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Abstract

During preparation and food processing, various undesirable compounds are formed that have
different biological and toxic effects and are potential hazards to human health. One of these
compounds that is created during heat treatment of vegetables and animal oils and fats. The aim
of this study was to review acrolein formation mechanisms in foods, its metabolism and impact
on health. Literature search was performed in English and Persian keywords in different
databases without any limitation in time. 100 articles were obtained and finally 66 articles were
reviewed. The results of this article showed that there are different mechanisms for acrolein
formation that depends on temperature and type of food. Most of acrolein detection methods are
based on derivatization by 2,4-dinitro phenyl hydrazine and measurement by HPLC and GC.
Studies have shown that acrolein has a critical rolein generation of inflammation in the
respiratory system, Alzheimer, multiple sclerosis, artherosclerotic diseases and immune system
suppression. Since most of the studies have been carried out regarding of its toxicity in animal
models, more reliable data is needed to assess the risk of human exposure.

Keywords: Acrolein, Thermal processing, Fat, Amino acid, Analysis methods.

J ClinExc 2015; 4(Special Issue): 175-189 (Persian).

175


https://ce.mazums.ac.ir/article-1-229-en.html

51912
A - las al s

oo}y - ibjesT
(175-189)0)imn G acjs j) BE ioy) asl ofyg @)les )93

ot $9) i f Gl pil § guilad 2190 Ji Gued § T Juuluiad
? et )30 3 epnye Angass B3 d o) g cine o Oleadss e
4 =\
S5 s 5 o DA S 3 e S S3date sllasl DS 5 (g ME sl T AL 5 (giluesleT Uik s
B Dl e 538 SLS 551 S s e alis 0Ll oD (6l (6 ks Ol gisa 5 anils O 5 il
o) 3l O e O 3 s e SIS s & a5y ST g8 JSi5 LS Gl s o)
S5 0T ped e ¢ gle slse 53 s ST S8 (SlapuslSs 3550 )3 35250 Sl (6550 canlllas
5 ol 5 sl (slae3l ST L SNl slaoll 55 priea (ldits 5L ghateds .ol My iy ST

by Bl o jnin o8 Wl 66 sl Ve cpl o SldeT s 4 Wlas 100 5 0 5 oy g Gloj Cu s gudoms O3k

Sl ool ool i 487 515 0L (5550 lin ol gl XD 8 3 gy r g0 Azl anlllan 350 e
IR g5 3 les Olpn gl 3lse 55 OT S5 e 5 3505 35 oo slge 53 o0 ST LS
‘_;ﬁfa)'\.\.;l)aj\J.\.:.aJ:.:jL::J‘_;:_452.L:JL:6?\.:.;]3L.‘_;j\.w‘;:..‘mJﬁwcdnﬂjjfT&budqu);.&\.:)\:
sl 53 O 2& e dasilis ged 55 iy ST Ogllaal I 31 5550 53 0kl plasil Dlallls .ol GC s HPLC L
PESPRG YOO S P P PO B LR PN L W PO | PN = S PG Pl [N P P PP
DA Sb s gy D3 ool 0k el A2 LeST DUl 53 Slalllas Ll Sl 4 a5 b bl 0 Oy
k 355 p el DLl (5,5 o shhael

1SS o3 (sla gy ol gaT ¢ ¢ ol A T3 el ST i gls” slavo 3l

4oRo

[ Downloaded from ce.mazums.ac.ir on 2025-10-22 ]

el s ST s o JS2 Y o b slalds
glild Jos SNl o 5y ST L Jys 2
GBI sls 53 Sl By sladslT o5 8 & Glecs
U513 sl 5 Jlazal JB 5 6550 mbe Sy son
S ol 88°C s a5 525°C i eabi
1839 Jlo 53 (Dssie J- ST 3 obie
Sl aps ) Jelb Jse=. Berzelius
0T 5350 plolis WlT &K Olgieas 1) el
s ACrid o35 5 oS 5 4 5,8 8L s ST

Bl 25,5 lims 4 Oleum 5 45 (5 5 (Slins

5 GolwesleT s eslitulsyge Cabibes ladlT 3

Se csiml ORI Case olde esle 1S
I 5 bl s Sn 031 0 ) 5 (g oS
Db s st @M ol Sl e
S A sl J g 53 SLS 5 c._",..»\oiujil:
0339 50 Slala s Ll Codlu o llaels Sl
03 CS el el bl rse (olde el
GanTp dob 53 & wmes oled gl ST
NS s Fy e sl s il

oy 94 alds el Q)‘J,’- O 0 ny @'L.:sj

dph (S psde o&ails ( glde gl s 4ds ol PRCEH AR gl s 4l Dlidos il g il Dlidss a8 (gl b g psle 555 gamtila ]

Ol g (st

I PRPEPRE PR RE E SN TR (e w5 0155 o sle suSils ¢ b mlio 5 0l Dliked szl glE mlo y psle 0s 8 skl 2

E-mail: nkhorshidian85@gmail.com

e gl 5 4l Sl gl o le Gumis;”m&.;u Oy 1 gt 0 5

1394/10/10: 5 &y st 1394/10/9: DSl g gl 1304/7130: 23t 5> o J6™

1394 30 «ab o129 «@)los 2)0s W0 Qs das 176


https://ce.mazums.ac.ir/article-1-229-en.html

[ Downloaded from ce.mazums.ac.ir on 2025-10-22 ]

51912

ulilSem g gliayijgs

2 oAl 5 e 51 04568 mb Al
s S o sl S a3 S 5o e
L.(10)355 o0 OLl Ok 53 (gadaze Slag e sl
Oljen b 3 0k o Salde s mn 055 Sl s 4 5
ol Sl 4 gy OB S o pme o 3 YU
52 0T S8 GlapuslSe glalid 5 gy o2l oo
IS5 s gbaely sluls 4 Llg o olde 3l s
dlie opl 5 ks WS SI0e slge yo ol ST
Age 52 G ST JSE e sz 4 S
Cadls p OT sllanl G550 S 1 (50 5 25

