[ Downloaded from nsft.sbmu.ac.ir on 2026-07-08 ]

oln! 2158 @lue g 408 pole alxo
227-236 clonisw 1392 yliune o oo i JLus

€9y OgewlannST aig) » TBHQ b dwslio)d Jg,85595 (Sl 51 I 1 (o) 2
GBwib ploj o (b Fale
3 gomms Lo Jlae = Toslile S —Zosly ol o)lisS - pals ailsy,
(2l mlio g 4385 pole 0uSiiils )eiS Sle mlio 5 ldss Clided sl (bsmeiaily Glidos ateS (e mlio g psle wd)l wlis)ls aSgal il -1
O S s s (S5, ke Al

OIS i duged (S pole olKils ( 0lié qulio 5 48iT psle 0aSLails (9iS L1 mlio 5 (lydss Clidos sl ( olé mlio 5 psle 09,5 JLotiul -2
Knayebz @sbmu.ac.ir | Ssg mSIl Cawy ol

Sl Ol i St S5y psle oSl o NE mlio 5 05T pale Sl (eiS SiE mlio 5 claydis iz gl (i mlio 5 psle 05,5 Lokl =3

9211112 5 pdy o6 9219124 b yo 5,6

oUuS>

el 00 A lie  TBHQ simy (489, Caio 50 gy (e olaasST 5T b g oy 0 (6,005 oo

150 ppm 5 Js,855 55 450 ppm o5 5 4 (MTQ) (552 5 (MTC) (nmls fannsST 5T (5l slajlos 4ng5 5lane 2 [l ig 5 g Slgo
b plailole y2 (Ll g oy loj 3 o sl 5 5 JUlSe il (g 5l el

Slayle) 5o digad 99 (g SL o33l diged 99 50 50 (gl Lo dilial guwlannST oo diged 90 2 0 84, B oo i b ‘badl
MTQ ;Lo 51 Fede s MTC jlos 10 (6,005 olo B (b 0Ty puy a5l ol S K9, Cpmizad <0105 ()L 1 (5,10 sima gl alisea

MTC s STy s (6,005 3T sba 5 Jlo ol b 8,8 sgaomn |y oSl e LS5 (5 50 15 & Jy 3555 oSl 5 53
) 85 sine gl lacylo; 51 o g 40 MTQ jlous 43 Cos MTC jlas 50 JURe g 0o sl Gl bl il 3IMTQ e 4 S

b 535555 QoI gl s oo (it azmei (al 28l (20l spuliie ©j50 @ 0loj SIS L iged 99 50 0 o )l a3, 0l LS
Sl rbio 53l 5 wales J5S Sigmle () 318 50 1y (ygrmibieneST Sl 108 (550 55k s J5 35555 (smel (lagmnST 5T 116 5 Ao
il Jsame !y TBHQ (g3t oloennST 5T

I o o3mlannS] Sl TBHQ s 355’5 ol o319

FPRV-IN )

S9y M‘?"LS'A 9 asls ‘SM)L) ‘:L_:j.: A.AL_M;‘ aS oo
U ey sl SYgaze by, (o oS
oo ogdle 4y .00 0 @"L').é oole Sl gil8 ) 6&’%_;}?.3
Lg‘tb.).x.: U"’))‘ 9 oAl Lbu.uct.)s Jsle 6m 0|9A u.)).z.) L
Cyaze Glail Cdles (sl Ga GsemlinnST I Jol>

w_x!o 9 0D rn|95 b‘yc ‘Q.{.:g) ‘45)..0 «Sad ‘é}"° fV’U 09,)
PRRNPE ORI B N IS [N ) RYER S RPN
oo (1) il Gz o 95250 (Glo s (25 panyy
Slud an coi Yo oz 9 mba PH o 4 Sinle
5 Looreyy GgealinnS T (2) Sl Janly Sl (29,500
Yo oz b alalie ;o laé o8 el (n St b2y


http://nsft.sbmu.ac.ir/article-1-1545-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-08 ]

OhlSan 5 el &by, [ J5,5 5 a1 8T DB oy

228

7 SRy JIo an s Ll asols (las gl
o=l 50 (5 000 gl gl 5o GlauST T BT (g
Js295 95 (Pran Sbile o (g )lo e LS| adlllas
eizea +(9) as oanltis ShanS1 ol (Shg 5
512009 JL_—w ,o _2l,L_Sen 4 Frisenfeldt Horn
@b ol ol 15 (6551 (Jgams 9, 1) Js2e5 5LS
s baoe sles )3 (6l wan 0o (b ale (529,
OE9y 4 0d 039331 Jg 395 5LelS olo (yLas gl wivges
a5k o35 55 55,50 440 51 VL gl clile o oo
SIS (b 29, GglinST il cul J0L3 (55
3 SISl T Eomols 2 9 9)9] Jee 4 Canilewe
s aalie als (g5, 0,5 50 055,50 660 il
(10)

