[ Downloaded from nsft.sbmu.ac.ir on 2025-07-05 ]

oln! 2188 gles g 4345 pgle aloro
109-120 wixiuo 1396 Ly L o jlouis (p53190 Jlw

30 09y wda s g sl b )5 JuSld 1 6 S gl 50 (guwiglS g uus sla gy 5]

4 . . 3/. . 2.. 1 | |
emi?wﬂp‘;)ﬁwm‘@pmwjfw)

Ol ilsal s lisjos ealy (orerle e 5 (55,88 olRtils (13 mlio 5 ple bl (it S gl 2ils -1
hojjati @ramin.ac.ir | Ssg zSIl o (ylpl lsal clinom caely (ords gilin g (55,5LiS olKils (03¢ gulio g pole 09,5 [Lotils | Jghus ot 5 =2
Il iyl cmpke oy oSl ((63y9liS 0uSails « SIAE lio g psle 093 oliwl -3

Il leal linon asly (gals qulio 5 (55psleS olils ¢ plié wlio 5 psle 05,5 jLudls -4

95/9/4 i 0,6 95/5/19 1l o b

° -

P g ez 058 o0 Bl atulis g9l 2LS Loce b glalic 59 Boes 45 ol bl Gl 150l o sloole auel s ST B0 g dislw
210, 5 Glaz 50 Gz YL Brae 4 4z baaiyls old8 Sl plo & o 1) ael b ST (e (o0 iy iy (i
oz OO o oo 5 Sl b ST St GhalS jo an slacaias gy Jemily (o) Bt ool 5l B olle slalid 4 po e

2Bl oo (S jre

KW 1/5 51 05 cale aw )o) o yidg saSslS g e (lgic 4 ge xeo g Ligu ol )8 Jelore sl L gy gdlgo
o o> STy g b oS5,y Sl () Cda agb, A1 el ST LSaS liee p (4304 52 (5 0abgd oy 90 5
o Sz 3l ST (6550l czr (5 (315 5leg S olKiws 5 sl 51 L 2l sl by 08 (o) 00y (e s

0 418 15 (e

S ypalogt b 4l lojen yobo 4 o gy e 5l g GRIP! ez Cush (s y9abot o) g laadslSgjue cldale 21331 L el
LS o i s 4 g ppabgt oy g a0 1S clle b e deo g bgw T 50 Jslme 0 )la y Jslne 58 (e joms
1 Jaloe 0,5l s Lawgs (o8, i (1alS (e (s b 20 44152 5 (LalS” fiee 0 5VL) TII94 (5 44 el ST
o 00D gy Slgo (yuiored 0l oddlice b po (39 wlul pas e 53/01 Oliee 4 (4854 ole g asye 1/5 chale )a) L g

LD G 00 9 5 ezl (cax Sla g S5m0 9 () slaaatli g 05 I

4 Sp> SusslS e e iy Jlosl lgiige canel ST JuSts 2l oains udsy Slge Jlo sian 58l 4 4255 L 16 o domald
oz 0 Oy 232 g Sl b ST SCas pals caa canlie (o) Glyie w1y 50,8 F a5l S b ©f 5o Jolome ay )L b o
8,5 )0 (e

s Eeo g O 5o Jolme )l s (B 03,5 & vl B L gl Sl gulS QT3

oo @

20f olse la S (S deme el o > slals,
ol 2900 (oam Sloogas 5 ) el 23l (9zeen
b ols Si an b8 anld ol ecss g5 e ol
5 0ls=2 (Jsilagna kS aile o DS 5 5l (gloo S

CHHSNO 5 SIse Jyo, L gl apol o, (el s

(2 05y 9 (SN S 50 S b3 slaams o

Sl 00 ).H.....u W) C).w G)L.\.C 0‘5.0 aQ ulf..\.uS..LJB.' 4_‘>9.'
Yl_' 61_‘:\) o ‘53.1..'\_{: 6ooLo GQOQ)‘P o)'jfo‘ as 6)5-‘" aQ
Clas 4 oud anld ol ol wdg sl 4 gl (o3,
Sl ot 5 Syl aulp az S1(1) sl
Elsl 51 S Oloe 4 003,55 Sel (2138 390 (5500


https://nsft.sbmu.ac.ir/article-1-2283-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-05 ]

OSan g ol asly o ca5elS 0 gla sy ]

110

P2 40 00 DE y (s by dlne) )0 (LA
St by o 50 Jolme 0, Slo s 0568 000 b G
Gaa b o ol ol 408,55 & g0 ol s ,ST talS
()8 hg i) (e oo 33slSg 00 £95 99 51 pm)
SV 9 (SO Ggeadgal i3l Il (SN
B Gl alex 5l e josn e sla SRy 2 (17)
5 S5 {69 5) b wagb ) Bl (pdg; iz el s ST
s ol oo

Wigy g olge @

Gl Sl e (0, lailiwl g (o1 Lo S1go
(QLQ.é_,aI O, adlate b ST o0l oy 0o ay)lg) oo
68 (s cusb) 5 ol 5 il 4> s 21 sles &yl e
by ls) (S50 5E s Shss o 30l (504K doyo
sl (Y5 5 tly) oIy o gl Skl slay,
(S Romo 13D oolaul (Q‘,ﬂ ‘M) Sl (o AR
osls U il 5 000 98 Lppals b ael s ST o st
Ol o Jgde a8l b g oledT S po o8 15 5l oo, 99
A dsgd ol sl zs® <S5 51 (S-DN g o) g
S i 3l aeo,0 99 g s L aw,e O/ S b ol
W05 6l > Sosh 69 o (oleend

3 Jsdme ) Blah 5 (258 doe Jobe B Aubgy antd
1551005 cbale aw 10 9 0405 oo JLs 50 o5 il
So b o JolS anliljons Baa b g aps ws)o
PH 08 )5 1,8 solewl 0,50 cda e slod 4o 59, el
Lo glod jo eolaul 5l |8 oo a g slo Joloxe

RCICNIPI Y

Lo i jo ol RO gy 9 Ldigod (g 3Lwoslo]
P o oS A (65 gy Gl g g 00l A
514920125 s &0 slaaS o (crzr (WS &5 10 cl)
Db s ol 5l e e 212920036 ol g e il
A A Gy SLBAS b g Culs (6 So sl
Jas (e e 0001 8o L) Jlizus g, dewg
0102 c30 L) edoS 5 (o9 <3l 3109 (s o Insize
¥l o plsil (o Mitutoyo colw e oo
1 oo (e aulis Bis jglae 4 a5 sladSy
slod 55 el Al o 285 D jgo 3y O o o
4 (e s S b 4833 6 e g o5 ke a2 )0 8