Ll e.\.‘b&‘sﬁ

G 5995
OF 5 & i plil Go5pp sy 4 adllas ol
03 e b 3l OVl 5 Sledbl SJ,TC,_-
JSI web of knowledge Sciencedirect ‘_;Laalf\lbv
5 Google Scholar 4 PubMed Scopus Springer
O3k 5 oSS OL5 4 35doms Lad e S ioean
Thermal (glae3lsdS™ 5 eslazul L 5 Oloy o3 gdoes
Amino Acid (Carbohydrate (Lipid Processing
Syse 45 2285 Oyse Measurement (Acrolein
SID (Magiran slaelll ;5 st ¢ oyt Yl
(o ol duT s slasjlsuds Loy Irandoc
el (S eIl Sl by 5 el gial (D S
L ‘5”TC“’~' 1960-2015 Jlw | Jlie 100 o lgs s . i
350 prisn bS5 bl 53 5755 Jis s &S
3y90 5 0dd bl Ws g ia g Ooldal 5 s g anllls
3 ot DVl wlie Caygh B S 15 g
i Sulgiys 5 88 I3 e 3550 s by

ey 86 4 L5125 50 DY e

L asl
L8 dlge 4 wﬂj;TJﬁSZS

1960 adsl gladle 51 o1de sl e 5o oy ST LS
Gaui &G 53 s ST 3 S Glj ks IS

AT | ST a3l oodame bl iy ST
5 TS ST ey 52 s lT kst el T
3 ol e 3 esle pl (@)l JTLOI2. 5,
Ll gme plie 5 ol 5 gled SLS S
S5 eslimal sy LSy dAleSL ST
sy o ) 5 AS T Olgea 5y ST (8)3,8
Nyl oS ¢S 6\.&6;3 ‘gsz sbaable js Sl
i 2 e spse S w5 B s gl
(S dle o dile JT 1o 51 (6ol a3l i g
A A e R
ol s a3 Hlp S S Dsen s 25 e
SLS 5 g kel SIS Olssa oy ST ez
oS5 el (B)asls sy Tsa 4 ediSTes T
Lol saT ( ALE 5 Sl sla oz s sdn sy S
S mSy sd J:g.:..? 5o Syl dsb e
Sl Olybas Jols OT K55 53 1855 slass
N PN S TR TSRV~ S Py g
w5 S L O Sl O plST
el S5 s oiae e T sland S
05 g slsl) (e e 51 ok b3 035 ST
dsb 53 )3 LS 5L (03 S5 om i (NS
Y slales 53 Slam 5 ALS oz S0l les
Sl s J oKl 5 sy (125005 s
C=0 Js»S o35 5 C=C a€s &b (58T
Lol s CCC0 €355 v po
IS s s ST (Bt OT s, S
Joe ol el pLsl e Gond T o > 5 S
Gd S b 28Ty Gl @b sbe (oSS
Jds 4 syls bysg, s DNA wsle s fb 0S5
os ST Sl dsles 5 U o T s 0T YL o
G ST (S o e S lis S lie
o onti s 3 Shas 5 Nl 3o b 51 555 o Sl )

ed g pl b peiis 043 S 5 dewsa; DNA

! Retro-aldole

177 1394 b el a)ag @)les 2)0s

W0 s das


https://ce.mazums.ac.ir/article-1-229-en.html

[ Downloaded from ce.mazums.ac.ir on 2025-10-22 ]

oV O3l g (315 slgs )y oallg)ST Jasins

Cope 035 e LT b (Shs sloss,
ol 4 S

odels S s s ST g B sl
300 Gl 43 S Sl & w9 A slagg,
Lo o Sl el 2 Sde 4 oS Sl 4o
120 s e.\.‘bJ:g.i; s ST ,slae (30)555 o0 th.i..?
08 e 58 01> ST 25, 55 sy 4 3l p 5
104 0508y 53 5 o8 ke 88 dmS s, 3
B sl 53 s s 5y ST e g 05 e
240°C gles 3 eds Sl D3 e 343}.«3
Gl 53 &S D)5 ey, s o S b 3l 583 mg/m?
b o ey Syl Cele 2 Sue 4 180°C
Sl 5o 5y ST.(80) i sdalive s ST
2 S (055 5 swaiphsl 0ls KT (D)3 oés))
BE oy B8 5 Gl T o
52 s ST S5 o das 0 O s (pl (314
S S Sl sl g .l VL (gles a3l baye s
5303 03l GMe e 53 s STosms 5 e
s STl b iS Cile 3l eslizal s 4 Y gens
o LTl ol Sl Jpame &
Jekiag M Shig Gbdsel w3 oSl
S e edd 6, S ekl s ST ldie (O
s ST Ol b oawlie )5 (32)55 005 mg/ml
o ST Ol el S T3 1 s o JSSis
oslimal s a b ol Ojgon glde Slge 53 39> 50
e 0 Sl a2l

OLKea 5 Andreu-Sevilla Lw 5 ois plowil anlllas )
s S Ok b by g5 A
453 240 5180 (slos 5 30 3 HL. RE b‘éjigl:é'f
Sie g edd ools Syl Cele 10 s 4 31 8 Sle
Gk 38 S S sles S dwsny oI5 ST Wy
b ols ST S Jlae b () o (e

55 0T Jldie ok 5 Sl BlHl Ly il

3, Headspace
4, Extra Virgin Olive Oil

o> jail g pB L e ) edeTlss
s ol h Sk ST & bg e Slallas s (10)
DS 53 sgmae Sl slse s 5k ol s ST
QT 5 e (12) s sl (,S1 s 5) Concord
Wl il ods (65513 olde lge 3 s ST
5 ()os 54w &S 3 ci S (13) S oDl
G ST ey a8 21 (B s mshd alo
NSl o1IE slge 53 15 sle,T Ol ges
SR ol sl Oljen a5 (16)s
S el b s Calides ladl gueT 51 iy ST
Slge o513 5 oslinal 3y glacd S5 5E Ll 2
(Nas 5,8 (100 °C gles 5 2 PH) lie
(Oosin Sadeal goaT Osralials 5 05 5 S
Sl 53 Lot 5 pfegan (e ses
Sladlas 1970 sladle 51 (17)L,ls 25 s ST
2 b oSl sl S5 L Lol 55 (g3dae
ol g Jold 5 Ve 2S5 s 3l enlil b sy
Je Glapnn cameziys (18) w g plosil A3
(ot L dile s oS (ol ol 5,0 2S5
WJabe 0)eSLpT Gl (1918, 8
G o (2 e i (1) ST
ssbea (24) s (D53 ey s (28) S
238 15 eslizal 3 g0 ay gab LS8 o)
(kg2 S edias 1Sy Ol gea eslinul 540 3l ge Ols
T SeoeBl G D)3 G,y Wl alans)
OS5 S 4 e g 5 BB sk oS 5 58
S iy el posde (25) L iy ST ahas 5141
S 55T 5 Gros 035 ¢ Aile Liny Jyons
S 58 o oAl ST USE & e 15005 22 b
Er b 03 Jie Olsea (26-28)555 0 158 5l
(e Gl Db 6 me le 16 Aol s 05 S
(29) sl 0t Lz 2/5-30mg/m® O e 4 ptls ST