ol W aalllas (pl )0 cond lyie Cdllas 4y x5 L
sy o585 5 sl Ol ST T S o0 b
oo it b GUT sles 13 Fale o €9, gl
5zl i OS5 T L gl aslie 5 (6l
ool cgz enlis 3Kl TBHQ iws 1ié conto
0y L8l Jsaze opl jo
Bty golge @
Stz LS 0900l Pl oo Slg—o 4td
riizrats LS ol LS o5, 5l ol S
ST yesial glsl s Lo 53 51 Js 85558 a1
3,90 (obeons Slgo s 9 Lil—wl Vitaenatural .5, %
agy ol e o8 s 5 esliglesT ool o oolica
IRV Y
rSee 55 Pl slaasses Hglo Gloaiges ans
G 9>y 50 05 5LS 6 7> 4 (2Rl 565500
3 o g Sl w0 5 ads el ©5 20 anns
ol yot a4y O« o (ygums s 51 jglaie .l onal 1 IS
9 oLy oo Jolit igals s )3 slome (5,09 Slge
At 53 il ;S0 s Slash 5 Sljge 0yl
BB L 8y, A b OISl sl nle
S3l> lesd a5 Caz 5 3,855 55 490ppm oS 3T
by -£9, 4 TBHQ L50ppm (g5 oylaps| 5T
Fle GawVae 8 10 o ol alal lansT ST 08l
Sloier oS5 s, |y Jyamme W60 a5” Sl 518 IS
= o255l sl al ) Js A8 ST 3T (Byb 5l
Jg—amme ;5 palls Js8s 55 (olad lime 09 00

Ko amd o Lt 09290 lallas (4 D) 098
3 Seamzm e 31wz slaptans 50 GgawlannsS]
2525 L Jds e 40 (5) sl (555 gl
L g ool slopinss 10 GomlannST (59, » ol Slalllas

Lo gl o GorlannS] 3285 prasils b e,
15 Comss patuin oS pobo 0 Panle yolai (l3e o0z
S, 58 ol 3B lae 5B aw Gl JBlas b gand gal
558 OselanST a8 855 5 ©f G s Ol 5B
0dds Lo (o8 COldllas jo 0l wales &) 5B aw oyl
b g Jmaze PH pliad gl S8 o Sees clale
55 53031 Gla JLSisly (6505 IS8 oy (53, 500 Jelse
(6) W3S 31 gl g s azis
Ol oo 985IaenST 505 by Blas 4y jolate 4
e 0y S gl Ay b o Lala ST il
2l 335 5 a8 L3 mlio o )y oS 1
059 el 45 Sl (g olalanST ol il ails
ol 00y ST a0 LT 5 solans og 1l pr g o
Sg—= 4 Wt S g (Lo 4z gi cal Ll
S ST 5T sl o el (sla ST 5T
slopheusl ol slagly) (B p 03B s & (b
el g i a4y wilsi oo LT G e oSl caiies 3
Js25555 (srmb slo eS| 5T e 51
slocgg) prgas (e dlge 13 (a9 )3 45 ol
i Lo pegnl ©)jgo 4 JoB95 55 o)l S99 (AL
037 Pt slapls L as o5 o il connds o
E eeling Olome L ggome ;5 5 0ad aslids J5 85555
sladlseoly oiz )3 Jo 855 (2l aigh oo ouily>
S e 5 ol e Cdl Rl g iz el Sl
ool oyl a g0l o lddone ,1ai ool e a5 YL
oL 4 Jacobsen lawg 2001 Jlo jo.00,5 Gglase
52l 5o sl £33 99 50 J5 85595 ol T ale
s3> snle sladises 5 20-280 ppm e &2 2z
Jolowe Js B9595 45 w0 S polas g 0l (o) (0le (529,
oyl SlauSlyy cools Lo bale olad jo of o
7 5> Jslre JspeS 58 GlaS| il il e
Jlo 50 (8) asb e oais a8 )5 15 4 clale 4y aly
s Kim bwg Jg,845 lall Slous] 1 , 3512012

R ) u] BN Q"‘éﬁ) @My‘w ) u‘)li.o.ab


http://nsft.sbmu.ac.ir/article-1-1545-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-08 ]