A 3y 5l ey w0 ploel (e — (539) 20 0 1 LT

G515 5| ol s 5L padlnS 92,53 5 Bt o5 oo
oaiSL slawid Jig)S 09,5 (o WSy 4z a5 0 )Ms
35291 Cemol (3l kol 05 a1 sl glanl (ol 09,5 L
-ools wwl b ,ST as s oo lid saxie slo cw, .A.JGA
Slyapg,S 5l e plie vlgo yo aS coul il (4
120 51 3YL) YU leo L (51wl b cow o5 il
“ o0 IS5 S o 418 505 E e sl (o5 il 4z o
oot 0 oole ol (Tumorigenicity) ol;,5095 (3 4) 09
5 P9 S Ol 9 02 oS 039, 4SSOl eadg S
vy gmac g ;0 OIS ol izren ¢ Ll
a3 o ol 5,158 (B) el sy L3l 4 el ST
3 g aels Byman 5, 5l Wlgi e agel o ST i
5 O (i i 00 e DY gmazte wiile I8 Blge
D58 O ygo Al L g 0gd (ol DY gaxe
aas o Lt walize sla g i8S s snd ploul Sladss
00 &y DY gazmo dy gy o el ST (5 0y
S35 (Kb Sl hmjims oz (6) el (o
5 Szl 05351 Gty JUo 150 51 T g a5
|y lidolye il (a9, S 5l pgms o ogam (T g8
2 1e B yas oSl Bk 51(T) ol ools plazs 545
PO 9 Sl 03,5 i AliSie S 03900 ;0 310
51(6) e oSl 6 s ) sioadle g 128 039 4
aol ST tals cgr (ilizs slsely 535G 5, (!
SalS 1 55w Jslee (3 4 8-11) el o 3,155
s 00T oo DY gz 55wl )T e[St
= 6918 e 9 6918 5l B Al e 90 0 s
w85 5 la gy 53 O3S ey o0 ST 4 45 0900
ady ol Job o S ala s, Cse (e s
(S sy Dlaig 5 (8) o092 o ol 51 S o ol
Shs> Lo youls oadolS g joem ol oo e (l )3 1,
v (Clis WY same adgi Sy 1E Cais 4 &5 s
o5k an (eired LaadolS g 0 0 S (oo SeS (el
O ygmo d 00 F e Sl CdlS g Sy 00 S
glgl (5l ool (12) wigyo0 )5 4 lag)l (oo gy
" 5o Sl b ST halS Caz adlS g 0 slais
4S5 b oaaliive g oy p Pl 8 4 0dd E e (e
58 ool o ST i (2alS zrge Loty ol 08
omizon (13 14) 058 5 o 00iF yur ey DI
LS gz i aislSs am sla e, 5l eolitul
oda; SLSl 4 00l s (anjcm P )3 (589, i
Ul a0 Uy 5o ledl ol Js (15 16) o


https://nsft.sbmu.ac.ir/article-1-2283-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-05 ]

111

S Lo Sy et 5 lite ay Ibaigad Cb T
o3 Gaail 5l (e e ((SaSE 5 65 5)
Lo TAXTPIUS  Joms sl 5507 olfi s oy
plal Gz Gz sodiged 10,5 oolwl LSSl guS

HDP/CFS o..\_;)‘..\.e‘i; C_‘a_w S99y = J_nlf C_'))B.»o 4 05.0)‘
Cag y 230 o0ls 1,8 ( Crisp Fracture Support Rig)
54l o taiee 05 (gail (sl 2l oS po g 25 >
- b D 0503l sl e gy fasgi ea 00gary il
P/5 S92 )‘ ool l) 9 Ja..."LA 6Loo L) L)?"Q)] U”‘ 09 )-0.40

L85 )90
(g3 ol 53 ool Jm 55T (5 ymiS 0311 5 ! ycian!
ol 5 5] oolitul b ladiges 45 Sg7g0 Sel by ST
500) (Solid Phase Extraction) osaol> ;L6 L z!5e il
o325 (LS ol Restek o5, & ol 2] Jos B-p 5 Lo
5(22) S, pol Gy damo 5l clilas uilsT 8032A oL
S0l b (23) ouijle o8 50 ous a8l Loalljgis b gllas
S osanl S5 ag S35 oS b 5 gl Sy
00D 3,3 (S o e 25 S0 polaie (v is S
20 Sae 4 g byl auopo 011 e pocnsl yd Lo 10 L
S8 S olws jo aids o 490 150 ce pu b g aids
Jiou ;o dbges (g, auY bl B cuar 28 8
5 (o ol BIOAi) (S5 pas jos 23 51 s 5 (5510055
2 j5me Ly as ol 58 Ly gl i )S 5l cales o
Blo abgel jae ddd> o (pl 000 0old jgue g 0050 T
5855 By SaS a5 35 Jlael g el (g5l o0t
63M )5_E:J.A A W 4.19).0 )Q...\..:J oals )9 C.u).')ls
Al hie U1 o L 105 ewslie Jolse
5 ey a4 i ) 5l esliiul L g s ey SS
3902 ol ol j5ue 5l lieb] g g s 0l )38 g 518
al> o plea b 3T als e jocails aslsl M5 ol aids S
5048 o aBlol g 35 4 il 1 e 2 jlade ¢ agd
wd>yo ol (o295 0 S S @A e 0y S
a4 d_'))" OQLA] cd_;j.oﬁ )‘ 00— Cl)_‘z.._..u‘ ..\_HJJ_';]
Al ST ke (g ySojlail (6l 08 (518 (21,5 giles S
4 e Agilent 6890A 31 S gileg S 515 oSiws 31 ndiges
5,0 30 Jsbo asy (HP-INNOWaAX) (S g5l 5
3,5 il a5 260 gles b (slaless oygnslpuisy sl IS5

5 s yS Romo ¢ RO yidgs jolaie 4y Jaore sleo U lndiges
1005 ke aws y ploS o Lges T o Jslo o SLo L,
oo jobo 4 aiBo 4 5 2 (5)5ab5t oy 90 5 00,5 15
L ol O jo 5 vals sladiges .ows )5 1,8 soliiwl 5,90
4 Loy g 0,5 il a0 170 sl jo Ladiges 0,5
Rotofry F28533 Jos  S3sJs) S5 s 5 ¢ s b aido
Pl K55 0d Ll (655 s 5 Sliwge 5 2 e (L)
095 9 S5l 5,008 Sla sl 4 (g S 0
d<ls .Ia_».ug.' 03— C)_»...v w)w.u 6[.@449&4 @L@‘ U‘cﬁ)
Lapl 59y 1 abgiye glapyge;l abolddly 5 0 4285 il
(9) eé5 & )90

clopsel i =Sy md 5 lboamd Gl Sy asd
S Ll 08 (S ool wisb ol olends
L Bollas ool 4 slons 9 (oo PH 5 o>
erc \5)‘\.\4[.._...:‘ Lguu.us) 9 (18) u‘)l_i.o.% 9 GUmUI U’“"j)
o PH 5 =50 3lol cg (19) Wi 6 5o jlusl ol
IS 52 8 e g 4SOl o)l S Sl an (e
Ol S oy 08 Blo o lac I 1 e 30
oz PH (=S 0jladl sl 5 28,57 18 oolitul 5,50 pH
shie T i e 50 (T ey 5 ous 0,5 Sls o 5l 5 S
oo 5l e g 0 005 o aids 30 o 4 g w5 aslal
PH S ojlacl cgr ol oasile (B gy aY 0903
ez (L%, @%, b%) 55, slmaasls .o soli
Lilsge LS3sS 400 (6 TS, 5l oolnl b sy
Crlpaasli G 5 <8,5 )18 gail 0550 (5 <l
CAz £y Ol ol QA (5E9) (yliae (g S0l
Sladigal g oal ool [iligy (ciwejuw SOz 50 0o
oK) Al g By, 4 g s (39 elmilp dals
iy oSyl mulio clo XL Jas Al gus Silogs]
(o oyl S8 5) Sl gty Pl 5l esliul b s (o)
reSoslasl 1,553 0 AOAC o il g, e (]
il 5 Jge b Bk 3l ladised 8, 00,0 .(20) ws

