 250-260.

Candela, M., Astiararan, I. and Bello, J. 1998.
Deep-fat frying modifies high-fat fish  fraction.
Journal of Agricultural and Food Chemistry, 46:
2793-2796.

Gall, K. L., Otwell, W. S., Koburger, J. A. and
Appledorf, H. 1983. Effects of four cooking
methods on the proximate, mineral and fatty acid
composition of fish fillets. Journal of Food Science,
48: 1068-1073.

Gandemer, G. 2002. Lipids in muscles and adipose
tissues, changes during processing and sensory
properties of meat products. Journal of Meat
Science, 62 (3): 309-321.

Garaffo, M. A., Vassallo-Agius, R., Nengas, Y.,
Lembo, E., Rando, R., Maisano, R., Dugo, G. and
Giuffrida, D. 2011. Fatty acids profile, Atherogenic
(TA) and Thrombogenic (IT) health lipid indices, of
raw roe of Blue Fin Tuna (Thunnus thynnus L.) and
their salted product 'Bottarga' . Food and Nutrition
Sciences, 2: 736-743.

7Y

Al s S Lo AL BT sla el s
S gl 5 0/0) 5 +/YE Sharpsnout seabream
o s S Olsse /OY 5 /Y0 Al pl i
Gl Ly AL 5 TI jasls Olse (2007) O1Kas 5 Turan
A3,S 58 YV 5 o/ Thorn back ray sl
=S50 05 Dlad 55 a3 TL 5 Al gl oL
I om 4 s e 5 B ELF S by Shss
S 35 G 03,57 e 3l G 00 S0 3 S 03 SE e
YLKl doss Do mie 5 Ll 5>l 035 S
2l DU Tl o D2 e L
Lol (ol Slsme 2l 03 S 51y 40 S
Gadenl 285 5 O gl ST sz LES oS il 2153l

el Y=l O

& S doms
o kel ST 0l Jliass 5 SRl S g
SaLS PUFA (gly s opl ol das o JialS 1, Koo
3L L YKl O el o oS I s b e
Al e Sl MUFA ol SO O o sladl
O gl denS] 5 Aoz Syt (IS (30 izas
S35 O 5 S5, L aised 53 a3 PUFA Ol
A sy b sas 45 C22:6/C16:0 Cond .l o 2alS
350 Slras s 4 Sl Goos 03,57 e Sl e 5 i
O e deas e QLIS u_mbajf Lol B u_gLle
Syt S 3 e AT S T gla als il 53l
Slas 5o a Y-l gladnd luds g 03 S ¢

D i S5 Laiseld j3 Lals plaS adls falS


www.sid.ir

VWAE s f 3 las of 3,93

SNt 055 5 pshe

(Industrial and homemade). Safavi publication.
Zanjan, Iran. 78 pp. (In Persian)

Moreira, R. G., Sun, X. Z. and Chen, Y. H. 1997.
Factors affecting oil uptake in tortilla chips in deep-
fat frying. Journal of Food Engineering, 31: 480-
498.

Perez-Alonso, F., Arias, C. and Aubourg, S. P.
2003. Lipid deterioration during chilled storage of
Atlantic pomfret (Brama brama). European Journal
of Lipid Science and Technology, 105: 661- 667.

Pinthus, E. J., Weinberg, P. and Saguy, 1. S. 1995.
Oil uptake in deep-fat frying as affected by porosity.
Journal of Food Science, 60: 767-769.

Rezaei, M., Sahari, M. A. and Moeini, S. 2006.
Quality assessment of lipid in Anchovy Kilka
(Clupeonella engrauliformis) during frozen storage
at different temperature. Journal of Agriculture and
Natural — Resources,  Isfahan  University — of
Technology, 10(4): 435-445. (Abstract in English)

Rueda, F. M., Hernandez, M. D., Egea, M. A.,
Aguado, F., Garcia, B. and Martinez, F. J. 2001.
Differences in tissue fatty acid composition between
reared and wild Sharpsnout Sea Bream. Diplodus
puntazzo (Cetti, 1777). British Journal of Nutrition,
86 (5): 617-622.

Saguy, I. S. and Dana, D. 2003.. Integrated
approach to deep fat frying: engineering, nutrition,
health and consumer aspects. Journal of . food
engineering, 56(2): 143-152.

Sanchez-Muniz, F. J., Viejo, J. M. and Medina,
R. 1992. Deep frying. of sardines in different
culinary fats. Changes in the fatty acid composition
of sardines and frying fats. Journal of Agricultural
and Food Chemistry,40: 2252-2256.

Shahidi, F. 1997. Assessment of lipid oxidation and
off-flavor development in meat and meat products. P
247-266, In Shahidi, F.(eds.), Flavor of meat and
meat products, Chapman and Hall, USA, 429p.

Skjoldebrand, C., Ohlsson, T. H., O Sullivan, K.,
and Turner, M. 1984.Reheating of food in
catering, P 425-431, In: Varela, G (eds.), Thermal
processing and quality of foods. Elsevier Applied
Science Publishers Ltd, New York, USA.

Tukkan, A. U., Cakli, S. and Kilinc, B. 2008.
Effects of cooking methods on the proximate
composition and fatty acid composition of seabass
(Dicentrarchus labrax, Linnaeus, 1758). Food and
Bioproducts Processing, 86: 163-166.

\YY

Garcia-Arias, M. T., Alvarez Pontes, E., Garcia-
Linares, M. C., Garcia- Fernandez, M. C. and
Sanchez-Muniz, F. J. 2003. Cooking-freezing-
reheating (CFR) of sardine (Sardina pilchardus)
fillets. Effect of different cooking and reheating
procedures on the proximate and fatty acid
composition. Food Chemistry, 83: 349-356.