23 o ST S ol b Bl 5o (sadans Slalllas

2, Cystathionine

1394 ju0 sl o139 @)les 2)0>

G a5 alae 178


https://ce.mazums.ac.ir/article-1-229-en.html

[ Downloaded from ce.mazums.ac.ir on 2025-10-22 ]

51912

ulilSem g gliayijgs

(405 10 51 2S)0ls ST o5y 5 i s
O3 Lls s 4 s el oS il e
st Y game W YU (slos 55 66 55 slakisy
S 5 bS5 5 5den s Jod 1 O gl
OLs @SS 5 4 L oS bl ) bS5 )
.(35)::;@ JS.:J s ST 0T

IS O Kes 5 Shibata Law 5 ods plowit anlllas s
G138 (g 5 O gl ST 51 351 s iy ST
P30 CBS N g 35 e o slad
Lo ) 5 OB Ldy ey L3588 ey e 2l
sl I G Wl esls &yl = B0-60°C (gles s
e I p N pame W5y L L
34 g0 ‘5bdjmlf&:wT<5j S sl olis @Lﬁ Y
325 DI 1) 58S ol o VL L o5 5o
5 0L 8 ks, OS LA eas 0T I my
23 s ST Hdie oy i cAzils I3 sl E,
&S Olgen 5 0T U5 5 b okt b 25,
A3 (Al sy qanb sl I8 ST S 5
(36)s S

IO S0 33 pilg 5T Sl (Sl puaslo
JEsme & ol Cigste Sl 4o 2S5 (b o
s ST 4 s Ol 155 Jbga 553 8 o
b S, s ol el 03530 L 28Ty nl 358 00
bl 5T ol by 6l o St ST 05550
@ ol s oy ST S sl S S
GLlis a5 0sls ol (1 ejled JSK8) dizus
Gldbuly S8 Cxp Shdan S sl
PSS LS Lo o 55k n b Sloka s S
Ol sieas dins o SEST5 el 50T L L 5,8 o )3
S e go Sl S S S 05l Syl Jlie
Gk 3 A e s feSarka o8 B,
055 (S 35k B slmsl o go 4 33,5 O gl ks
s ST eaas LS Sleie ol T
Gk 314 53 Kay S abalga O gl (S 5k

O1s T 2, 5 5058 ol sy SULS D508,
4,180 (gles ;5 81/5 454/5 36/7 mg h/L s 5 &
20 cls ;5 168/5 5 84 96/6 mg h/L 5 51 & slw
(33)35 31 F sl ax 3

VPl O3 b slagka, 5o o ST 1SS
2 i 03,5 sk o3 b5 0l KT
Sy slaw .55 15wy p 35 110°C les
S ol Ol bl g as e 4 5 s, e ) eolinal
Looddig o gl gonfiam 53 s ST yldie Low s
I b s (b Y )3 Ol KT )
1/44 ng/g 5 1/93 ng/g 3/73 ng/g 4/08 ng/g 3/25 ng/g
ssba b s 53 s ST e pl pesdle 3y
b sy S onlizal Slabs sldws Lol b g 5 5
23 S 7S Slsm By SR (fejm 5L alS
b G55 S oo o 3 L Ol BT L 4y lis
L OT e o8 5505 gLl 0 (gladead (345 5l
Lo ofas 03 JopmdS Jldie cdas o J2alS 1ie buyg
(3 G s Al SRS eslind Slbs 23
(38)355 g0 7S 55 pils ST LS5 lukin

Sy A 5o ol ST S (o K5 adlls
oo YU Sl Lo KT 2y, wile alE
23 b GEas 5 ma s SEa IS B Sy
s> 480 e 4 180°C clos 3 s Syl b
SIS pls S ey b GBS slas T Lag
05 G ST e o phy Ab ey mlo 5E
3 TR eGP 2 MR o peS 5N Es)
O ot (soniims il o S5 013 KT 25,
s sdaline S lags, s s ST 5 Slsd
© i 480 Gl e Do By 5o oty STl
3 A o g JIST B, 53w, 1870 ppm
L .55 210 5300 830 (1130 ppm s ;5 4 Ols,SoksT
5180 & 518 mle a5 150 1 Sl o ax s il B
S e 2L a5l s ST liie 220°C s
Glsmme s @B s 5o s ST e o i
E 35 b lie 3 (1053 58) 0T ol &S -0 (VL

179 1394 b el a)ag @)les 2)0s

W0 s das


https://ce.mazums.ac.ir/article-1-229-en.html

[ Downloaded from ce.mazums.ac.ir on 2025-10-22 ]

oV O3l g (35 slgs )y oallg)ST Jasins

Strecker degradation

NH> 2H

! .
(a) CHsz-S-CHCH,CHCOOH CH3-5

Methionine

Methional

S el 4 s STy 3 b 51 o ste 51 U sie 025 () 11 0l C&

- CHLCHCCOOH

NH H
Il
CH3- S - CHCH,CHO

NH3 + CO»

CH=CH-CHO + CH3z-SH

C
L Acrolein

s ST IS 5 b 551 4525 1(D)

Methional

Lol b s Sl Gl e s G ST Lol sl (37335 JslT 45, STy
U3 8 O gl yitms 51 s ST o8 ol s slgaty (37) Al o Cilibun O 5 gladinl 1 JSCtze slass S 6 5
ST S ol gl st o JS5 8 on 513 VL s 2 me 53 Sl b AUS Sl T S
Cous by oS5 51 s ST S5 (5 edlSa iz Ols ST 5 045 (sniplsl o3 dsle ol

.:ﬁjeML&AZQJL&JQJJéJ‘F.U{T}

R.COOH

Reactive oxygen species

Fatty acids
n=1,20r3

I
CH-O - C - Ry
o
I i + 3HO +
CHC: -GBS e <
I o Hydrolysis
n
CH,O - C - R3
CH, - OH
CH - OH
CHy - OH
\Gly:erol

Oxidative degradation

Alkanes

Alkenes

Alkynes

Aldehydes (acrolein)
Ketones

Alcohols

Carboxylic acids

Esters
Alkylcyclic compounds
Furans
CHgz 'ﬁHz
I
C —_— C
Il
CH - OH CHO

Acrolein

s ST alaz 4 56 OV guamee |5 5 baend 55108 0 525 b )l 452 12 0lod S

O ST G b Sl dms b sIlST 4 s ol OV e 45T AWl 5 dadlle b 51 iy ST ioen

— . 6. . 5 -
Sl 551 nST @ 25 1 sl o San 55 ST (38) s ool (S yomnn 33 ol S5 258 0 WSS 0 55,5 57 JllT
m‘j"55\5:UTJ\&::‘JMJ&A&J]aj";,.:ﬂj;TJg.ﬁJ.(‘lO):}i:l;ﬁ\kju-\iﬂ:lféjjséﬁ}ndbwgﬁ
ol 03,413 UL».&JQ.ZJ: W&A el (B80) 3,505 (6 i Jlez=t YL les 53 Syl el T 3 ;3 R-0 a5 04