=

VRIS

Oy w0y =[(Wy — Wa) + Wi]x100
S g Joo 51 I8 (Slo 325 g ez digad (39 W
S g Joe jlam (lo 32l g e dig0d ()59 W


https://nsft.sbmu.ac.ir/article-1-2283-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-05 ]

OSan g ol asly o ca5elS 0 gla sy ]

112

(ob e 039w 2) LST 03, (cnjonmms (olond olos 1 Jgua

00 dlne polie S
22[72+1/53 (%) s oole
0/09+0/07 (%) Ll w3
77/21£1/51 () b,
3/71£0/17 (%) s>
1/09+0/70 %) o
5/88+0/08 pH

el 00 ol s Bl 2S5 as Sl & g0 & gl

cbale) sasslSs ue sla g 5l eolitsl L3b il
2 Jodome 0, 8Lw b g oye dowo jl ao,0 15 51 .0/5
odls lyizme (48804 52 594kt (o) 93 ;0 Ligw O
6)1_‘0] J_..lJU 9 4_v).70 w‘ AW 00)5] 2 Jﬁ"\:’ ).) Guuc)
Bl (oo oy Slodigel Cugh ) jo (5l Sae
90 ;o 5law,e 15 e lile 4 S 5,6 b 4y (p<0/05)
Cosb) YL aido d gysabse (lej )0 adelSy 0
el 1y (Lil58l o o 69/58)

L g o o, 5 sl az o 100 il glos o ool
5 dumy o, 5 il a0 2604 aids j0 a>,0 15 e
ode Jol 55 0 anils a5 Lo ol o aids 05 Suw 4
a5 rids S L G5 oo o ool el s L
A bl o 3 il ax o 260 sles jo 4Bl pé & g0
00l gy sheojiems e oo L2l5F low (9903
IS Gy 9 030 oS5y ol s polls JSb Jolis) ot
&l o(15) wé iy 50 slabis 5 ez 5 (903] G2sb
gl 5 pole 4 phszetils 51,5510 51 (5031 nl (62!
Obwio> eely (b @l 5 (55,5l88 oAl (olis
2 1 slael ol sl bawgs ladiges oy 3 o i oolasul
WligPl b b ;S ol i S 4 a5 ) 554 3
aigldgs e 5 anldgs L cawgte winyligsl L
s ools plais! ladiges 4y didgs

B 45 g ol SlS #,b b aslllas ol bl 5IGT
Ly oaoloews ay glmosls 5 as (quyp JpesSl iales]
Jdos 9 a0 555 93455 SAS (o)Ll l58le 5 51 ooliciu
oS3l (glaals iz (y905T 5 L peSiles dnglin (sl po S
o oolawl %95 Ol mlaw o

badl e

i stlbord Gl ogeil 5l eael Cews 4y by
ol 00 o0l Lz 1 Jga 0 LS o3,

(wsb e 035 ) (B3G5 5| bolo afnms o leond o155 5 (B aslSs o0 2362 Jgu

pH (M)Q)L?J‘J.ﬁé (M)Q)s_i.ié ools (_x.o).s);;g'}b) (M).))L;;),? Ol b ,les
5/24+0/00° 0/88+0/08* 92/90+0/01° 7/09+0/01° 29/54+0/19° as,30/5 e deo ¥2
5/24+0/00° 0/98+0/01* 92/61+0/07° 7/39+0/07° 29/38+0/04° sl e doo *2
5/23+0/00° 1/24+0/04° 87/25+0/21° 12/75+0/20° 26/60+0/12° as,01/5 e deo ¥2
5/20+0/00° 0/94+0/08* 92/76+0/05° 7/23+0/05° 29/49+0/01° as,30/5 e deowo 4
5/19+0/00° 1/41+0/02° 87/55+0/49° 12/44+0/49° 26/53+0/41° aopl o6 jeo ™4
4/97+0/00* 1/43+0/01° 83/41+0/51* 16/59+0/51¢ 25/19+0/15 as,01/5 e feowo 4
5/35+0/00° 0/77+0/02* 92/46+0/27° 7/19+0/27° 29/72+0/07° as,30/5 b g, S Lo L *2
5/34+0/00° 0/99+0/13* 92/81+0/01° 7/54+0/01° 29/61+0/01° 2o Ll gy Sl L *2
5/33+0/01° 1/18+0/08° 87/41+0/37° 12/58+0/37° 26/60+0/52° as,01/5 a5l L *2
5/26+0/00° 0/97+0/01* 92/67+0/26° 7/33+0/26° 29/68+0/01° as,30/5 bgesy S Lo L *4
5/03+0/00* 1/46+0/01° 87/37+0/27° 12/63+0/27¢ 26/65+0/33° 2o yalolgus oy Sl Ly *4
4/98+0/01* 1/47+0/01° 83/66+0/13° 16/34+0/13¢ 25/07+0/112 Mpl/SLlwqi)lSL»& *4
5/71+0/01¢ 0/81+0/04* 98/00+0/01¢ 5/00+0/19* 38/42+0/33¢ gy 286 *2
5/71+0/03¢ 0/76+0/012 97/49+0/04¢ 4/95+0/19* 38/30+0/32¢ g a8 ¥4

At 5056l g 0um Jele 10 Ll (6 y9absé o oaims yLis ladiges JuS 4 5 2 slael fasl o suoys 5 sllas Jloim! mhaw jo (s kel Jlo sxe pae (sosimoyLis (ygim o 40 aline by >


https://nsft.sbmu.ac.ir/article-1-2283-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-05 ]

113

1396

Q3B cladiged 4y Comnd 00 00l gy (s (slodiged
(p<0I05) =3l olS ity

loasses ;3 1y ael o ST Glie Syt L jloga
olis aidod 92 g 9aboé slagle; ;o oo ools g
Oy saiges (oalod ;5 ael ST S e cand o
Oigy BB sladigel 4 Connd (550 sine jab 4y 00l ool
- ST el e i clale o (p<0/05) il uals
ools Lyidgr (sladiges dad ;o (5 9abg Lo ialidl b ol
oz 0 el ST GralsT o T3 edl l8l onds
maboe ey, g cale 4 aly Dud 4 e
= o oLt aal ST aalS L jlans 5B s 092 (59
53 Jsdoee 9Bl dy b oad les iy sladiges a5 was
Oz gladigel 4 Cund 558 Seol b ST s Lgws O
Jdole g0 Sialsdl i ioran (00 (o0 ye Reo b oo ools
dol ST i 685 2alST s oy 5 il
Lo 0,500 o b ool ools yidigy diges jo (M)o79/94)
CnFdion 0 4B B0 4 (g y5abse Lo g a0y 15 il
¢ & Ly odd 00ld by e (ladiges o halS
a5 og aido 4 o gabge oy g a0 15 clale 4 by
O ilS 0 )0 44152 e a ol o ST Jlais )
(p<0/05)

