[ Downloaded from nsft.sbmu.ac.ir on 2026-07-11 ]

olnl ldé @leo g a1ds pole aloo
A47-57 clomino 1393l L o jlad ot JUuo

o 9 0l 513k 30 99280 WL g g (sBAigoi 30 (ol 39 i &1 il v
0% & 509 Sl = (535 (Bl 5 9ilog S 3l ool b agy] yldie

56‘-‘“’“ Lo Jlae ‘46..\w PP ERRVESN ‘SW Coloa ‘zu':.S\SLAS 4 yo ‘1@LA‘) [Jye=

S (S pale olSails (08 mlio 5 4ds5 pele 0aSiily eaS LA mlio 5 i Glibey gl (e mlio g psle al)l wlid)S gemiils -1
obal 0l it

Sl el ol Il OlEasls (ot 09,5 i) ol IS gormils -2

Il A st e S sk oSS i s 5 4355 pole aaSAs 985 I plio 5 sl Slido gridl s ol lio 5 psle 0g,5 Ltils -3
Ol i S (S pole oSl ( ol wlio 5 4035 pgle 0aSLaild )5iS LIE wlio g ghydas Clids gLl (olE plio g pale (555 (gezmails -4
Sl

ol (S pole olKails (olid mlio 5 4355 pele 0aSals 9aS NE mlio g ludad Clidss gl ( oliE mlio g pele 09,5 Jbalil st coiays -5
ab.mohammadi@shmu.ac.ir | Soig xS ey ! ool 05 sinige

92112112 5 &y 0,6 92/10/17 sl o &b

oUuS>

4

adgs wa.n.‘,)'sflﬁ.; (2lie oole 28l 0 09290 GLHT SlaS 5 g Ca i 997 a4 (oS 6Lm.>)91)é KW ..\._,T)s 3 San g by
S8 4 Al gy s3ludiag 5 (Bome gk nl 5 Busaiibioe 2ol 5 2ligier Seels sl SLS 5 cnl & Wed o
Gladigas ;o oimalis s ot Sz G280 5 abje o (pw Ghgy o Olye 4 i pleple gl FulySie oler 4 5955k

bisn Ol e 5o 0t adse WU 5 g

6L 5350 oS0 ok Sl il dine Sz 0,5 At Gl e gy S8 4 bl gyl 5o Jelss tugy g SMge
~ el g ke (et 5 (ol 28 I8 Gb5yl 5 gy )90 Ol By (Sl o)l 0205 oslitul (535 e ks o IS
oalitul )50 (5lel g, 28T plonil (ol g, 3l ealitul b (a5 e pine sl 3l end 4 (siged 18 10 55250 slo
il oo 4yl Sy il ly SIUT gy cnl 5

s PH=TI5 § (011) » 5 U1 1S oo SOOUL : siso P> o JO0UL 1 ol ol Pl aom 43 bogape dingy olie (il
Sake o ion g ke ol iy jo il )13 Cgllas Ly (g0 5lS s age Lulld o ol g, (Sl pB)lags I
28,5 ens 195 ng g7 0465 ng g7 s 5 s e et 50 0l ad e LI 5 g (Sladiged 48 ool 39y

g ool (29, o Olyie 4 (25wl mle gliily Soe olren ) gr99,Sle S8 gl (o) slessl clll g LS 1 T 4
20,5 Sl (L3 slai, o b aalio )0 WS 5 g (sloiged 53 el s i oF Sl jolie (et S gy

635 BTl S (st mleal gl S wissSle S5 & gl dageelis i (SIS 5 st Gl
207 S ey S

FPRV-IN )

e 0m0 5 o adye Sl o LIS 5 g
)‘| ool ‘5._“.»9? de_.am 5)91)_5 6L‘°°|) U")’n;"‘"
S a3l s Ol 5l adl oo o i g Dl s
QYM olws )| 6)’59-l> a9 Lg)L?.).iLa OLQ)'
S 515 (L 2) g e (5 ooy Jsbo o p55ho