Ll

i
Sl CHy+ CH, cH Re CH,
o o .
| I = RyCOO0s | I — R,COOs H - R3CO H H
% CH
CHO-C-R, — = CHO-C-R, CH | <|:H
o] | o
| ﬁ |5Ho g R : CH,-0e GHOY
CH;0-C-Ry i CH0-C- Ry : Acrolein
Triglyceride

bty oS5 5 51 s ST S 55T IGnly (53 oedlSKe 13 05l SISO

®. Aldol Condensation
€. Croton Condensation


https://ce.mazums.ac.ir/article-1-229-en.html

[ Downloaded from ce.mazums.ac.ir on 2025-10-22 ]

51912

ulilSem g gliapigs

s ke Sl San e ) 8
S i 15 sl ol ST S
SUpel 5t S ST 28Ty 51 oy ST
s slewl 180 gles > (190 ammonia mg/g)
bt sl 51 S 2l w2 53 aloay ST
5 oshgn STy 3ls Aol &SL ST 5 o 1SS

(83) s lai o D ST 5

L
&
¥
(©)
CH, - OH CH,
-2 H,0 Il
CH - OH CH
heat |
CH, - OH CHO
Glycerol Acrolein

Oa5ldes b 925 63 4 524 0T s 5 oty ST
960 cladle bisl 53 .(46)25 5 15 eslizuls g
SIS S by 8 Sl eslizal b oS 5 ol ook
SHPLC I eslizul gdm sladle 45 5 &3 8 &)y s
by s i e =S S Sl S
B RS SRR N S g IS PCY
slas j ols 5 sl els 4 slaslnl GC/MS
gl 5 GCIMS Sl oslizl s & &y 56 3
& olgse Ple B gl 5y s S s
Gl e @ 5l Ose 5y ST IUT Jsane )
5 T iy opl Sl eslimal b el eds s
5 @M sl 5 obe 53 5l ST S el
S 3 SN iR Gy Ml bgkay

(ATl 45 5 &y o 015 KT

© Ge-Ms
1 Head Space
12 HS/SPME/GC/MS

3 S il G 3 S Olpea s ST
@ g 25 I slse s e ST S5
3 o ST & Sby Jes Olssa (40-42)
(L 0313 Syl e 653180 °C (sl 3 S5 5eT
S ST p 5 a lil 4 Dl ST ¢ 5 L. 753
s ST 51 Ay ST S (oolgiig o (43) 12
] el 33 - il 0k 0013 QLS4 0 jleds K o
b 5 ok ST dleSh ST & 0y ST
S A ST 5 ssde 28Ty 0y ST

I
=0

ST 5 g S 3y b S aked 513l ST S Sl jrn (553 edlSa 14 03l SO

21O Slae 33 oy 5T WGT
3035 503 Sl |5 ol IS sl 05 ST SIUT
@ Sdsls 53 ol osdle Ll OT ) - 6
s 5T ol ol (d4)3505 OUS o ey 4 Jsles
ST et ol Saal b5 05 ST oS slie
S3pd lin Giie & a5 (ol ST S 2lae
503 Conall sl OT JIUT (Grin ags ) oy o2l
Sl 3 S el ol b6 s sls By ey
bale SIS 5lsS T35 50,8 58 bty
SBiss a8 SF e 5o W S
G ol o ki el T s (e
5 oesls STy ol S aua e b s ST
Jsb 55 8 Wl slml s S oS s =T
Wl s 31 (A5) et Lolis 6 e 55510 - po

9 L
SolwGin slp il Jebs 25 60 4 5 2 1950

T GC
8 HPLC
®, 2,4-dinitrophenylhydrazine


https://ce.mazums.ac.ir/article-1-229-en.html

[ Downloaded from ce.mazums.ac.ir on 2025-10-22 ]

oV O3l g (315 slgs )y oallg)ST Jasins

Ao atie Sl G4y p 48 8 Sypo Slallle s
Soidnid Dk cape o ST Sl &
5y S (s e G Jeld g 5 6
238 S s 3 S5 P s e
s s ST s S Sl oenls Ol Slallas
23 Sy 3l 53 55,55 5 (bl 3L Ol 5 b5 g
B S Sosen ol ST 0ol a5 s
Lot sn 3 odae Vb Camnd 55 55,5 5 Ol o 5
sy Ol Lokl oy b addlas & L(52) s S
OB MYKY O oo pir 5 g T s KSls o
Ui iS5 & G 5 s

(2) =1 0715 mg/kg
6F Jos S U G oty ST oS ol )
SLS 5L ST sl ook S5 Je ool
s RNA 5 DNA claysy, sl o glS s
(o okl slaos &L e ST
S5 ot 058 5 e dsilael 058
P gV P P PN 1P S R
LBl Jols Johe loun T 5o o585 50
S e 3 b 058 S80S ot o 5T
4 e o STLOT STy ol ol 5 als J gk
(5453)55 5 0 iz, 5> xS B Sl
O 93 35 e plin 53 ol Sees 5 ST iman
oS gl plie 3T 53 S I oolall G b
I Jels o8 GSH. s ST &55,5 S 5
sl D] iz 63550005 ASAT 5 L5500
» S0 el gl S Sl s S
Col SKan 55 bgyls 5 ew LS 5 —pe
5,Ses 55 Il eajse opl § ST (6,8 gl
w1 Sl il dmed N T LT 5T
(65) il oo PS5 g 55 S 5 0o 0 s o
4 e BOISL L dblie S 5 (g5lsn e plis
g 4 3shge O 3 dlab 058 slaw S A