Cach (gaSglSy e slaidg 5l eoliiul rizen

o SlBaged fg) L (e 50 (5l g hals
fowo 33355 3008 40 45 (555b & (P<O/05) wir i jenn
5 Sble VL 50 Lgw O o Jsle sl 5 (05
53128 4 53/01 jals comw oy an 5 9abogé ols;
2 Jgaz o a5 jbplen iad ) iz SLalS asy
Sialydl oo o 15 51 el slacdale jo 548 o oanlive
i ()l e yy b aidod a2 5l (g y0abgé ola
750 Ojke 4 (pROI05) w0y (2ol 5 cush, il
2 y9abgt o g oy 15 clale b diges 4o oy Olime
e adale U absed L jlo sxe oglas pae (glls 4o
(p<0/05) o9 (4idoA) yiio sy9aboe (o) 5 (2e,01)
2 $35alS5y0m gla ity T I ol (slaosls anlie
5 oslizal 45 (2 Js0cz) 9w e i pH 5 Lol s
Lg—s 150 Jsdome )l (o 5 ()8 Goo Sloiiny
(42304 2 (5 y0abst oy g 9oy0 15 5 1 claclils)
Sladises 4 Cond Lol a8 iol38l el (6,10 g g0
ol 50 dwo,0 15 clale oS & g0 cpl 4 o gy 3L
Ol 2SS wals laaiged § yioy aido 4 (5)5abse
L (ezed (p<0/05) wsls plaisl 0gs 4 |, Lol wis
S PH e Lol aliad o ol 5 o lale iyly !

Yee
..
d
2
1w
i
jj Fe
E b
) c
o ¥ d
%, :
3oy f
'j h i g
¥
| ' ‘ :
= N m__m
S A~ . o o o bl 2 . . \ 53 o]
A A A A AR i AR AT A N A
B h \53'1 o N o f:-" s {?" #)r‘-’ {;"ﬁ' R o ke ¥y
= . d d %
3 N 7 7 })97' .7 et bt T T LS __.-9\,_.‘
. 7 < {,.;”'; ,g-_."a ¥ 1_:"" - i A oY : )
P s I o 7
< ¥ i® %
&gad

(3000) s poo st oz Slotiged 50 ool Lo ST JSts (palS liee o (0 gy 311510000


https://nsft.sbmu.ac.ir/article-1-2283-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-05 ]

OSan g ol asly o ca5elS 0 gla sy ]

114

ooy g sladigel o wuSe job 4y g il A8 slo
4.9.&04 52 6)54.b9.c UL") 9o B 4O cdale u.:)...m.u l) ol
05; 009..' ‘)l\) p.é) SLC ‘5>).C éo.»o (p<0/05)..\.a¢)§ OML&A
bl 9935 o0 3Dl STy (5958 P o A
L ous ool idgs sladiged oy, S5, bYe 51 SO 500
(28) el (29, i ol bagslsy ue

S by 5 9abgl ploj g Cile () yigy Ll
(> i) 0523 4 Jgazr 4 az g Liguadals g juus
—abge e 98 10 20,3005 Glacdale <i 4 adiges plos
- x5, kel Bl 5l s 1 aS wogs gy A8l diges
15) YU ccdale L oo ools iigr slaasges g o4 o
ASglSgyum g0 o 5l aidod 5 2 (g ysabse loj g (a0
plw o olsal dbged oo e Hlee 4 Sy s
WNdgy o cxe gl w8l Uas vs o

S s e gl (3 Jgaz) Ky 5 il bl s

Ligw 2150 Jolme 03,5l ly b onds (2o iy slaaisad
g aido 4 g 5a bl plaj g oo 15 51 (lackile o
aidod gypabgt (Lo gao,o 1D clile b e doo
a8l sladiges g oads oold il sladised Koo 4 Cans
Sl 5l G sl ) 9 e (oSS Aty
- Jslme 50 0uds jabsé sladises K Gizeen .(p<0/05)
bl s LT gbT @ sla el )l yo sudslSs o sla
h" gaasls o Jy axils o gime Dglis o2 1 (C) Leg S
Sosabse loy g ale alidl Loy jlo e glas w3l
g i b asls goue Jlaie 5 laaiges olidy, oljme
4 gk a0l a8 08 ) 4 gl RIS e
Slaasses ;0 i a4 (@lag)) L oasls Jlade o 5YL
ole; 900,015 51 Lgw au,lo b b oas ools g
ooy Loy 1/5 FP SRV LY IR FRe e 4 S y9abge
Sagtbst ooy 5 00,0 1D oy dao 5 48B 2 (5 )5abst
030 sladiges ;o (F,0) L Jlaie oy jinS g 090 aido 4
03ls ity sladises g (aido 4 52 ploj 90 ,0) sy
Oles 99 58 33slSg)0um 90y 5l edale G 5ol )3 oad
e ST d Gl S (it 0 aiBo 4 5 2 (g pgabsé
“aged o bgrye 9,5 5y 4 Gl S 568 5 (@% a3 L)

Sy e () Slaaasll 5 il sadslSy )0 dlse b mo sy 2363 Jgux

h* c* b* a* L* (£5) or S35 pousSle b loss
79/55+1/05° 19/04+0/06° 19/08+0/03° -3/52+0/02" 53/20+0/01* 913/52+0/52° %O/5 e dooe *2
76/81+3/7° 23/88+0/85 23/21+0/63" -5/47+0/02® 59/13+0/06° 912/16+0/96° UL ooy oo *2
78/04+4/6 23/660/60" 23/18+0/28" -4/32+0/07** 59/38+0/17° 914/85+2/02° W15 e dooe *2
77133+4/6 19/48+0/55° 19/02+0/22° -4/05+0/04** 53/15+0/02* 913/66+1/74° %05 e doo ¥4
79/54+5/92° 19/57+0/46° 19/04+0/10° -4/30+0/04** 58/65+1/66" 908/92+1/17° %L oope poo ™4
77/65+0/75° 23/02+0/03 22/98+0/03" -5/99+0/02° 59/58+0/03" 890/75+3/22° W15 e doo *4
82/11+1/57° 18/67+0/46® 18/51+0/36® -2/3620/26 52/26+0/28 909/13+9/53" HO/5L guso S Lo Ly *2
80/29+0/59° 19/25+0/11% 18/98+0/13° -3/25+0/19" 58/72+0/33 907/55+4/61° BLL ooy S Lo L *2
76/62+4/32° 23/82+0/05 ° 23/01£0/10° -5/98+0/02° 59/59+0/06° 907/55+4/61° W15 oy, L *2
80/17+0/31° 18/96+0/14™ 18/68+0/13™ -3/23+0/58™ 53/02+0/01° 913/82+1/47° %0/5L a5 Lo Ly *4
77125+4/32° 19/46+0/51° 18/94+0/15° -4/31+0/06™* 64/62+0/43° 895/08+4/93 hLobgus 2y, 5L L *4
76/60+4/32° 23/92+0/04 ¢ 23/16+0/04° -6/16+0/04* 65/11+0/11° 892/69+2/42 BL/5L a5 Lo Ly *4
80/63+1/09* 18/17+0/02° 18/12+0/02* -1/22+0/01° 52/24+0[70° 909/21+2/66° gy 286 *2
80/40+0/54° 18/18+0/00° 18/13+0/05° -1/25+0/01° 52/24+0/67° 907/49+2/61° gy 286 *4