229

iy Syge 535 (SS giles,S oliws 4y 3
sl U HP-L e plolS g 5l dadllan ool 4o
gz 012 pm Sl 56 cwlbs $30m x 0/25 mm 1.D.
35 JgmaeS 0 ool il oloS 5 gilolas
590 Jal> 55 lge a4 (Log s %99/999) He (ool
L 40°C adgl oo ol gl aslos (630, 40l i
oo U 5°C/min adgl oles s g aids 5 Uiy o)l
elod e il Leod ol o slaidsl gy 480°C
15 6l 4ids 5 sy 5280°C (glos b 30°C /min 4y
3 ) (Lo 018 Jul> 515 )by ey cil o Los o
Sl 5 allid s solinl cligle;] olas o dids
selected ) SIM cl> ;o MS 55550 5l ooliwl b e
slas 5l JUlRa zl,5ewl j0 .08 pll (ion monitoring
4S5 aibse Ojgo ol 4 diges (gilwoslal 3, (SBg
sy asges S 012 5 o s IS e 0,572 lade
CiSe Su sl ke 1T (2l Jus o )90
e ohie of 2 (Le10 5 sl 1 pblite
e 5 00l 518 g0 Jbg 55, 1) Sl 250 g 1035
Soe O 55y 2 s o S by @ 1) (soseias]
Do s esilepyipen pshaie & Ol 5l e oS o0 o
Jls el e300 )18 500 55 1y Jls 4536 30
ol Sy (555 2 c0le )3 O plas 811 (501, diged
U5°C (slas s apmd Jizte ol 00 4 30
5o s )3 100 1pm (5 am 50 5 ST Lo
(Jus 09y ol Sl 658 5 4230 10 (Lo cnds
0955 &) (Al Pl 525 Soe 3 gl S (35
Pl 0l (S S 0350 iy b g 00503 9l JUs
L Fale diged Jolowo (VL (SBg3 (sLad )35 (j9m Soi 50
095° & SbT sl s se p 2 JUil 00 5 oo Blae (18,
Sz cesbio Gloy B3 Sl Gy g 4385 S j90 P> o,la
ORES b g 00028 VL 1) S0, (aido 15) gl 5
09x% 4 ) S5 09,0 05k5 g Jbg 5SS (e
SLuS 5 (o o 9 (&S loled Cqz < GO olfws
slogssl ol (18).05i e G)5 (25l
008zl LS5 Sl olEitlel 5 yloandssSy 50d
iy plaml (St et (S pole oAy 4555
Eleo daugi 5 Gaiods i3u )0 (> o b))l Griares
s plool plyge lié
it b Sloj 0,90 T anlllas ol yo kel glasIbT
Gl iy g g alisie Lo £45 2 5 (6,5 ole

20 Laasiges 185 0550 sleus a5l ey .05 189 ppm
Ay g oud (guty iy (o0 )5 240 (ol ais By, b
GRS L 5 )RS S H55 99,5 5 T sl jslaie
6y Lo e sloo jo Slislesl plosl ylo; b g 9o 5
Slaobiole] 5l ad> e y o y0 a8 cwl S8 bl was

LY S

Wl o0 oolaiwl diug 0 (5 diges

iy O55) H 45 po 1
| l
Pole o puden

O3S S S
Faale aisei ol 10 1 g8

Oy > Sltalejl (olad 1o gamslinST Mg (o) 2
Pl (6, ole b (b ola o (L o Laaiges W3
b e Jolis 1y Gialesl 6,90 Cat ggame j0 a5 Cdpdy
Gk 9 Ggalid Ghe) L sl il g apSTy d0e
Te 2a- 4Ja 8-87 Lao,les 4 i 4 AOCS o jlusteal
U"‘»)'“';‘ u,».:.b‘ Y 6‘)“ (ll s12) KW Lg)..f c)L.\.v‘ 68
4 AOCS o lasbl Gl 1 5 (5 gt 2ol s
UV-Vis jtegidy iSewl) o oolicwl Cd 18-90 o las
530 zg— Job ;o 5 obwndSil csLw CE 7200 Jos
IS5 50w b oleowds oliole;] woles .(13) (el
ol e ol Gb oy owm slo ol s bl
W) ﬁL?u‘ 0l u*’)ﬂ-“'] uL_)))‘ 5 Jaﬂ:y 9 3443 o)Lo.,.';'.»
Wi (6Kl od, dw Bolad olael b 5ale slodiges
4 Lg‘:\_fa_cu G,._: u_i,.)ﬁ.)_.b U»L_.J-o )‘ ool LJ GLJ))‘ 9
9 u5l!a.ct_) ‘.la_.ww “7)9_1.'49 ‘ggsl.]a.c )LAM JQLM ol
P48 S35 plnl (IS pdy (owyn by osllasl
S 5ol g gl s samas las 1ojless o
P Slwdsi om> (2b) 9rs 5l JS L abb s glla
S o aalllas 5 SIS 5 (ot 4z )d b, aie)
O rb g ABIS (690 g Sk (sl 285 (o0 58 UL
JUILEe Jlacie obj)(14) ais oo soliiwl O 5l laiges
5 lo B L glmtnlg S (o9, b (SBg (sLad ;0 092ge


http://nsft.sbmu.ac.ir/article-1-1545-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-08 ]

OhlSan 5 el &by, [ J5,5 5 a1 8T DB oy

230

(MeqO,/Kg) auusTy il
S
o
o

TR VSR Y|

10.00 -

Qs MTQ
—&— MTC

(0]
o
o
1
O

(o) (5,245 0,90
SIS 0590 (o STy il Sl Jloges .2 S

Gt b Ll (sl Gl (g 2 T Gl o
QLA)‘ i8S L RER QL..,.) oo los S é)bﬂij olo
O rr 5 S Jie Lo j2 50l (p<0/05)
5 (g 500) yho ploj @ bgrje 5 4 apanl oo
3 U s a8 ik ples ailoe 50685 ooy b
L 5 (p>0/05) 5,105 0925 (5 kel Ll 5l laaiges (goum!