15 Sensing Reactive Oxygen Species
16 Xenobiotic

95T el g2lin
et i bt Wl gm0 ST e e
S5 S5 S Sl e i o
ol g Lol - g5l w s OT JUs 4 5 Sl OT
Gib ) ekish s gl 4l G, IS
3P e Jus oS 3oa 35 frul N asle sl
iy S103,5 o g il S5 IS o i 2
ol San 35 ol S ST @ 55108 e e
MLL e 5y ST O gl i) 1255 ol
O5SE J5 s ) Sl (Son 55 AT S

ot (il T O3 g o

Ol ast 5 Ca b Bl 55 (s3dee sla il S
el cwl ed e s sy s ST
Sl 635 2 o9 ST Coaw b bl s Sl
S Oludl 48| o (sl 0kl S jaze s (gl 5 OT
3l 5ol Mg 5 S s il Gl s b
ST dm 0l 12,8 (0 )13 OT 2 e 3 gl
Condl s 55 il ST dowsa als Ls (glgn
Sborsy Kb big oz jl eiiee ssba 15l
2 e S Ll 5 el o sate
o STl posde 358 o S5 YU oyl ~
Sl sanTp S (S glagss) glsl o
e slge o ma oy 3l pl 535 8 e LS8 3
(50)3 5 g0 O 3,519 50
(Ciidee Slalllas )3 0s i, 8 ADI s NOEL 5l
I8 B Ol iy Sl Ol cal Ooglite
Sl a5 uglkg 1y Slas G b 5l oy ST sl s
5 ol 03505 S 3y A 3 Ok OJs p S S
Go b Sl eks 8L 55 Olee oy laes Bl 15T
Ol 055 0/0005 mg/kg (NOEL =0/05 _ulul s |5 Olas
(Bl) el 03,5

13 HPMA-3
14 CEMA

1394 jub «ab ohag «@)loa 0)0s G0 Qad daes 182


https://ce.mazums.ac.ir/article-1-229-en.html

[ Downloaded from ce.mazums.ac.ir on 2025-10-22 ]

51912

ulilSem g gliayijgs

53 o et Il sl a3 ST 0,8 e
DNA 5 55, ow o5 Juasl b 5 DNA ws,
0355 a3 DNA syl lain 51550 00
33 Sl S 45 0 O 45 O awls g0 Slow| o g0

(B A5l axsls 25 a0l ¢l slony]
S oty ST G lanl S Y IS
Fol &S Sl sl gl 0T G )
Loablee sbta ghs,0 5 el bbb ol
4 e 0t J ST 5 e e Dl i ST alai pie
Sosdaze g i)S af e WL 4 ando
05 0k 5 P e > IS s
s ST 6 Cos NFKB s Gy b 51 o s
A S sk 54 Dld ) & 5l s
A amme bS5 s ST (ome 50 38
2 #5 t WlF e 5 ST (623505 (Ko
NS S by s 5 b SL slals s lie
b NF-KB j2als alosas b3l Sl el b Sl
codins pliy Gy eaites O g DUSIT dlo s
s ST Ol 315 ojless K 53 . (6463) b Les Cans

-3 g on odalin Q.'.‘..:lv.:wﬂ

( N\

‘ Sl s oy ol
w85 Eky sl sl
NEKB, IL-8, COX-2, IL-1p ,
IL-6,TNF, IFNy, KC, MCP-1,
5-Lipoxygenase, LTB4, MMP

Y
‘ b e 5 gt

sl bl o5 ST 315 o led SO

NFKB, TNFa, IL-10, IFNy,
IL-2, GMCSF

Shls s ST s 73 Cgllasl SI 31 5 o
ook b o blie Jtle e S
oT@uw,@tMWam;M@.ﬁt
Ll mae bl bl coe Ll

1% Crosslinkage
2 Inflammatory signaling

el 5 alydn S clapes ot 4wl
5 ST s b bl (51358 o SIS 5
SIS ST Sl slls ‘_;uﬁﬂ 5 OS5 Ok
s S o Sl e 5 e STyl sy il
3035 ale GUSI ST (e a2 0581 dleb
s ST (B6) b las gr O 53 5SSl ozl sl
Va1 K Olssa o S Sl S5
Cguos OT odS5T s bl OpnldlST
ol sleul Sl esls Ol Oldlas b
5 sMeST ol e il ST Loy 5ilaS)
5 ok S e 9 DNA ¢ Jole clie 4 ado
s Wang asflas .(OVeoA) S oo Ll ) Jsko 55T
B J-1FRVc KWW o IRV [ S P - 1 SO
Sape e s Sy ST
Cowrsr 8 Sadsle 53 55T dbaalse b s
Olgsas 648 g USG5y » ouds ST .(59)5,05
3 el NS Johe kS 53 0SS A
Lo Lasie O Ser 5 SUN Lug ods plosil anllles
b s (10-100 pm slacble J:)‘;,.::Jj;T "y
Lle Jsho oS o 1) 55 2 S g AS
s Sbiakas Sagm dl5 1 SUS
ool Falal 3 Ghisaessl b S a
G35k iy (S g > Shee 3 I
5 SBiseals Al S lae T
4 Mo 5131 (5 L 3 U35, l,b fE 58
Olsiety Mool &5l 5 Sl ok skis aslylT
b oiVlssS Lo st b 3T ol sS6 S
5T 5 Shas 53 Il Cor e g 0 Juaie 5 ST

.(60)::;@
L Lol S S o ST o151 s (S
bl b ooy ST 2T, G b 5l « ol DNA

Sope S onsw DNA Slsle s 5

7 Lipoic acid
18 Adduct

183 1394 b sl s)ag «@)les 2)0s

W0 s das


https://ce.mazums.ac.ir/article-1-229-en.html

[ Downloaded from ce.mazums.ac.ir on 2025-10-22 ]

oV O3l g (315 slgs )y oallg)ST Jasins

A S GYsb ISl STul Sl Ol

busfmqlw\‘_;”juuu{\upﬂ):u;s;

.Q‘jg:)yd\)ééﬂbwbj@‘aw

S 5 dond
AP o ST OS5 00058 5 S s ST
Wl SELE w5 s ST .ol 198 53 352 0
393 (hd S s S GL«J i85 s
T S VS PRI K S PO POV FE L g L
2 s ST ST 550 53 K o pher
bl S e S 5 ) Bl Gy S
Ssp@j&d\qf@\dJJFJB
Sl Gl S bl Sl ST
dle) ol GAdnT 5 55 it Lol suins S5
Gk e pa e plpl 58 e S5 55 (i
2 55 by Glde O pae dbns S I Bliad
S5 2l o 5 5 0,8 01 s ST 6 e
b slalde oy p8n 55 Fomb slales S eslizal 0T
S ST 5558 53 eodas Oladlas .l YU o
DLl 3550 53 03154 Sliiond S5 Sl 43,8 O 50
3 s ST SR Cpend a4y g s Cudgdoee s 4
Lol 5 od Slube j ods S5 Lol LS 5
S s iy Al 0328 Ol
GRSl Hhteay cale GLI L el
23 et dled oo g 1y Sl Sladllas ¢ iy ST
Sie s b LIS 5o gladles 05S6 L 5aS
O shhls sblde a3 Oyl by s ST
A el 48 K5 5 50 OT g 15V o

g oo Mgy (63l 98 iz o) 2

gl s sn sl a5 B 8 fustle
YU 595 ST Ol SCI 5 MS & S Sl
3yl Slido b aitue Loyl oS Conl ol odaline
Sloply 3 Sdas 53 sl 5 Loy, slie 4 ol