A 5059055 0 Jolome 50 Ll (s y9absé oy oaims (lis laaiges JUS 4 o 2 slael lasl o duoy0 5 sl Jlaxs! mhaw o slel Jlo cine pae oaras s (gt o 50 alie g >


https://nsft.sbmu.ac.ir/article-1-2283-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-05 ]

115 1396 Loy L olast qomiled Jlo el 2li ol g 45 pole doxo
sy e saigas b avglie 1o LoslSs e b oad ool iy Gz (o> O303] mls 4 Jgaz

S5 Sy b oy 5 <l sl so Lo

4/0+0/942 19/04+0/06° 3/50+0/53* 4/20+0/42* 4/6+0/51° 4/8+0/30° %O/5 e dooe *2
4/0+0/66* 23/88+0/85 © 3/50+0/53® 4/70+0/48° 4/8+0/482 4/8+0/30° %L ooy oo *2
4/2+0/422 23/660/60% 4/70+0/48° 4/90+0/31° 4/8+0/422 4/8+0/40° W15 e dooe *2
4/3+0/67° 19/48+0/55° 3/90+0/31° 4/30+0/48° 4/8+0/422 4/8+0/30° %05 e doe ¥4
4/1+0/732 19/57+0/46° 3/50+0/53® 4/80+0/42° 4/8+0/482 4/8+0/36° %L oope poo ™4
4/2+0/422 23/02+0/03 ¢ 4/80+0/42° 5/00+0/00° 4/7+0/482 4/8+0/422 W15 e doo *4
3/9+0/572 18/67+0/46® 3/40+0/52%® 4/90+0/32° 4/8+0/422 4/8+0/392 HO/5L guso S Lo Ly *2
3/9+0/56° 19/25+0/11% 3/60+0/52%® 4/80+0/42° 4/8+0/42° 4/8+0/392 BLL ooy S Lo L *2
4/5+0/532 23/82+0/05 © 4/70+0/48° 4/90+0/32° 4/4+0/512 4/8+0/422 %15 oy 5o L *2
3/9+0/312 18/96+0/14% 3/50+0/53® 4/70+0/48° 4/6+0/51° 4/8+0/382 HO0/5L a5 Lo Ly *4
4/0+0/67° 19/46+0/51° 3/50+0/53® 4/80+0/42° 4/9+0/312 4/8+0/40° hLobgus 2y, 5L L *4
4/3+0/482 23/92+0/04 © 4/80+0/42° 5/00+0/00° 4/8+0/42° 4/8+0/422 BL/5L a5 Lo Ly *4
3/9+0/70° 18/17+0/022 3/50+0/53® 4/20+0/48* 4/4+0/60° 4/6+0/40° gy 286 *2
3/9+0/732 18/18+0/00* 3/50+0/49® 4/17+0/43* 4/4+0/69° 4/7+0/482 gy 286 *4

A 5959055 j0un Jolome 50 sl (s 9absé oyloj oarms lis laasges JUS 49 2 slacl [asl oo aoy0 5 (slas Jlis! gehans 10 (5 kel o sine pae (sosimdyLis giw s 50 alie g >

OO E Job )3 (i (5,2 OglinS |
OS5 5ds e il ol (pleerd lo STy Joie
S92 Sl Ol CaiS 2l pslaie 4 0,8 & e w8
oy Cugb ) Sl p GuglS g e (bgy iU
@t sosle (0B E iy (o> )3 Cusb) e plp 50 09>
T D)l Sl p ey gl 518l Cusb; 295 Bl
5l oslial 45 ol L5 3 Jsaz 5l Lol ol (28) wiss
o e Cagb) Laa> o (5a34lS g 00 sla il
2o b alin ol s a5 (p<0/05) 4t o (sine)
s eislS g0 sl Jslowe 5] sslial s S gy
‘30) ..\_..ul_v‘;‘o 00— C).uJ Gua)w.u 6omdu~.~uy u‘j—hc

(14 29
G (17 S 1 sl g 0 gla by
00 959 a3slS 5,00 £98 90 Codidge LYo Sl Pane jammw
oy )3 (shol pucilSe 93 (S g oo (9, LI ralS
@38le Goyb 5l (585, 090 0 p0 AT (Slge Li pailSe
S oy dinlyd 10,008 o o o) 13 sole (9,0
40950 ol B3Rl ) 5 et (8 eole o 51 O]
oy SO (9355 Faw a0 gy L s Ojle

M °
ailaie 4 glate b ST (crmjnm a5 ol (LS by
S8 eslaiul 3550 adsl ools (lgie 4 oS ledal (s
&l (9m0,922072) YU s Szt ool e 4y 28,5
S oole e a5 Cenl caslie dumjommw e Ay
5 BLE plw an Cod Glod (nl 5o 0l (6 S eIl
" 45 2l o1 51(25 26) ol e ST 8, 550
bz polie glils (5l0aSS Ll il g 08, 4 axgi b s
2 Ll a8 e (10) cnn aal o ST (sl iy
Shacie 5l i 55 (a0 0/09) jiol> iz sivejiun
PH yzan (27) il e lados plaw ;o ool el
PH L aalio )0 oliae (45 092 D188 Lyl tnejcnms
ke (10) cosl 565 ooy slaed; 5l 0o (B
a5a,S 3Lel 6125 1, L ST 8, pH 53 (27) o Sen

ol il polo 5S4 S oS

5 ol sla Jo o pH a5 ols oLt oligle;] b
Ry 50 by ol 5o Jodoe Lol g oy doe
an cbale o 5eS )0 9901 922 L plp sy 4 clile
S0 &l a4 asb e 6/50 55/49 pH <l ls s 5
5 Jodome 2, Ble s 5 (o5e oo 3l ool as slaJoloe
sladslne jo anoenl Gliee a5 2agy (ol Lo Ligs O
Sl 5o Jodome 0 S by 5l ey (00 G 5l o ags
wwbale l5 3L 9o 50 5 (p<0/05) ws S 518 Lye
ol yieS PH e


https://nsft.sbmu.ac.ir/article-1-2283-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-05 ]

OSan g ol asly o ca5elS 0 gla sy ]