1.80
1.70
1.60
1.50
1.40
1.30
1.20

1.10
1.00

(6le) (5,5 0,90

S5 090 (b (gl il Sl yoss loges 3 YK

0295 3 bl Ul g a5 Cazr alesds Sl s3]
2 ANOVA-GLM U (g, S5 sloojlasl uily g Julows
5 oyt et LSD Ly (ol o oslis Jilos ol
= 50 agei 12 (SlaSilee Dolis (gl ro (en
b oslizul Gl ke

,5 3 (ANOVA-One Way) a3 b G il )lg 56T 5
(Duncan) Sils wlFais slaanslio oyg03l 5l 5k & g0
sloasses (e Lol (5)lo e SoldS (s 12
sloolac glauST ool &j08 s eejl 40 5 i
o oolazu] caliseo

el (eSlee (I3 (g Dyl (y0ge3 (i s
omelg S ;55 62l b by 5l s slovyge]
So 0 Ladbiges (o dwslie g1y g (Kruskal-wallis H)
s (Mann-Whitney U ) o2 sg oo 03905 51 pascine oo
s g o 5 (Friedman Test) o3 i, 5
So awlie sl (Wilcoxon) ¢euSShy cudins (90!
Wl oolatwl gloy calizee Jolio jo Jois diged
9o ad 5 s o p<O/05 addllas ol yo (5,l0 cine mlans
20,5 0oliwl SPSS V.16.0 1581 o 5 5l aosls LT g
badl e
a2 JSi j0 a5 jeb len lawmmS Ty (ol
59 32 Sy il adgi oo 50 4SSl 952 b g oo
o) Olss 0ig, (p>0/05) el KouSs wlin Lo
3Ty, il o 5 | isisin 55 ol Jsboyo
Sl Rl e an adss GLes SIMTQ Lo 5o
2 995 jladia (VL 4 pgas ole LG o o (P<O/05)
(o255 55 5LS 50 O3S Vls (51 (i) TIT45
LS Sjg0 d Sy sl p)lez ol j3 o) o0
aalol 3 ey slools jo oialS Wigy ol g aidl ials
ol 50T slade ot olo L ;0 45 555k 4 Wb o0
ol sl 6o K(0/25) ol oo peS 3 yho
oYL 0,53 e i 4 MTC jlas 5o (oo sl
odalie pgd olo (Lo )0 Jles (ml jo S (liee
P55 53 GiemeST OYlg (ST (o) 2139 4 055 e
3l diges 50 Sl sae o1 1 Gy ol (2,
oS mh oloy ol jo g 4Bl palS 950 4 Jy 99555
My ST Aee) (0/89) sy o0 5 055 (gl jlais
19S5 3T ooy Zales 5o (g, pSokS 50 (3eeS]
NI [PUL: PR YT IRVOWE S SRR Y] S KX E )


http://nsft.sbmu.ac.ir/article-1-1545-fa.html

Digad 99 0 g 45y oo 0 ooy 55 .(3 Jsa2)

(p>0/05) s lss 5505 b (5,lo gime Mg 004y aslina
2t 4 o sla o)l 5o kel Blod 5l aglas pae ()l
b 6045 ol i o Lol b 3 pgo ele (bl 5

S s o 5T il g JU1Se cdale Ol puds
alie Lo 93 yo 50 JUliSa cbale 5 cpa sl ol s
2 olpls s o plis 1) Gialidlay o5 a0 g 00
Sl 5 a5l sl e o s g (n o Lo 0

gl oo ool odalive picds ole )L g oo o) 0 cui @ JuliZa
58 il jhie e ple; ooles o (1 Jguz) 05 oo
12.00 - a2 o HLis Fa S L) o)l mme M ST diges
10.00 u’*—’)*;‘ u...ﬁ.)..ﬂ as Fo—w olo ubb P4 ‘(p >0/05)
. Jas 5 iy ole oLl tzma 5 YL MTQ JLes
3 ' s len (4 US) seo e plis |y (552 ke MTC
gl 6.00 cals Ladbgas ,o JUlSe cdile olpss ab ol 45
3 4.00 glay .(2 JS"’) TN ‘_,;.»).JI ol Sl 4 g0l
2.00 b Sy lroygs 51 SG g 55 slesd 59 e )l e
(p>0/05) 04 o5 oamlins ole s ]

0.00

olay Gl L g (6,105 0,90 (o j0 1 g (U3

oboe ol H5e 4 jled 90 2 glp (o b)) 4,
(o) (5,5 0590

6K 0558 (b (n sl il i Jloges 4 S

IS obe G (b sigale | (2Bl 89 sl digad ;0 asil el (Sl L J9axr
bLn o> UL“) )L&.A.I

6 5 4 3 2 1 0
10/26+0/28° 8/600+£0/113°®  8/180+0/169°° 6/8750/332°5¢P 4/580£1/230%%¢  2/570£0/240%®  "2/215#0/148" MTQ
10/79+0/25°  9/180+0/070°° 8/500+0/070° 5/745+0/148® 4/120+1/103* 2/670+0/014* 2/300+0/254*  MTC