(66 65)5,15 gy, 55

—x
o ST S8 Sla S 5 (555 ,0 pol anlllas
5 bar 3 pseta e 1R Sl o
Gloles sbul 5o 0T SISl 5 S lases,
IS5 o8 s e Ol Oldllas Ll 03y Cakiiee
5 hbi ORIB YL Gl 55 bapss 53 oty ST
SV slales 53 Jg S 3 pn 5 51V pamn 0T JSCi3
23 i o STl ol Lo gi o K25 230°C
Gl ol odias0lis o7 55 5 o LSt 50 180°C (sl
OT 5 joml s bes ol 53 oils ST K5 s &S
g O S a3 53T IS, JSKis ol
Ay YL by s oyl F i s (28)el RO
i 225 s 4 Yom) o7 545 00 2087 s ST
Y gl 5wl il ST lasle iy
o ST USE Sl Sy 8 byl T 5
O Gl ldie 4 oS Las e ey LSCES (Aizn
s ls Sow g b ks sl s plal e
L ) R L RS RV PPN VR
op o O (glads S JouTis 5 YU (sl 5 (il
23 (20358 o K5 6208 s ST ke 5 o
S sl cCad il ST Sl L bl
OT 53 DLl sl 5 (i s 2 10T el
s bosn b 28T S OF Sl ple 5 il o
prees Ll 0L (b glacens ;> DNA
(65) s i 4(62) o) s (59) 50 5
Slalllas oyl et S5 35500 Sk (B5) S LS o

S 5 Sl edd gl AT Sl s

2L Multiple sclerosis:MS
22 sCl

1394 ju0 sl o139 @)les 2)0>

b s adss 184


https://ce.mazums.ac.ir/article-1-229-en.html

[ Downloaded from ce.mazums.ac.ir on 2025-10-22 ]

51912

ulilSem g gliapijgs

References

10.

11.

12.

13.

14.

Shibamoto T, Bjeldanes L. Introduction
to food toxicology, 2" Ed. Burlington:
Academic Press, 2009.

Faroon O, Roney N, Taylor J, Ashizawa
A, Lumpkin MH, Plewak DJ. Acrolein
health effects. Toxicol. Ind. Health.
2008; 24(7): 447-490.

Moghe A, Ghare S, Lamoreau
B, Mohammad M, Barve S, McClain
C, Joshi-Barve S. Molecular
mechanisms of acrolein  toxicity:
relevance to human disease. Toxicol
Sci. 2015; 43(2): 242-255.

Izard C, Libermann C. Acrolein. Mutat.
Res. 1978, 47(2): 115-138.
Beauchamp, R. O., Jr., Andjelkovich, D.
A., Kligerman, A. D., Morgan, K. T,
Heck, H. D., A critical review of the
literature on acrolein toxicity. Crit. Rev.
Toxicol. 1985; 14(4), 309-380.

IARC  (International Agency for
Research on Cancer), Allyl compounds,
aldehydes, epoxide and peroxides, in
IARC Monograph on the Evaluation of
the Carcinogenic Risk of Chemicals to
Humans, Lyon. 1985; 36: 133 -161.
Umano K, Shibamoto T. Analysis of
acrolein from heated cooking oils and
beef fat. J. Agric. Food Chem.1987;
35(6): 909-912.

Burcham P. C, Kaminskas L. M, Tan D,
Pyke S. M. Carbonyl-scavenging drugs
& protection against carbonyl stress-
associated cell injury. Mini Rev. Med.
Chem. 2008; 8(4): 319-330

Kehrer J.P, Biswal S.S. The molecular
effects of acrolein. Toxicol Sci. 2000;
57(1): 6-15.

Witz G. Biological interactions of alpha,
beta-unsaturated aldehydes. Free Radic.
Biol. Med. 1989; 7(3): 333-349.

Stadler R.H, Lineback D.R. Process-
induced food toxicants: occurrence,
formation, mitigation, and health risks.
1st Ed. New Jersey: John Wiley & Sons,
2008.

Neudoerffer T.S, Sandler S. Detection
of an undesirable anomaly in Concord
grape by gas chromatography. J. Agric.
Food Chem. 1965; 13(6):584 — 588.
Talhout R, Opperhuizen A, van
Amsterdam JG. Sugars as tobacco
ingredient: Effects on mainstream
smoke  composition. Food.  Chem.
Toxicol. 2006; 44(11): 1789-1798.
Cantoni C, Bianchi M.A, Renon P,
Calcinardi C. Bacterial and chemical

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

alterations during souring in salted pork.
Atti. Soc. Ital. Sci. Vet. 1969; 23: 752 —
755.

Shinomura M, Yoshimatsu F,
Matsumoto F. Studies on cooked fish
odour of cooked horse mackerel. J
Home Econ Jpn. 1971; 22(2): 106 -
110.

Maier H.G. Sorption of volatile aroma
constituents by foods VII. Aliphatic
aldehydes. Z. Lebensm. Untersuchung
Forschung. 1973; 151(6): 384 — 386.
Alarcon R.A. Formation of acrolein
from various amino- acids and
polyamines under degradation at 100 °
C. Environ. Res. 1976; 12(3): 317 -
326.

Shibamoto T. Heterocyclic compounds
in browning and browning/nitrite model
systems: occurrence, formation
mechanisms, flavour characteristics and
mutagenic activity, in Instrumental
Analysis of Foods. New York:
Academic Press.1985; 229-278.

Rizzi G.P. Formation of N - alkyl - 2 -
acylpyrroles and aliphatic aldimines in
model nonenzymic browning reactions.
J. Agric. Food Chem. 1974; 22(2): 279 -
282.

Shibamoto T, Bernhard R.A. Formation
of heterocyclic compounds from the
reaction of L - rhamnose with ammonia.
J. Agric. Food Chem. 1978; 26(1): 183 -
187.

Shibamoto T, Nishimura O, Mihara S.
Mutagenicity of products obtained from
a maltol - ammonia browning model
system. J. Agric. Food Chem. 1981;
29(3):643-646.

Umano K, Shibamoto T. Analysis of
acrolein from heated cooking oils and
beef fat. J. Agric. Food Chem. 1978;
35(6): 909- 912.