116

PH _zals s ogdle . aiguis oo ol fs,ST JSis (2alS o
o LS 251055 6 Lol asliiul 5,50 (slaasslS's amn
seal o ST oS5 g m ol 25l il o Sen 25Ty
ol o Jodoe w5 oy (3L) amas 1,8 50 cos |,
A4S oad culi 5 (32) ogr ST 05 Cosls Slls Lges
LS""\_C \)lj_a )al.w 9 LQU.CB) uaﬂu‘m‘ )‘ mljaso ools u.a‘
3575 4 B (b 0081 (b oS (tlys ST gesloS|
ST S 5l le azmis ) 5 08 0 (5,55l w0
ol o5ms PlyE 4 el ST RalS 5o (o gao b Liges
405, 5 o ol YL (Foi & 508 wsile w5l L
b s S 5 phd LS Cols (s O le
o obed o a8 ou el (32) g T o Jslore oy, lSLs
Ol 2 595 8 e ja SL S R L i o
5 9l NS Sl Cush) (moiaws 5l 2l g Lanee ayann]
5 7 il ol e GBSy gy JSes L
L eizmon 0l (ygewlannS| 5l Jol> ol 5 JuSias
2oy 5l Sl pH (2als 5 O ladsSho b wigey 5)),3
93,5 50 9 Mo (o310 (30 (slosed

6[.%..\_35.155)..\.& )‘ oola l) (14) ul)liw 9 ul.ug.wﬁ.o
2,0 07 5013 slaclale 1o 1,55 g ok Jute (onS g,
2 ool ST tals cgzr (8 il lacaS 5 L
a5 a50,S caalive Pl p,8 a 00l F s (Joe jaew
- ST S5 (5l b a4 il o LaaslS s
GiRg5 50 slerd iy g 9o (Rl |y ez 5 gl
Qo ials 0,0 62/9 i ) el b ST cdlys lagy]
oSy 3l el wl as S 3,155 (13) L ¢ Zeng
oy M g (oleord Joe 50 Gl 9wl Sl
Oley Gl e 05 el o ST rals o Wil e
ol aid )5 15 4 a3slS g 00m £98 A j2 3550 )3 (5)9abge
“ e ST S5 e IS s (5o sinn b & andl
bl 5l iy coilhe an (] ;5148 5k 4 005wl
ol ls bl 5o ame (nl &5 09 (a3slS g 008 Jolne
Sy5abse Gloj g bl 4 il anp S leaselSs ue
el ST 2alS e g0 2 ial3dl b a8 (6 sb ay ol
WS ool i (S i job 4

o)‘..\_" 9 \)L\_u w.a:l_f l_> Libh\..jﬁﬁ)m (24) w‘ &la.u
2 28) Wisb o (5) iz (0,5 o5 s (rlaw Bolis
oole rhs 45 55 SgS Bl b 38T ye angy olomy) s
Fogamaly oy JULisil an b laadslS's ane by olié
(24) MQGA u.....calS ‘) "J.(.:s) u..\} 9 OQ;

Slosli wla S ol Lii 3 Jgao 5| J—ol> s
SelS Eels (gl iae job 4 (g0 3elSTg 0l sla by
(p<0/05) Sl oh (s ez (SBAIged (€9, ol
G5 a0 S Gesh ple o b alie axis (plas
(28) 5ot oy 0lS Cgz oISy slaiig
Lo sdze gyabse (loj g cdile ilidl 5l uiman
= Sar mli b gy, @l hals p saselS g uue
9 25 &oo M59lS g 00 90 (655 @y () g ope
S ogdle Gidg g (16) Lgw o1 5o Jglora 2,5l b
s Cdsllae s s S 52 (30)
ol a8 Gl GodelS g o b gy W5U
Cod Wlg o (G e )0 Ll 0B Ol e
S5 g 0 e 2aSTy 0 &8 p5) sl anl s g 3k
o0 (18) 0,5 13 (anliss a320) (il g (aumel by ,ST
B3, 9 Cogby Gl sl sadelSg ane sl jile ol
U’““"‘)J‘ 9 .la_a_‘> =Lv 9 (12) 0du Q)M.z.a JA—S‘B )‘ éILA Ja..m
50,5 SaS ou ools gy slrdiges o Ll wisd
Kotsiou \pH ¢yl5me 5 sowislSs yuud sl gy il
osdle auel ho,ST LS5 5 50 Jolse oy (4) ol Son
PH s« 5,1 o lyd bl g Les dayls s oylime
3| S GRS TWWISHINE Jree FOSCIREER R A ppes
L as 00,5 5,155 5 (11) o ,Len g Anese .ass,S
ULTT SRVC PV RRIUUWE | Y JON-NP VIR WU SURRN Vove i [P 00
o duel ST Sis mals el sads g 0um
taol J1 ST (e 31 uislS gy gl idigy 35U
S Lo oo collad PH) Lole o355 Lo po alies
3 e STy wilgiy 4 (138 (ygmY 50,8 5 (50,5 & e
sl ST S5 e lgi cn s 5158 3 o |,
3 ey $LaaS (00 boé (14) asly iS5
58S 09d o dalph sbul o sonnl Cools L Jole
O3l olml 5 Lagysay 38,5 b alils] el 09,5 ]
O RE. U= [P RSREIAVS PRCIEPE SURIERV LIRS


https://nsft.sbmu.ac.ir/article-1-2283-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-05 ]

117

S Sy glaog, Lo b b o] ShpST 0d Cools S
qul)bHuT)QJj_buu.b)lsLu @LOMM
SLuS 5 ol 45 Oj90 s 39d 0 g sl olais]
5l ele 5 (31) wisb oo ST sla IS0, o (15 oo
o5k an 09d o Y (252 b alieolse 50 g o Slge JSS
2 e0fsy iz 5 ael ST el opdle o by IS
O99= J?M 0y g u_i;) ;LS_'{)l [EPTew) w‘y Yb 6&;«&:.[&
Loclale plow )3 5998 (cnx la el b plo p (siie ]
S 55 by B8 ey iy b s Jpano

W)Ly 5 o8 oo o5 (SLaSs Ly 536 0525
> Sla Sy g (g, iz rals 5o bgw O o Jsloe
S8l (g iy ool 25w oo Gl
b g y5alose o 5 0oy 15 clale b g o 45 Jsloe
50 Ladsges yo |y amwl o ST ol ol o ylion @ido
D9d o0 pymie Y (ol 9 (Sl b e

a0 sl STl a5 ol (i iz ol slaazily
Tk 9 e oo b a0 iy p3U Cod ailgioe Dl
bl el ol 457055 518 Ligws O 50 Jalome oy,
oolaiul slaudolss,oee oS Joe 5 )b la s
Lo Lo plas ol Ly ST Sloiie a5 g5 4 sl o o0
ol zuli aisils (g)ls cxe ials dald diges 4y Cond
U’““j) )‘ oolazwl 9 (e i 6l_m=\_?).' H\)uﬁh—hﬂj—' )‘
gz gl 5 ki gyl a5 sl 56 L 2l el
) oo SalS g 0 wls lis oy ..\...JJJ;] (S >
u.a_».u‘é = o5)l_c ‘l'«'~9_""' u] )\) J5_L>m ..\))ISLM:LA_' 9 L;t).c
Ol Sl a5, ©dz Gliee (FaS S Leals
PH pals s 05 oo ol 5l eolinl b woush, Y]
L ol oo Caghby ialidl 5 Sl ool cools opals
TR u....:olf u.e‘} 9 s wl_‘i) M]JJ;] ols Q‘a.n )JL.J
ooliiwl 00l Fyu (csjmw 5 wgllacl Cihs 9o ol b
Szl g el ST 5 o7 Ol pSedi SRalS s
ey o S P, el 50 e Sl
mabse b g adslS g aue cdale il Sl S
ooy il Gl 5l gt dw o0 SIS 4 reizmen 092 (659
ol )0 059 an o SelSg 0 B as )0 (5,94 boss
b wesoe (LS o (pl @l 05 p9rddie Jaie
sle O3_> 0)45 uo‘9.‘> J.J\) L l)j.w u—l B J}lm ..\J)lSLMJ
0O She b mhaw 5o old JSi5 5 (S &8