=) bl 32 Gloe 4 1895 slaes sl 3 g coieS
(=9 Lol Sl grmy (RS GeaiiS el g olae

Wgd oo Dgmmie Gludl G LS 890 el 5 (sl

gl 4 bgrye Glnl 55 (855 slaos sl 8 oy ien
Olomie cmg aS il 00 &yl > slaes gl , 8


http://nsft.sbmu.ac.ir/article-1-1605-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-11 ]

bl g Slaoy [ [ o appalio i gl ety See

48

135,50 Gazee olisS (Lo ) 5 35 s b ol o 2
@il 5 G gl &5 (2l Sl Glagty, adex )
s il ol 28 5 15 0slinl 50 b yeal s 52
- o= (14) (SPE) sl> ;1 zl,5cl 5 ¢ (4) (LLE) wole
sl

sy Syae JJo 4 358 (2Pl slahs) o9yl
Ol 4z ;5 5 o1 (ST P a5l 5 JT Pl ox>
el ploy e (o5 (Vsb rizen 5 clll 28 00
50 Sl .05 .8 o 8 eolatwl 050 1S (inles]
shosliiwl ag ;ove 358 clee Jd L 5 Bdo
glily e S5 abox Sl (2 Fuly Se (sla s,
28l 383 et g gliil johate 4 (A5 pleple
plosl abges calidne slacdl jo baieS glol 05 Loy
gl gle gl piuly Ko Sass (15-17) ol as iy
(Dispersive Liquid Liquid Microextraction) iz
sshate 452006 Jlo 5o o)5en 5 (gl Lawgs b ol
C8 )8 8 solatwl 0,50 o o JT ol 5 olels
g el ol 6 s (ol 1 S5 ol ol (18)
55 il e 0aiS i Pl g ol Pl o] s
Al Pl an o156 51 ks 5550 cBT o) ol
glitel anb 095 a5 oansS pdy Pl i b e Jla!
Joted sl adls JT 5 ol o 90 b (orlio sy
S ot ez el 5 @ laes 5l el 25>
o=l Ll adox 5l (23l 6 4 a5 590
gy SYL G pdn i g Cumlbes 4 Bl o0 SSS
o x> 5l osliiwl g oloj Cae gl yFeiul (YL 033,
5,8 o ,ksl JT Dl

S gy S le i g el (Baion 5l o
o g olwlis jelite 4 (MAE-DLLME-GC-MS)
P 5 sz 53 Lol 525 05 Ly ol
ose— ay Lol js i glymil 2 ige Jolge il oo
D A 55 0 S e b jlesliiul b g Gl e
Sl polie s g g3l 3o g, nl (2L e
IS 5 g ik (sladigad ) bagrealjs i o8
35 B g D 50 00k ad e
Bty golge @
0,0l 0 09 >ga sl SLaS as lal ILpdiged Gants
ooy s5me lylo (gl IS 3 SIg sl o oLl
2l o i 45 oo &l (2555 sleed gl

5 Sl 5 @S sesle ;0 352 e £ sLa]
S oS 5 LSiis 4 poie o] 40 ool 00938l o yis
b9y 4 Lacmalig i S5 (3) o5-bion msljg i
35l ‘éfw..,.) g ol 00938) g i cdalé (log s (i
sl 00y SLST s o] sy 91 Ll s o
g oo 5 433 oy 08" 40 (353 B2 51 6,008 Lacyeljo s
cel Bkl 955 aliol e Sl s wisd on sl
S8 aiws g 4 a9, .(5-7) wijle ,alls DNA 4
1 Slal 395 et 510308 (oo i 12 2
O U"‘“")T .Ia..w}:f as U»ULY 9 e g )é ooy asLll
LS 5 olye 4 (IARC) olb p o lims LI
Ol Whoad ganail (Ll sl Jlemt sliolb
(8.9) o5 oyl 5 8150 4,
N-nitrosodimethylamine (NDMA)
N-nitrosodiethylamine (NDEA)
N-nitrosodibutylamine (NDBA)
N-nitrosopiperidine (NPIP)
N-nitrosopyrrolidine (NPYR)