Ohnishi 'S, Shibamoto T. Volatile
compounds from heated beef fat and
beef fat with glycine. J. Agric. Food
Chem. 1984; 32(5): 987-992.

Macku C, Shibamoto T. Headspace
volatile compounds formed from heated
corn oil and corn oil with glycine. J.
Agric. Food Chem. 1991; 39(7): 1265-
1269.

Shibamoto T.A. Role of lipids in the
formation of cooked flavor, in The
Contribution of Low and Nonvolatile
Materials to the Flavor of Foods (eds
W. Pickenhagen, C.T. Ho, AM.

185

1394 0l el a)ag «@)les 2)0>

W0 Gl alas


https://ce.mazums.ac.ir/article-1-229-en.html

[ Downloaded from ce.mazums.ac.ir on 2025-10-22 ]

oV O3l g (315 slgs )y oallg)ST Jasins

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Spanier), Illinois: Allured Pub. Corp.,
Carol Stream.1996; 183 — 192.
Beauchamp R, Andjelkovich D,
Klingerman A, Morgan K, Heck H.A.
critical review of the literature on
acrolein toxicity. CRC Crit. Rev.
Toxicol. 1985; 14(4): 309-380.
Hirayama T, Yamaguchi M, Nakata T,
Okumura M, Yamazaki T, Watanabe T,
Fukui S. Formation of acrolein by the
autooxidation of unsaturated fatty acid
methyl esters. Eisei Kagaku. 1985;
35(4): 303- 306.

Lane R, Smathers J. Monitoring
aldehyde production during frying by
reversed - phase liquid chromatography.
J. AOAC Int. 1991; 74(6): 957 — 960.
Kishi M. Effect of inhalation of the
vapour from heated edible oil of the
circulatory and respiratory systems in
rabbits. Shokuhin Eiseigaku Zasshi.
1975; 16(5): 318- 322.

Umano K, Dennis K.J, Shibamoto, T.
Analysis of free malondialdehyde in
photoirradiated corn oil and beef fat via
a pyrazole derivative. Lipids. 1988;
23(8): 811- 814.

Casell 1.G, Contursi M. Quantitative
analysis of acrolein in heated vegetable
oils by liquid chromatography with
pulsed electrochemical detection. J.
Agric. Food Chem. 2004; 52(19): 5816
-5821.

Szpak E. Acrolein in raw grain and
potato spirits from 1995/1996 season.
Przemysl Fermentacyjny | Owocowo —
Warzywny. 1997; 41(1): 16-18.
Andreu-Sevilla A.J, Hartmann A,
Burlo’F, Poguet N, Carbonell-
Barrachina AA. Health benefits of using
red palm oil in deep-frying potatoes:
Low acrolein emissions and high intake
of carotenoids. Food science and
technology international. 2009; 15(1):
15-22.

Moreira Osorio V and Lourdes Cardeal
Z. Determination of acrolein in french
fries by solid-phase microextraction gas
chromatography and mass spectrometry.
Journal  of  Chromatography  A.
2011; 1218(21): 3332-3336.

Endo Y, Hayashi C, Yamanaka T,
Takayose K, Yamaoka M, Tsuno T,
Nakajima S. Linolenic acid as the main
source of acrolein formed during
heating of vegetable oils. Journal of the
American Oil Chemists' Society. 2013;
90(7): 959-964.

Shibata A, Uemura M, Hosokawa M,
Miyashita K. Formation of Acrolein in

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

the Autoxidation of Triacylglycerols
with Different Fatty Acid
Compositions. Journal of the American
Oil Chemists' Society. 2015;92(1):1-10.
Gunstone F.D, Harwood J.L, Padley
F.B. The Lipid Handbook, New York:
Chapman & Hall, 1986.

Fishbein L. Pesticidal. industrial, food
additive and drug mutagens, in
Mutagenic Effects of Environmental
Contaminants (eds H.E. Sutton, M.
Harris). New York: Academic Press;
1972; 129- 170.

Frankel E.N. Volatile lipid oxidation
products. Prog. Lipid Res. 1982; 22(1):
1-33.

Stevens J.F, Maier C. Acrolein:
Sources, metabolism, and biomolecular
interactions relevant to human health
and disease. Mol. Nutr. Food Res. 2008;
52(1): 7- 25.

Yaylayan V.A, Stadler R.H. Acrylamide
formation in food: a mechanistic
perspective. J. AOAC Int. 2005; 88(1);
262 - 267.

Ehling S, Hengel M, Shibamoto T.
Formation of acrylamide from lipids.
Adv. Exp. Medicine Biol. 2005; 561:
223- 233.

Taeymans D, Wood J, Ashby P, Blank
I, S tuder A, Stadler R. A review of
acrylamide: an industry perspective on
research, analysis, formation, and
control. Crit. Rev. Food Sci. Nutr. 2004;
44(5): 323- 347.

Yasuhara A, Tanaka Y, Hengel M,
Shibamoto T. Gas chromatographic
investigation of acrylamide formation in
browning model systems. J. Agric. Food
Chem. 2003; 51(41): 3999- 4003.

Hess L.G, Kurtz A.N, Stanton D.B.
Acrolein and derivatives. In Kirk-
Othmer, Encyclopedia of Chemical
Technology, 1978, 3rd ed., Vol. 1 (ed.
H.F. Mark), John Wiley & Sons, Inc.,
New York, 277- 290.

Alarcon R.A. Fluorometric
determination of acrolein and related
compounds with maminophenol Anal
Chem. 1968; 40(11): 1704- 1708.
Shriner R.L, Hermann C.K.F, Morrill
T.C, Curtin D.Y, Fuson R.C. The
Systematic Identification of Organic
Compounds, 7th edn New York: John
Wiley & Sons, Inc, 1997.

El - Ghorab, AH, Fujioka K,
Shibamoto T. Determination  of
acrylamide formed in asparagine/D -
glucose Maillard model systems by
using gas chromatography  with

1394 ju0 sl o139 @)les 2)0>

LWL e’ alas 186


https://ce.mazums.ac.ir/article-1-229-en.html

[ Downloaded from ce.mazums.ac.ir on 2025-10-22 ]

51912

ulilSem g gliayijgs

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

headspace solid - phase microextraction.
J. AOAC Int. 2006; 89(1): 149-153.
Kaye C. M. Biosynthesis of
mercapturic acids from allyl alcohol,
allyl esters  and acrolein. The
Biochemical journal. 1973; 134(4):
1093-1101.

Linhart 1, Frantik E, Vodickova
L, Vosmanska. Biotransformation of
acrolein  in  rat:  excretion of
mercapturic acids after inhalation
and intraperitoneal injection.
Toxicology and applied pharmacology.
1996; 136(1): 155-160.