LB S 39 s Gl gy b Gy U
a0 L (635 oyt S0y a (69 59) (S 323
L o ool jidgy sbadiged 4 SBrw (pinS ;500 Ole
60,5 cde g aidl, plaisl YU cdale o lbaselSy,an
ooy i sladigel plas g Gidg 8 sladigad oS
M (l ..\_J“so dl.a_" ul.a)w.m as w‘ 6‘0..\.:..\4 99 AW
Oty St g gl (gan Y 5l S aSs sl
Job yo ok solsms chnis (2 Jobo o (St
ods 0ols il sbddises (g0, Liulidl cde Ll o S &
9 Bouaziz gl b as (33) 3,5 ol ez v o polie
9 &S'L‘>=Lo)§ LS")L) 9 r:‘\)l; (:o..o 6)3)1544 50 (34) ul)liw
- oS98 g5 il feo 65 4,0 (35) o)) S
sy s Godos pl wliogle callas 1,55 5 el Joe
ol oy a5 0 L (adslSg 00 slajles Jlesl a5
St 50 (e e Ky Sl e (5554bse
'd_o)f LS'~‘)"> 9 (14) ul)liw 9 ul.ug.wg.a w‘ AW k.)j.uaﬁ
iy glealge 4 s )S (3135 (35) e 5 S
30 9039 555 3,8 S5y slhls lasslS s jue b oald cols
madl b oS sl ooy i (lidy) 5 905 4 Jiled Lo
mabs Loy g cdale Il bcal Blge Gubos pl slo
Sl e Ly S5 ol cadalSgjaum 90 0 30 (559
(X)) h* el sove jlaie il ilsdl o (C* L)
usl_a_v uj..\_u 03y ool w—u}y 9 u*‘"""ﬁ" 288 6[.@4.:9.0.' )o
i Lagl oo (Kle 5 04 00,0 0 mhaws [ lo sas
303,535, dn il S eaiasylis a5 el ax o 78/79
6l_®o..\_~mou~_~uy @LS )5_lo a ..\_..ul_v‘;‘o l_®=\.:3.o.v ‘DLQ..'
Ot 9 8% (ALl )0 S8l o oy o (95915 5 000
Sl )5 oyl ee (L*) by, pasls goae Jlade yo sl
ladsises S5, (CF) cueldl e o (B%) 59,5 5, &
> SRS 39y el g 0un b gy wil
el osesT 4 Jsaz 4 azgi bl o jommw s
-odale B uog.»a? 4 LQ..\..S}KQ)M la Gmowy (o>
pas oo 1) Gz sladiged S5 g 050 il YU slo
45 9B yed Syt i 0 8ol JSE 5 gl 3l
el (34) o) LSen ¢ Bouaziz a s L alie guls oy
Jomame (A5 (opin m edipo by dlse ;30 imes
635 ol Sl SlanST il (Shg alausly 4 osimdpab olge


https://nsft.sbmu.ac.ir/article-1-2283-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-05 ]

[EEN

N

w

~

co

OSan g ol asly o ca5elS 0 gla sy ]

118

39S oRails (5,5L8 5 gy Siglee jlig I Sl
o=l plasl sloaze oS plwjss usl) (b milie
20,5 o (Soyu8 5 Sis widged pol B 1) Gaiow

References

. Gadiraju TV, Patel Y, Gaziano JM, Djoussé L. Fried food
consumption and cardiovascular health: A review of
current evidence. Nutrients 2015; 7(10):8424-30.

. Mogol B. A, Gékmen V. Thermal process contaminants:
acrylamide, chloropropanols and furan. Curr Opin Food
Sci 2016; 7: 86-92.

Salazar R, Arambula-Villa G, Vazquez-Landaverde PA,
Hidalgo FJ, Zamora R. Mitigating effect of amaranth
(Amarantus hypochondriacus) protein on acrylamide
formation in foods. Food chem 2012; 135(4): 2293-8.

. Kotsiou K, Tasioula-Margari M, Kukurova K, Ciesarova Z.
Impact of oregano and virgin olive oil phenolic
compounds on acrylamide content in a model system and
fresh potatoes. Food Chem 2010; 123(4): 1149-55.

. Hariri E, Abboud M. I, Demirdjian S, Korfali, S Mroueh, M,
Taleb 1. R. Carcinogenic and neurotoxic risks of
acrylamide and heavy metals from potato and corn chips
consumed by the Lebanese population. J Food Compost
Anal 2015; 42: 91-7.

. Wicklund T, @stlie H, Lothe O, Knutsen SH, Bréthen E,
Kita A. Acrylamide in potato crisp—the effect of raw
material and processing effect of raw material and
processing. LWT-Food Sci Technol 2006; 39(5): 571-5.

. Garayo J, Moreira R. Vacuum frying of
Food Eng 2002; 55(2): 181-91.

. Israilides C, Theodoros V. Strategies to reduce the formation
of acrylamide in potato chips: A market and consumer’s
prospective. Curr Res Nutr Food Sci J 2015; 3(1): 20-5.

potato chips. J

. Pedreschi F, Granby K, Risum J. Acrylamide mitigation in
potato chips by using NaCl. Food Bioprocess Tech 2010;
3(6): 917-21.

10. Granda C, Moreira RG. Kinetics of acrylamide formation

1

1

during traditional and vacuum frying of potato chips. J
Food Process Eng 2005; 28(5):478-93.

1. Anese M, Bortolomeazzi R, Manzocco L, Manzano M,
Giusto C, Nicoli MC. Effect of chemical and biological
dipping on acrylamide formation and sensory properties
in deep-fried potatoes. Food Res Int 2009; 42(1):142-7.

2. Li JM, Nie SP. The functional and nutritional aspects of
hydrocolloids in foods. Food Hydrocoll 2016; 53: 46-61.

13. Zeng X, Cheng K, Du Y, Kong R, Lo C, Chu I, Chen F,

Wang M. Activities of hydrocolloids as inhibitors of
acrylamide formation in model systems and fried potato
strips. Food Chem 2010; 121(2): 424-8.

14. Mousavian D. S, Niazmand R, Sharayei P. Decreasing

Acrylamide Formation in Fried Potato Slices Using
Hydrocolloid Coatings and Bene Kernel Oil. J Agr Sci
Tech 2015; Supplementary Issue, 17: 1725-34.