(N=3) Lo Bl it Sils™
Al I stme Diglds edias LES sy ,8 50 iglite 5 By 5y B 40 Diglite Ko g >

61945 ola i b srle slo aigai 3 (NGVG) JUIje Cble it (Sibe 2 Jpuir

o oy o e

6 5 4 3 2 1 0

412104+134/82¢  340/1547/4758  329/16£26/044°  326/17+197/42®  21/437+14/864"  "68/265+38/580"  3/339£0/479"  MTQ
516/55+270/130 ©  476/06+226/68°  397/27+105/15%¢  169/45+151/47 ®  57/384+27/576"° 7/620+8/512* 7/845+2(722%  MTC

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-08 ]

(N=3) Lo Bl it Sils™
Al I stme Diglds eaias LES s, ,8 40 Diglite 5 By 5 (e B 40 Dglite SrgS g >


http://nsft.sbmu.ac.ir/article-1-1545-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-08 ]

OhlSan 5 el &by, [ J5,5 5 a1 8T DB oy 232

LAY oLaui...i}GYa)'.S%l.a s aws.ogb))léfu) ~_>|).4...u3 Jeus

ols 3 )l e

6 4 3 2 1 0
1/80+0/44°*  2/20+0/83 ®  2/60+0/54 ©®  3/20£0/83*  3/60+0/54° “4/40£0/39° MTQ
2/00+£0/70°*  2/40+0/54 ®  2/60+0/54 ¢ 3/00+0/70°°  3/60+0/89°° 4/20+0/83° MTC

(N5 byl a5 5 Lawgs snd plosl ) 5l ooel sy guld) Jlomo Bl stk o SiL*

Ao o cre glis eaiad lid (o, ja 10 Sglite 5y g g gt b 48 Dglite SzgS By, >t

Sd ot sl )lene Al il (o 0|
P e sl pdgyaee Jl s as abl o Sty aee
e ot il 3 0l e G T 5
S syl ST oS S sl ol
PS5 a8b (orwlin 05005 )3 0)lg0n Wb Honle apaenl
oxb olgs 00,91 ,8 0 0l ao o 15 5l i an el
ot 51 e 1 Al i By LB 5 2515 sl
D aslyS (09,0 wld L2 g5 Jpaze 2Bl oS LS
(19) el o0 12 5 015 s 5gsle angs 4ol
adly a8l pley Cl3S L aiges 9 0 50 A
P Oy Sordeal Fple a5 Sl ol pal ppl e il
2L 5ele Hamdgel 10 39250 o 56l plo g cl Ol
2z ol (b g )us Glp (orlie Laze 0Bl s
soled oloml (89 L8 50 S9zge ooy S (55 )
Lyl Sas jgas ad oo olid aidS Sldllas (puzxen
Dbl 2 3575 ) b slaiise 31,8 el 51 1y (sl
) Solosine BB Lo 59 sl Guasil (6l e
Ao,y 45 Sl ol el ol Jdo s e lis KuSsL
S am OgYsesb 53 05 zge LS b s O
bt Sl S jLass 99 6, Lulyd 55 5 ol 5T
Eo— 92 oo il Ko ol 4 ol
2l pale Suidgons olad o 6,3l b ylacnsT T
095 5% el (500 Gl mesg o wll el
4 dgei 0,L0l 53 Cusbly cpl @ Glo Faale 5l (2l
Omly PH 81s (izman 5 Snle L ome (0090 o]
Nl sl @8l 50 5 00,5 Joe QlaneSTsn (lyie & lgs e
o5 03,5 3l ekggd 5 tng—d S 2T lags (o5
39555 Jac e slouil o255 Jluk olsie &, 5o ¢
Nl (89, 58 )0 ooy yenddS (655 (oD g 000 crge

WL TR

g 6 ylns STy sl S g3 g ]
S Sl Jpaze )3 39790 SloanS|ng 0 (550l
dace aly8l.050 )5 oo a5 GgmmlinST sl Jolye 5
OgaianST (8L Db 51 (BU ey Jobo 50 aeaST
Fale a8 losl ol S ploy e Sl L
L obs o ol (=8, 58 5 sl T 5o (5895 send 5l
Sld daie Jly 0,25 o 5,8 Ol reg o
Os—dgel 5 (2l 5L SR s 5l adlse il
AR s &5 Sl (5T 51 (VL polie Jal> igle
90 72 50 Sl dae g, (ol g Bioe GgamlannS]
oo A Ly el 4l (al8l ley <l3ST L aiges
po—w ole Ll 3 gl LS 5 4 laanS 5000
D2 o 5las MTQ jles o 1y s (ials Ll lode
Sy 3 oS g0 (eSS Sie s al> o ] 50
2508 Slallls s glive b canl iy ol LSS
aSg, MTC jLews o Ll .(16-18) el oval sy 35
423 oo Lt AT el WS s LSy g 008 iyl
S5 (5 55 s34y J3,89-5'55 oS | ]
sy 4S9 ek el 00, 5 Lo [y aaenST 5 000
25 4o MTQ jles 5l adsl J>lhe 0 Gganlanns]
FSan e plode ooy o ol 3 o8 sl
ssb e s Sl adsl (a1 ST S 585555 4 o
adgl Sl j0 oos JuSis oly] sla JISGol, b pubinne
Gl oS e s | Wil 5 0ls (25T gl
S logSs 3T ol ;o MTC e ;o anSTy sae ool
00 00T 5y gemaslignST 0, aelsl s 4y Yoz
2Bl slod (nl o gLl 2 0z slaoel