Abraham K. Andres S. Palavinskas R.
Toxicology and risk assessment of
acrolein in food. Mol Nut Food Res.
2011; 55(9): 1277-1290.

Weber - Tschopp A, Fischer T, Gierer
R, Grandjean E. Experimental irritating
effects of acrolein on man . Int. Arch.
Occup.  Environ. Health. 1977;
40(2):117- 130.

Pizzimenti S, Ciamporcero E, Daga M,
Pettazzoni P, Arcaro A, Cetrangolo G,
et al. Interaction of aldehydes derived
from lipid peroxidation and membrane
proteins. Front. Physiol. 2013; 4: 242.
Zarkovic N, Cipak A, Jaganjac M,
Borovic S, and Zarkovic K.
Pathophysiological relevance of
aldehydic protein  modifications. J.
Proteomics. 2013; 92: 239-247.

Bui, L.C, Manaa A, Xu X, Duval R,
Busi F, Dupret J.M, et al. Acrolein, an
alpha, beta-unsaturated aldehyde,
irreversibly inhibits the acetylation of
aromatic amine xenobiotics by human
Natl. Drug Metab. Dispos. 2013; 4(7)1:
1300-1305.

Birben E, Sahiner U.M, Sackesen C,
Erzurum S, Kalayci O. Oxidative stress
and antioxidant defense. World Allergy
Organ. J. 2012; 5(1): 9-19.

Adams J.D, Klaidman L.K. Acrolein-
induced oxygen radical formation. Free
Radic. Biol. Med. 1993; 15(2): 187-
193.

Uchida K, Kanematsu M, Morimitsu Y,
Osawa T, Noguchi N, Niki E. Acrolein
is a product of lipid peroxidation

59.

60.

61.

62.

63.

64.

65.

66.

reaction. Formation of free acrolein and
its conjugate with lysine residues in
oxidized low density lipoproteins. J.
Biol. Chem. 1998; 273(26): 16058-
16066.

Wang L, Sun Y, Asahi M, Otsu K.
Acrolein, an environmental toxin,
induces cardiomyocyte apoptosis via
elevated intracellular calcium and free
radicals. Cell Biochem. Biophys. 2011;
6(1)1: 131-136.

Sun'Y, Ito S, Nishio N, Tanaka Y, Chen
N, Isobe K.I. Acrolein induced both
pulmonary inflammation and the death
of lung epithelial cells. Toxicol. Lett.
2014; 229(2):384-392.

Tang M.S, Wang H.T, Hu Y, Chen
W.S, Akao M, Feng Z, Hu W. Acrolein
induced DNA damage, mutagenicity
and effect on DNA repair. Mol. Nutr.
Food Res. 2011; 55(9): 1291-1300.
Yadav U.C. and Ramana, K. V.
Regulation of  NF-kappaB-induced
inflammatory  signaling by lipid
peroxidationderived aldehydes. Oxid.
Med. Cell. Longev. 2013: 690545.
Kirkham P. A, Spooner G, Rahman |1,
Rossi A. G. Macrophage phagocytosis
of apoptotic neutrophils is compromised
by matrix proteins modified by cigarette
smoke and lipid peroxidation products.
Biochem. Biophys. Res. Commun.
2004; 318(1): 32-37.

Lambert C, McCue J, Portas M, Ouyang
Y, Li J, Rosano T. G, Lazis A, and
Freed, B. M. Acrolein in cigarette
smoke inhibits T-cell responses. J.
Allergy Clin. Immunol. 2005; 116(4):
916-922.

Leung G, Sun W, Zheng L, Brookes S,
Tully M, and Shi R. Anti-acrolein
treatment improves behavioral outcome
and alleviates myelin damage in
experimental autoimmune
encephalomyelitis mouse.
Neuroscience. 2011; 173: 150-155.

Shi Y, Sun W, McBride J. J, Cheng J.
X, and Shi R. Acrolein induces myelin
damage in mammalian spinal cord. J.
Neurochem. 2011; 117(3): 554-564.

187 1394 b el a)3g «0)len 2)9s

W0 (lad das


https://ce.mazums.ac.ir/article-1-229-en.html

[ Downloaded from ce.mazums.ac.ir on 2025-10-22 ]

oV O3l g (315 slgs )y oallg)ST Jasins

Y5

Sl 0 p 5SS o 13l p 85 Sn ki Glos Gy b ) s ST il o 8 01
4 ()

6/5 (<

05 (¢

10 (s

93,8 0 oo losle s L OT (6,8 051l 5 plolis ) latany 2y ST (g5l 52202
WIS feils (ol

ordloden s micss -4 2 (<

LIS Jo S oS e J535 555879 (2

Slag poemy (5

il o s ST LSS s 53,150 51 SGplaS™-3

bty o (6 5 ST 4 s (I

oI5 ST & gt 0 el (o

YT pdons b o e i Tl 2815(

< sl (s

2,0 28 5y ST LS 55 05 ameT (sladkead ¢§,_(.u§—4

o se (1

(o

oVT s (s

Sl i 5 sl sy 5 SQplS 5o 0y ST S5 Jlez1-5

by 5, (1

15 25 (o

S ot s (o

T e (o

S o | IV e i 3 8 0 sl 5T 51 &SKplaS” b 1 ol ST-6
365550 ST ()

3 el 5 el N T o T (0

3astasSlss (2

:Jl)ﬂw(:

1394 30l aeb ohg e)lea 2100 G a3 ane 188


https://ce.mazums.ac.ir/article-1-229-en.html

[ Downloaded from ce.mazums.ac.ir on 2025-10-22 ]

51912

ulilSem g gliayijgs

Sl gy 5 oz 93 oels ST S8 S2alS” Juls oy 5 Aol el ploS™=T
Lo (!

b es(o

PH (¢

2 Ol ol (s

§ sl a8 55 ol 5l 5a ) &n(.t.\sﬁ o5 ST sluls Jla>1-8

N Sl eddag Sid g (Ll

sk o sn s (<

Al ossoa(z

Loy (5

Sl oS MS (g by bl 3 ol ST 5 e -9

S3askas DL 5 a0 5T e s IBlel ()l

DNA laazs 53 o ,e Jlasl sl (o

O (g e 3 S| (C

b cnbos st b @ asdo (o

ol S AS 2 Il p 8 hor i 5 ST Lo 5 (S (6ol ) o T o 50L =10
0/3 (i

0/5 (<

0/004 (-

0/15 (s

189

1394 b sl a)1g «@)les 0)0> W0 QS das


https://ce.mazums.ac.ir/article-1-229-en.html
http://www.tcpdf.org