2 SlaS 5 ol 6l 00l e jlxe clale Sl
S 050 > Jls sl g Sl it 2lie glaos sl 8
25 bl ;o 0 39 #5950 055,50 1O NPYR
33 Lagaelis s olime e (10) conl ous 3155 59,
5 S i Sl Ol s a4 (2065 (slros sl 3
9 Vb Bran 4 az g b Grizmen 5 SlaS 5 ol 2ol e
YL cenl 5l 58 30 Wl By ugas (358159,
o Lol g, o ble (g, Sojlasilcul oy 5
Sz e S& plgie a0 Wilgs o 1565 slaos sl 3
Ga ] b ChS e 5 5 landss CedS L)
(1) 3,5 )13 x5 090 alisie (551,25 5515
gl ) Lagualjs s (plwlid 5 ol j9-late o
ilor 5 oIS s suxte slaibs, 3 2l oy calises
Jdo 4 (L1-13) 05 o 4235 0500 315 IS 55Leg,S
o 4o aiged SBb 3 Cealio g (allBL glgil 092
ay aioils o eal o i et 5 (alolid ol slaaiged
S x5S a5l 8 susie gl fol e 605,
B 5 G3lw ool Cgz abloe (s sla s,
2995 Lo glyel SoS 4 gl il adgl gl sl a6
Oley o= Gl o 4 (g, onl o allge Fge Jls
5 adged Gcwnd plod 4 Sl saen 3l 5195, sl
5 ke polde glpeiwl anl Bl sles @ 2l


http://nsft.sbmu.ac.ir/article-1-1605-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-11 ]

49

slagilajl shass ool s lie 4y oyl 51 Sy 0
Js—a=s Design expert v. 8.0.5 ,I; 81 o, 5 5l 3Ls 5,5
a5 00,5 eolaw! (Minneapolis, USA) 5l cuswl 8 i
3 1,55 slaw b o iabes T oslmil ioles1 30 > b o
o )y e Cod 53 Cald 50 5 8,5 plil L
s bl pomte 5 el 4 gl 2 Egaze
5 5155 sl by Ol (s (Soxio 5 i)
oy 5l oolaiwl b by cpel 59 5 (6 S0 5lail s Loy yo (sloosls
s Judo g a5 Excell 581

S S0l gy (3w pize sl—by9—ajl
TLa o] 39y cpats 5190 MAE-DLLME-GC-MS
b G058 Gt g (gl (Gomie o) ol
el o bl i bslos o (slaslne < is,
=859y el gt «reel Jitocs9959 %)
S 3393 s o939 «el3 939 7 (el JeS!
105 glaclale 1o (cmelditbiso5is i 5 ool Jiise
5590 y—d Lo s 0,5 Ls 200 4150 100 50 20
5 alonil b by o &yl Bl ol .85 )15 oolil
chale 4SS uwgw aiges loslatnl b 61,55 Liles)
g | coo 09 50 NG ML T 5 byl 59
sloslawl b oy, cdlsh aw o gawlxe b dy ploxl
5150ng ML Clale S (sloas dngs (mmgn (SA3ged
g 0 A8lal s Ojgmo d ol jo Lapalg s
Jodome (b5 ;5518 aloxs jolaio 4 0y ,5 dlons
20 10 5 2 slaclalé b ba el g2 bslis o it
S e 5lacs s Jgilie 5o 5 50 05 (e 40
30555 BC olfiws & oliiens j5b 0 13,500 3 L Jslone
patis a2 sl Cewd 4 (geal B (pouie 5 o S
sl 2 (LOQ) o e505hl a> 53 SIN ol (LOD)
L0 dunslel0 S/N

2 5l Sl @Y gams cados Sl oi s lhes el
CudgS g 08 CbgS el g g 55 90 50 &S
A0) sbj Gy b Jyhite o858 il slans s L e
s ) e Alold L aisb o (0o ,0 90 5 70 60 55
o Jlgt 53 50T olej B g Jasie olSitlesl & laciges
N[ I JES OV BRVRIC P RVE S I gt WP ES T P
(285 bl agi 5l 14 59, 50 Woaisas ples
A5 5Ll ilissl § (o2 liow—s Sl
ol SIS 50 ey 2S5 il e
($9) Dbl 5 il b 1350 ol (i 0 IS
Sy S bl sl a0 Y L (Sen
Nl g, ,5 (Merk, Darmstadt, Germany)