http://nsft.sbmu.ac.ir/article-1-1545-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-08 ]

233

aS axdl o o plxl olo KoldT yéq, gilansT 5 loub
b 0y il oy, JUSe (gzen laaadll olie
gl 0 g s Ll )3 (6,005 039, 9 090
59 O Slosme Dl 0925 00l 1 (22) wes e i
oo il (il (b Gloj slooyen 5l S e 5o jles
sl ST T S0 & yle 409 o sanlive
adgl Jolye 4SSl o 2g Ly asdllan (ol o (B yae
S5 e 50 w0903 S5 (295 4 ]y GaemloannS]
Ol 5T sl ygumlonsT 51 o0 a9l LS 5
stelio o 5 Oldllas plo jo.cwl oS Jos (g 5w
oLz (2006) ) ,LSen 5 Samotyja .ol odel cavs 4
ez S ibesy 9 Js e s OlaS Il pog38l ol
O35 Ogemdgal o oS gy JS25 51 6 550 5k
o 5o JUISe LS Lol S (oo 55 sl o o 13I8
BHT (g5 ol 15T g5l digad 5l ey laigas
Jore 0 ol 55 0l 3l G 45 jshailen ((23) ol
J9855 5 ol slesd 55 6550 soka (semlinnST Cnss
sl Ol ede Wig,y ol Wie aS el oads JpuS
H9 Sl Lo jlod b an coid Jlesd (pl 50 0pSTy
e alie J5 2955 (gl e JUIRe clale ol o5
o= b5 ,LSen ¢ Cuvelier .c ! TBHQ o>
st Oge—dsal 3o 1y 8555 QST il o Slos
ol @S et b ol cuns o1 g3 le slo S5
sob oS ceul adsl Qa1 ST Sy Jo,85 55 o laine
JSlis ol 508 g ool 2uSTy ol5T sl 5ol b pubituns
S9s ol b sled Sgamme (5,550 jekay 1) oS 00
oS AL sloidn S 5 (nl bt Sl o
20 Sy a5 Sy08 cpl b wlas a4 (chelator site)

(24) o)ls gmmlanaST 456 S50 5 (655 gl
oley RIHIL 5 (65lae 093 (b ol (o (b3
hlise Rl g0 4 jled 93 8 Sl (e b)) 4,
b W dlge LS5 g oy ganlannST 9 ptn ol ool e
slo Sy 69) 45 Sl ploy SIS b ogllasl 592
) 0 loisine Sl pac o)l e Sl Jgaze (o
OS5l a8 ams (oo (Lt aisnl 5 oy (o
9 92 086 (ol 4 093 addllae (ol )3 (Bras J9peS s
L w105 TBHQ alioe lapaaT 5T ol 5 02 oo

2907 Sl Sl gyt sl g ol s nl s
oalive ol atael (8L Al 5 6 IS5 ooy Jsb
sl
LI WY S PR ] QIRC SR VE St PR
SV £ SRV - [RSC SRCIN I PCVPSRV R RN
T4 2 5 LeJLSIT2 (U5 j5b as) wig- oo w5
ool gLl it sloaadll @ iy (b ool (o gls
9 OgsldenST gl Jolie (o) 2 S )l 5 S
L 5895 OsmlanST ailie o 5 (56 S¥game b5
rlpl wiboe aolol lizmen (6l ey e Gl 33l
Obl 5 5 05 g0 ol ladiged ;0 55 (il (il i
el oy iSTas 4y (6,100 0,90