15. Hoseinabadi V, Badii F, Gharachorloo M, Heshmati A.

Effects of blanching and hydrocolloid coating of potatoes

- Libg S ol sdimo il Slgo Cond & 45‘9560
LS5 e (s 03 &y slo03 1,5 o

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

e 4ol sl ST

with methyl cellulose and tragacanth on French-fries oil
uptake and qualitative properties. Iran J Nutr Sci Food
Tech 2012; 6(4): 71-81. [In Persian]

Khezripurarab M, Hojjati M, Samavati V. Effect of gum
arabic and soybean soluble polysaccharide as coating
agents on oil uptake and texture of French fries using
Response Surface Methodology. J Food Res 2016;
25(4):623-38. [In Persian]

Hojjati M, Razavi SH, Rezaei K, Gilani K. Spray drying
microencapsulation of natural canthaxantin using soluble
soybean polysaccharide as a carrier. Food Sci Biotechnol
2011; 20(1): 63-9.

Gumul D, Ziobro R, Noga M, Sabat R. Characterisation of
five potato cultivars according to their nutritional and
pro-health components. Acta Scientiarum Polonorum,
Technologia Alimentaria 2011; 10(1): 73-81.

International standard 3764 number, Chips- Specifications
and test methods. Institute of Standards and Industrial
Research of Iran. [In Persian]

A.0.A.C. Official methods of analysis, 18th ed.,
Washington, DC: 2005. Association of Official Analytic
Chemists.

Ogolla JA, Abong GO, Okoth MW, Kabira JN, Imungi JK,
Karanja, PN. Levels of Acrylamide in Commercial Potato
Crisps Sold in Nairobi County, Kenya. J Food Nutr Res
2015; 3(8): 495-501.

U.S. Environmental Protection Agency, SW 846, Test
methods for evaluating solid waste, Method 8032A,
Acrylamide by gas chromatography, Rev. 1. Washington,
D.C: 1996.

PerkinElmer Life and Analytical Sciences. Available online
at: http://perkinelmer.co.kr/filessfGCA00007.pdf.

Akdeniz N, Sain S, Sumnu G. Functionality of batters
containing different gums for deep fat frying of carrot
slices. J Food Eng 2006; 75(4): 522-6.

Khoushtinat KH, Kavousi P, Zandi P. Determination of
shelf life of potato chips fried in blends of palmolein,
sunflower and cottonseed oils. J Agr Eng Res 2007;
7(29): 59-70. [In Persian]

Basuny AM, Mostafa DM, Shaker AM. Relationship
between chemical composition and sensory evaluation of
potato chips made from six potato varieties with
emphasis on the quality of fried sunflower oil. World J.
Dairy Food Sci 2009; 4(2): 193-300.

Abbasi KS, Masud T, Ali S, Mahmood T, Hussain A,
Liaquat M, Jahangir M. Quality of potato chips as
influenced by Aloe Vera coating. J Food Nutr Res 2015;
3(3):157-61.

Yul, LiJ, Ding S, Hang F, Fan L. Effect of guar gum with
glycerol coating on the properties and oil absorption of
fried potato chips. Food Hydrocoll 2016; 31(54): 211-9.


https://nsft.sbmu.ac.ir/article-1-2283-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-05 ]

119

29. Sarmadizadeh D, Badii F, Ehsani MR, Maftoonazad N,
Goodarzi F. Effects of soy-protein isolate coating on the
properties of French fries using response surface
methodology. Iran. J Nutr Sci Food Technol 2010;
6(2):75-.86. [In Persian]

30. Khezripurarab M, Hojjati M, Samavati V. Effect of
maltodextrin coating on properties of french fries using
Response Surface Methodology Iran. J Food Sci Technol
2017; 13(60): 25-36. [In Persian]

31. Serpen A, Gokmen V. Evaluation of the Maillard reaction
in potato crisps by acrylamide, antioxidant capacity and
color. J Food Compost Anal 2009; 22(6): 589-95.

32. Maeda H, Phillips G. O, Williams P. A. Soluble soybean
polysaccharide. Phillips G. O, Williams P. A, editors.

Handbook of hydrocolloids. Woodhead Publishing Ltd.
UK; 2000: 309-20.

33. Khalil AH. Quality of French fried potatoes as influenced
by coating with hydrocolloids. Food Chem 1999;
66(2):201-18.

34. Bouaziz F, Koubaa M, Neifar M, Zouari-Ellouzi S, Besbes
S, Chaari F, et al. Feasibility of using almond gum as
coating agent to improve the quality of fried potato chips:
evaluation of sensorial propertiesLWT-Food Sci Technol
2016; 65:800-7.

35. Daraei Garmehkhani A, Mirzaei H, Kashaninezhad M,
Maghsoudlou Y. Use of hydrocolloids as edible covers,
to produce low fat potato chips. J Agric Sci Natur Resour
2008; 15(6):170-5 [In Persian].


https://nsft.sbmu.ac.ir/article-1-2283-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-05 ]

Iranian Journal of Nutrition Sciences & Food Technology 120
Vol. 12, No. 1, Spring 2017

Effect of Hydrocolloid Coatings in Preventing Acrylamide Formation and
Reducing Oil Uptake in Potato Chips

Torabi' R, Hojjati M?", Barzegar M®, Jooyandeh H*

1- MSc. Graduated Student, Department of Food Science and Technology, Ramin Agriculture and Natural Resources University of
Khuzestan, Ahwaz, Iran

2- *Corresponding author: Associate Professor, Department of Food Science and Technology, Ramin Agriculture and Natural
Resources University of Khuzestan, Ahwaz, Iran. E-mail: hojjati@ramin.ac.ir

3- Professor, Department of Food Science and Technology, Tarbiat Modaress University, Tehran, Iran

4- Associate Professor, Department of Food Science and Technology, Ramin Agriculture and Natural Resources University of
Khuzestan, Ahwaz, Iran

Received 9 Aug, 2016 Accepted 24 Nov, 2016

Background and Obijectives: Acrylamide is carcinogenic in humans, which is found mainly in plant starchy foods.
Potato chips and French fries have higher levels of acrylamide compared to other foods. With respect to consumption at
high level of potato chips in the world and growing interested people in healthy food, the aim of this study was to
evaluate the potential of natural coatings to reduction of acrylamide formation in potato chips during the frying process.

Materials and Methods: The effect of soluble soybean polysaccharide and Arabic gum as coating_hydrocolloids (in
0.5, 1 and 1.5% concentration levels and 2 and 4 minute of immersion time) on acrylamide formation, the moisture loss,
fat absorption, changes in texture, color and sensory attributes of potato chips were investigated. Solid phase extraction
and GC-FID were applied to the acrylamide extraction of potato chips and to analyze the procedures.

Results: The results showed that as concentration and immersion time increased, moisture of the chips was increased
and their fat content was reduced simultaneously. The sliced potatoes submerged in soluble soybean polysaccharide and
Arabic gum solution at 1.5 % concentration and 4 minute showed 79.94% (highest reduction) and 44.52% suppression
of acrylamide, respectively. The maximum oil reduction was done by soluble soybean polysaccharide (1.5% con., 4
min) in 53.01% (based on wet weight). Also coating agents increased crispness and color indices, and improved the
sensory characteristics such as color and taste.

Conclusion: Due to the significant effect of coating agents on reduction of acrylamide formation, pre-treating potato
with edible hydrocolloids, especially soluble soybean polysaccharide before deep fat frying can be considered as
suitable method to reduce acrylamide formation and oil absorption of potato chips.
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