Cle 5 Laealig s saddsl o lusbial Jg-Loxs
5 stz sla Jotdore 8 .08 ,5 ags 2000pg mL™*
Joilie 55 adgl s it Joloms 5| qumslis Jloie 03,5 S
(OLall S o o83 jloads (g5l ,5) b (o diad 4g5
5y9m Ao 8 lsbnl ;ylyze an 10pg MLt bl o
o5 1006 1 5,LS Jolo ags cpa 8,5 1,5 oolicul
b o i 0T i ea 100 55 sl 3 1358 ol
Sl 0,8 2119 2 515 ol (sartd jslite 4 (izean
100 I o Sl ol i o 3 ol mam 4 (9,

ol o (gd o .0 ol ez 4y ylade <l b S e
W (6, by sbes jo o laibinl g (oloagd

Tyl 3 50 Jolge (g5l dinte 9 Giulo3l (2150
A 0550 Loyt (g5lwaingy 1 Ewly o g9y 4
Jacie g PH « —i5u Plo a2 peinl Pl o)
aw by, SeoS A g bl b S Gan b (S
5l eslazwl L 4 (Response Surface Methodology) Gl
5 ,s (Central composite design) ;5 o <5 e b
ol 1 Jpaz) iy el e ya ol il gl
Gl lizes molan Ol 5l e (am0 o Lis | Laosls

T 53ltings ot 5 1,356 L Jpur

to +1 0 -1
1000 825 650 475 (udg Sue) oy P> o> A
150 127/5 105 82/5 (s See) o2 Pl Pl pne B
9 715 6 4/5 pH C
15 1135 0775 0375 (5.,5) Soi D



http://nsft.sbmu.ac.ir/article-1-1605-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-11 ]

bl g Slaoy [ [ o appalio i gl ety See

50

badl e

Bl Koo sl b s 55e sl sl s e |
o2 9 €55 LI 5 g sladined ) Gl 95
PH 0o ity s e 5 £95 o5l Pl
S5 65 ol Sy g (25wl M g
ousS C‘JZ‘"‘"" J)L> &9; ‘M eLo—é:La Clj.z_u.o‘ﬁ)i.m
S ,5b T sl i o ik Dl s s
W15 5 GLlgAS 155 e B IST (2ol Pl g4 4
hgliio 053 5 18 iglogT 50 LSy bl cow oS
2553 ozl Pl s gl oeelio s Sy 5 o
g als | gl S ity py3s S 4 ol L
3 Ol g i gl 5o 1) e (GBS gileg S L8,
ol Gae Ly oo oo olis 500 sl Pl b avglis
chisginl Pl g5 a8 i3 Pl g e
O Vb s a5 ad 5 )18 ol 0 se sl 5 Job]
ol lias Jebl P (6,5, o L ) zlhsenl s o
Pl plo—e amy i i ay Jolls 08915 cal ol
)‘)_9 ool Sy9—0 u_..ul.yo ‘f..«.z.) J){_> 9 ‘f‘)?u_..q‘
Sl eolistwl bzl 5wl » 5o Jolge (g5lwainte s
b9y 2hLS = Sise Jelse ((RSM) gewly b (09,
Mj)ﬁ C)_b )| oolaz_ul L_J Ses )LLM 9 pH “5>|J7‘-*’|
LB (leiT 30 25k ol Billas o atge 635 5
5 plal 55 de latalesl ol plnil (635 5 bl 1,85
Design 158l ,5 51 eolatwl L saal s a5 slagaly
) Aolee (pgd a5 e S, 5l e ol Ll Expert
plod (o (ke ) phaw gome JS Gl b))l sl
s el Cawdds a0 polie can 5 Sl GlS
Y=+1.68 - 0.045A + 0.22B + 0.18C + 0.11D + 0.019AB -

0.056AC - 0.016AD + 0.030BC + 0.063BD -0.048CD -
0.053A%- 0.11B? - 0.054C? - 0.088D?