NS a5 g0i 90 (i il Hlaie o lo oles jo
5= andp >0005) wms (o s K0S L) (g o ine
AL MTQ Lo pan 5l il 6 pos oo (L 5o
|, 6y i MTC e a5 pomiy olo (b g 005
il 5| ol L Uy Lacglis ol oo o oLt
Ol 50 bt Galp3l o)l Sdllae 55 a0uSTy
Olnli s og odls 2, Sloj Al e cnl o oS 000
G oS T g 000 450 Sud oS cusls el les e
o0 (5 e Al LS 3 S o g 228l 13
(20) !
10 JUlSe clale ol s JU158e calilé ol paais
2.0 sl el Slnis 4 g0l calids adiges
JUliSe el jlade o, alidla o) o5 jlad g0
YL lyime 4 a5 L (2 Jgaz) ams oo Lt
9 St gid sl (Sl anl) gLl nf oz slaol
Ladsigos 4 oo Uil bgm ég; 5 (Sl annl
gl SLaS 5 g eog el jlowm GgamlinST 4 S
Lasgall 5 lag,siS e (255,000 dasl o JSIT (ysomen
slaiogis L sael cass 4 gl taigd JuSias sl o
2 e Ol jlgolas a5 (g5 4y o)l Cllae (eiey
3 (21) 0l cews Ll gl 4 095 Slalllas
5 S odmee 3 (6 Olsre a4 JUISe 5l (g Slalllas
9ol 03y pb (gmalinnST 419l SLS 5 0 5 G SOl
losST anjo (b JUlSe JuSas @dly 0 0l Glye
&9y 2 2012 Jlw ;5 48 a0 0 0 0 S50


http://nsft.sbmu.ac.ir/article-1-1545-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-08 ]

OhlSan 5 el &by, [ J5,5 5 a1 8T DB oy

234

olin 5ol Al e s A5 e a1 ]
Jlaie awyy 0l TBHQ (g5 lousT 5T 6l
Js isrS35 § oslinal ol L 55 Aiged 30 2 53 45ped
50 TBHQ 0,5l aylice (Sadgyae olud w0l oo i
ole it o 53 ool 532 358 5 35 55 il
> S bl izren 100,50 7,5 o lailiwl eogase
S5 5 s s srma SIS J3 5555 o 5
e SIS e &y 0 5 3,1 Fmle (g el
S B Bl o Sl o S (S 63 2

e References
1. McClements D, editor. Food Emulsions: Principles.
Practice, and Techniques. 2th ed. Boca Raton, Florida:
CRC Press, 2005. p. 189.

2. Depree JA, Savage GP. Physical and flavour stability
of mayonnaise. Trends Food Sci Tech. 2001;12(5-
6):157-63.

3. Beltran G, Aguilera MP, Gordon MH. Solid phase
microextraction of volatile oxidation compounds in
oil-in-water emulsions. Food Chem
2005;92(3):401-6.

4. Sherwin ER. Oxidation and antioxidants in fat and
oil processing. J Am Oil Chem Soc. 1978;55(11):809-
14.

5. Jacobsen C, Meyer AS, Adler-Nissen J. Oxidation
mechanisms in real food emulsions: oil-water
partition coefficients of selected volatile off-flavor
compounds in mayonnaise. Z Lebensm Unters F A.
1999;208(5-6):317-27.

6. Thomsen MK, Jacobsen C, Skibsted LH. Mechanism
of initiation of oxidation mayonnaise enriched with
fish oil as studied by electron spin resonance
spectroscopy. Eur Food Res  Technol.
2000;211(6):381-6

7. Fatemy H. Lipids. Food chemistry: Sherkate Sahami
Enteshar; 1999. p. 181-7.[in persian]

8. Jacobsen C, Hartvigsen K, Lund P, Thomsen MK,
Skibsted LH, Hglmer G, et al. Oxidation in fish oil-
enriched mayonnaise: 4. Effect of tocopherol
concentration on oxidative deterioration. Eur Food
Res Technol. 2001;212(3):308-18

9. Kim TS, Decker EA, Lee J. Antioxidant capacities of
a-tocopherol, trolox, ascorbic acid, and ascorbyl
palmitate in riboflavin photosensitized oil-in-water
emulsions. Food Chem 2012;133(1):68-75.

> LTy p e Sl g 3,0 sl 12] nle

0,138 o3
OlamST T a8 ol las ol oo gl (S 5k 4
) OgamsloamnST Csl 108 (5,550 jsb 4y J9 85555 (smmb
o 3l el mli il JpS pale (289, 56 50
o wSTyg 00 LSS Wpd o i STy dae

Sl 55 J5,89585 (9l Hlend 5o (ygelannST Sl Lol

3ol 6 gl DluS 5 oy odle 4yl azdly, S
pae 5 (JUISe jlaie 5 cpasil Guad]) psemslans]
Ot O3S oy Sliglejl gl 5o o ine glas
oS ol cdlae lanbe J5,85S55 5 TBHQ wiged 5o

10. Horn AF, Nielsen NS, Jacobsen C. Additions of
caffeic acid, ascorbyl palmitate or y-tocopherol to
fish oil-enriched energy bars affect lipid oxidation
differently. Food Chem 2009;112(2):412-20.

11. Peroxide Value. Ja 8-87. AOCS (Official Methods
and Recommended Practices of the AOCS).

12. Acid Value. Te 2a-64: AOCS (Official Methods
and Recommended Practices of the AOCS).

13. p-Anisidine Value. Cd 18-90: AOCS (Official
Methods and Recommended Practices of the
AQCS).

14. Institute of Standards and Industrial Research of
Iran, Sensory Analysis — Methodology Evaluation
Of Food Products By Methods Using Scales. ISIRI.
No 3443. Karaj: ISIRI; 1978 [in persian].