Gladyshev, M. L., Sushchik, N. N., Gubanenko, G.
A., Demirchieva, S. M. and Kalachova, G. S.
2006. Effect of way of cooking on content of
essential polyunsaturated fatty acids in muscle tissue
of humpback salmon (Oncorhynchus gorbuscha).
Food Chemistry, 96: 446-451.

Haliloglu, H. 1., Bayir, A., Sirkeciolu, A. N., Aras.
N.M. and Atamanalp, M. 2004. Comparison of
fatty acid composition in some tissues of rainbow
trout (Oncorhynchus mykiss) living in seawater and
freshwater. Food Chemistry, 86 (1): 55-59.

Jittrepotch, N., Ushio, H. and Ohshima, T. 2006.
Oxidative - stabilities of triacylglycerol  and
phospholipids fractions of cooked Japanese sardine
meat during low temperature storage. Journal of
Food Science, 99: 360-367.

Kaya, Y., Turan, H. and Erdem, M. E. 2008. Fatty
acid and amino acid composition of raw and hot
smoked sturgeon (Huso huso, L. 1758).
International Journal of Food Science and Nutrition.
59 (7-8): 635-642.

Kaya, Y. and Turan, H. 2008. Fatty acids
composition of anchovy (Engraulis encrasicolus L.
1758) oil produced in Sinop- Turkey. Journal of
Fisheries Sciences, 2(5): 693-697.

Kose , S., Karacam, H., Kutlu, S. and Boran, M.
2001. Investigating the shelf- life of the anchovy
dish called ‘Hamsikusu’ in frozen storage at -
18£1°C .Turkish Journal of Veterinary and Animal
Sciences, 25: 651-656.

Metcalf, L. D., Schmitz, A. A. and Pelka, J. R.
1966. Rapid preparation of fatty acid esters from
lipids for gas chromatographic analysis. Analytical
chemistry, 38(3): 514-515.

Mills, A. 1975. Measuring changes that occur during
frozen storage of fish: a review. International
Journal of Food Science and Technology, 10(5):
483-496.

Moradi, G. A. and Safi Yari, S. 2005. Manual on
processing of value added seafood products


www.sid.ir

Sladeul Gl g 5 plerd S 5 s

Waters, M. E. 1988. Chemical composition of
frozen storage of weakfish (Cynoscium regalis).
Marine Fish Reviews, 50: 27-33.

Zakipour Rahimabadi, E., Elyasi, A., Sahari,
M.A. and Zare, P. 2011. Effects of frying on
proximate and fatty acid characteristics of fish
fingers made from mince and surimi of common
carp (Cyprinus carpio). Iranian Journal of Food
Science and Technology, 8(29): 1-11. (Abstract in
English)

\YY

Turan, H., Sonmez, G. and Kaya, Y. 2007. Fatty
acid profile and proximate composition of the
thornback ray (Raja clavata, L. 1758) from the
Sinop coast in the Black Sea. Journal of Fisheries
Sciences, 1(2): 97-103.

Varela, G. and Ruiz-Roso, B. 1992. Some effects
of deep frying on dietary fat intake. Nutrition
Reviews, 50(9): 256-262.


www.sid.ir

T™MU

Scientific - Research Journal Vol. 4, No. 4, Winter 2016

F‘J-'

Proximate analysis and fatty acid composition of silver carp
(Hypophthalmichthys molitrix) fillet after flash frying, frozen storage and
deep-fat frying

Khadijeh Noorzaee', Eshagh Zakipour Rahimabadi >**, Ebrahim Alizadeh Doughikollace®

1-M.Sc. Student, Department of Fish Processing Technology, University of Zabol, Zabol, Iran

2-Associate Professor, Fisheries Department, University of Zabol, Faculty of Natural Resources,
University of Zabol, Zabol, Iran

3-Associate Professor, Fisheries Department, Faculty of Natural Resources, University of Guilan, Sowmeh
Sara, Iran

4- Associate Professor, Fisheries Department, University of Zabol, Faculty of Natural Resources,

University of Zabol, Zabol, Iran
Received: 01.12.2014 Accepted : 07.11.2015

*Corresponding author : e zakipour @yahoo.com

Abstract

The fatty acid composition and changes in silver carp fillet after flash frying, frozen
storage and deep frying of was studied. For this purpose, fillets with edible coating
and uncoated were tested. Fillets after flash frying for 30s, cooling, packaging and
cooling were kept in freezer for three months, then deep fried. Flash frying and final
deep frying increased the amount of total fat in fillets. The fat content of samples
(5.07% at day 0) changed to 9.52 + 1.97 and 7.54 + 2.80 % after flash frying and to
9.33 £ 0.70 and 9.39 + 0.24 % after final deep frying in uncoated and coated
samples, respectively. Moisture content decreased after frying and increased after 3
months frozen storage (P<0.05). Twenty six saturated and unsaturated fatty acids
were detected in samples. N-3/n-6 ratio was 3.37 in control samples. This ratio was
0.82 and 0.65 for uncoated and coated samples, respectively after flash frying and
decreased to 0.66 and 0.28 after final deep frying. Atherogenic index (AI) and
thrombosis index (TI) in day 90 after final deep frying in uncoated and coated
treatments were 0.60, 0.53 and 0.57 and 0.69, respectively.

Keywords: Fish fillet, Edible coating, Fatty acid profile, Flash fry, Frozen storage
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