Sl 5 plsd (o (Hmbe 1l £geme TY
> B sy Plo o Az Fl el i
b e medw LIS Slaie I D g pH I C el Pl
g oedle anazr g b g dlslee cpl 285 Sl o b
e i Olgien e 8 sl ool Cews 4y a0
o i3 P ez g (Al Pl e o5 285

[l g (g sLadigas 50 Boyaal 9 i 5T
2 LB 5 g sladigad 5l el ss 2 gl 5o
) ,50100 035,15 JJaie) ool Cews 4y ey blis
9o, UL mocw 0 ,lS lade «;idg,See 500 g1 ,laie
S o5l 5 15 el iy sl (715 1, pH
Erz s 90035 (59 LB 5 g ladiges
T s 10 L ond ¢z digad s 0 E57 oS
lias B, b o o151 e, 515 5 uns 3 bglse late
o d Ao 10 jlobie o 0 (595 Sl
2 ol 0S5y L oads bglses Jsilie) (55,000
S5 0y9e SlaS 5 e Ee5 5 e pskiie 4 S
Zloal (o yme 0 aids U5 Coe 4 abiges (g9l 8,k
o dged (Bl ud SB 5l e 2858 50990k
B ooe asy g il Janl g ,md Lo 50 Sodly s8Il
e e aads jo 4904000 e, Ly g aads
4 (29) Sad 5Ll yo cpl 5l 28518 Gt il
Sloolwl Lo oTpH g ot Jfiie 6,500 oyeSILS
W) OASLM;) 7/5 ddc 4y ()YH 0/5) M‘ &,lfbw
5 (9iliasg B 1350 oaly) 15,05 Jslome 2 oo 1 s
rias gz (9, Dliwl) 25,18 Jolome sl e 1
Tsosee Jol> by Loee o aslsl T ay Lo iy,
(4000 rpm e ;s g 480 5 S ) W5 fouis sl
3 oeSls 4 )0 oud il Sligasy oges laz 5l e
sl plomil cgr Jolome ol i smgy Sas S5l
4o ools JLasl g yd Lo 19 (5SU6 @ 2l y5enls,
@ Oy 5l ooliiwl b g 0y )5 adlol T 4 muas 0 5 S
Do) 8585 55,500 100 s 0 bl 55
= Ao 0wl 10 pg ML™ of ;e 4 (oSl
Lol Jolome 4 (i Pl>) S5l 5,500 500 5 Jid
A (eel3s gl 5 03 sl ol sl p0 S
4 diges ol (ilulaz caa cdpdy plawl JT 56 0,0
O 9k 5w 4000 rpM Cae o o g aids 10 o
u_iaj_.w )‘ oolaz_wl LJ el .).)o)f |A> @Yb é)Lc )LS LL..J‘
ol ons rpiar JT 508 51 25,50 3 (605,500 10
ST lag S olfis &y et yb 4y A 5)50 U]

Rt


http://nsft.sbmu.ac.ir/article-1-1605-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-11 ]

51

1393 Jle oL oyles cpts Jlo co)lp) (2lie mlio § 435 pole aloes

5 79,500 500 iy Pl oy i o0 |, &l
x> Oy S e om 1 JSCs 0 S sualine 7/5 pH
Sl L ams oo plis 1) S jlade g o>l ysl P>
U sl Pl oz il g o011 b S e
el dalgs s a gl lade o piis g5 100
Ol PH 5 S &l lsie a0 ) Gl gl £ -1 IS

ol 0500 715 B pH alS g 0,011

Sy ) g

s JJarY
TN

gl pleadly jo e BB it g cute Jles S
IR
5t Ol pegdle bl Sk 65,5 4 0
eSS ailllaz cwyn g bt st i
Se2g0 o S wd ol oo ozl Pl Glewsly o LQQT
.0)5 odolie (gom 4w )“)9—“'; Ji 9 ‘) la i O
69 2 hPH 5 a5y Pl e oS 5 5l -1 s
Aoy i SISl Gl el caes oo lid uly

on pH

®

5 i Pl pon 1l sl s lsinln, anl 3 S5e lo e (o (135 000 (o 4w loges 1SS0
PH 3 i jlade iz Sas ladie g (15wl P> o> 1o PH

“\Jvu—ﬁ_-wu;f L

a7 F1 F1) Fi)