15. Enteshari M, Mohammadi A, Nayebzadeh K,
Azadniya E. Optimization of Headspace Single-
Drop  Microextraction Coupled with  Gas
Chromatography-Mass Spectrometry for
Determining Volatile Oxidation Compounds in
Mayonnaise by Response Surface Methodology.
Food Anal Meth. 2013:1-11.

16. Guillén MaD, Cabo N. Fourier transform infrared
spectra data versus peroxide and anisidine values to
determine oxidative stability of edible oils. Food
Chem 2002;77(4):503-10.

17. Guillen MD, Cabo N, Ibargoitia ML, Ruiz A. Study
of both Sunflower Oil and Its Headspace throughout
the Oxidation Process. Occurrence in the Headspace
of Toxic Oxygenated Aldehydes. J Agr Food Chem.
2005;53(4):1093-101.

18. Miyashita K, Takagi T. Study on the oxidative rate
and prooxidant activity of free fatty acids. J Amer
Oil Chem Soc. 1986;63(10):1380-4.

19. Maghsoudi S. The Technology of Sauces
Producing. Iran: Marz-e-Danesh; 2005[in persian]


http://nsft.sbmu.ac.ir/article-1-1545-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-08 ]

235

20. Akoh CC, Min DB. Food lipids: chemistry,
nutrition, and biotechnology: CRC Press; 2008.

21. Bett Karen L, Boylston TD. Effect of Storage on
Roasted Peanut Quality. Lipid Oxidation in Food:
American Chemical Society; 1992. p. 322-43.

22. Petersen KD, Kleeberg KK, Jahreis G, Fritsche J.
Assessment of the oxidative stability of
conventional and high-oleic sunflower oil by means
of solid-phase microextraction-gas chromatography.
Int J Food Sci Nutr. 2012;63(2):160-9.

23. Samotyja U, Matecka M. Effects of blackcurrant
seeds and rosemary extracts on oxidative stability of
bulk and emulsified lipid substrates .Food Chem
2007;104(1):317-23.

24. Cuwvelier M-E, Bondet V, Berset C. Behavior of
phenolic antioxidants in a partitioned medium:
structure—Activity relationship. J Am Qil Chem
Soc. 2000;77(8):819-24.


http://nsft.sbmu.ac.ir/article-1-1545-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-08 ]

Iranian Journal of Nutrition Sciences & Food Technology 236
Vol. 8, No. 4, Winter 2014

Antioxidant effect of tocopherol and TBHQ on oil oxidation over the shelf life of

mayonnaise
Shahin R* , Nayebzadeh K?*, Alizadeh L' ,Mohammadi A3

1- M.Sc. Graguated in Food Sciences and Food Technology, Students’ Research Committee, National Nutrition and Food
Technology Research Institute, Faculty of Nutrition Sciences and Food Technology, Shahid Beheshti University of Medical
Sciences, Tehran, Iran

2-  *Corresponding author: Assistant Prof, Dept. of Food Sciences and Technology, National Nutrition and Food Technology
Research Institute, Faculty of Nutrition Sciences and Food Technology, Shahid Beheshti University of Medical Sciences,
Tehran, Iran, E-mail: Knayebz@sbmu.ac.ir

3- Assistant Prof, Dept. of Food Sciences and Technology, National Nutrition and Food Technology Research Institute,
Faculty of Nutrition Sciences and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran

Received 15 Dec, 2013 Accepted 1 Feb, 2014

Background and Objectives: Common antioxidants in the food industry are usually synthetic
compounds, some with proven toxic and carcinogenic natures. The present study examined the effect of
tocopherol on oil oxidation in mayonnaise at room temperature over its 6 mo shelf life and compared its
performance with common synthetic antioxidants.

Materials and Methods: The treatments were the natural and synthetic antioxidants of 450 ppm
tocopherol (MTC) and 150 ppm TBHQ (MTQ) added to plain oil, which was then used to produce
mayonnaise. The quality of the products was evaluated by measuring the acidity, peroxide and anisidine
values, hexanal concentration, and by sensory evaluation.

Results: The results showed that the oil phase in both samples oxidized during the 6 mo shelf life. The
acid value, which indicates hydrolytic rancidity, increased for both treatments, but showed no significant
difference between treatments over time. The change in peroxide levels in MTC was much less than in
MTQ. Tocopherol limited hydroperoxide formation effectively; however, in the last month, the peroxide
value for MTC was more than for MTQ. Anisidine value and hexanal concentration are the secondary
products of oxidation and showed no significant differences between two treatments. Sensory scores for
the two treatments decreased similarly over the course of the shelf life. These results indicate that
tocopherol produced no flavor interaction with other compounds in emulsion and showed no adverse
effects on sensory characteristics.

Conclusions: It can be concluded overall that tocopherol as a natural antioxidant was able to control oil
phase oxidation in mayonnaise effectively and can be good substitute for TBHQ in mayonnaise.

Keywords: Tocopherol, TBHQ, Mayonnaise, Oxidation
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