)

2

u“—*ﬁjﬂﬂ

(<)

= )

L) o diges g (o ksl G, 5 g0) Al SIM > 0 MAE-DLLME-GC-MS g, bawg gl 5ciul )l Jol> ol Sgileg .2 S
el 39,05 40 ng g cdale 51 (s st &, 5
(@) (NDMA), (b) (NMEA), (c) (NDEA), (d) (NPYR), (¢) (NPIP), (f) (NDBAY), (g) biphenyl (IS), (h) N- (NDPheA)


http://nsft.sbmu.ac.ir/article-1-1605-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-11 ]

bl g Slaoy [ [ o appalio i gl ety See

52

olpiing Uiy, LA 9 .oyl 1,8 3/5-5/4 o s
Ng g s eSojll o> §0/1-0/5 ng g oyl g s (sl
oleiing by, (o Cdlsh oo ail o 0/4-1/41
el o 4 83/9-109/4 Calisie slayalsg s sl
omizen 3l 0 152 L5 126 0 Ladss 956 luie
2 Lagisy plo b eoleiiny hs, (Smlts a6 anslin

sl 0 o0ls Lis 3 Jgax

<> MAE-DLLME-GC-MS g, Sl ol8
S5l e | Jol gl (Lol 9 ki (ot
0 03,91 2 Jgo> ,o MAE-DLLME-GC-MS 3,
T390 SlaS 5 Ol S lasiomie gy e
a0 b o e (] 45 das e olis ol o
0/1-200ng M __-Lli asgame s R=(0/96-0/99) YL

30 U9y (e o, lslin] Bl sl il so ot O ygo 4

Golgiing gy (Kl a5} 2 Jguar

b (oS greayt] S O LRSS A Aoy o lastiwl Bl sl W] -
-1 -1 1 N 4] Wgad
(ng mL™) Ll (ng g) (ng g) &bt () ons JECINN
0/1-200 131/8 1/4 05 108 35 0/9803 NDMA
0/1-200 152/8 1/4 0/4 109 36 0/9881 NMEA
0/1-200 144/0 1/0 03 109 5/4 0/9909 NDEA 5 Lpetsgs
0/1-200 148/1 019 02 93 319 0/9633 NPYR oLl
0/1-200 1401 08 02 92 43 0/9954 NPIP
0/1-200 142/5 0/4 il 88 47 0/9962 NDBA
0/1-200 126/0 0/6 il 83 48 0/9799 NDPheA
bty plo b goleiing (s, avslie .3 Jguar
oy o lastiwl Bl sl Ao,y LARiS d> S A b oS O H] dges £4 o9y
Sirad () o &bt (g g*) (g g*) (ng mL™)
0/9803 35 108/69 1/38 4/59 0/1-200 NDMA
0/9881 36 109/40 123 4/09 0/1-200 NMEA
0/9909 5/4 109/10 107 356 0/1-200 NDEA
0/9633 319 93/87 1/064 392 0/1-200 NPYR Ui
0/9954 43 72113 3146 11/54 0/1-200 NPIP Soleitey )
0/9962 4/68 78/32 1/6 5/33 0/1-200 NDBA
0/9799 48 83/99 1/45 4/883 0/1-200 NDPheA
0/999 7 84 0112 0136 25-500 NDMA
0/999 4 74 0/06 018 25-500 NMEA
0/999 7 80 0/06 018 25-500 NDEA
0/999 4 99 006 018 25-500 NPYR S5 geoogl sl 6 gl ly S
0/999 8 98 0/03 0/09 25-500 NDPA (13) oy
0/999 2 83 003 0/09 25-500 NPIP
0/999 7 105 001 0/03 25-500 NDBA
01967 - - 3186 16/71 - NDMA
0/982 - - 2132 10/04 - NDEA s S5 skes,s
0/996 - - 1/61 6/96 - NDPA 255 claos 518 olisng) (5L 180T
0/968 - - 215 9130 - NPYR (19) 39,08
01973 - - 1/98 8/56 - NPIP
01971 - - 2/46 10/63 - NDBA
- 9/4 79 0111 037 - NDMA Py
- 8/4 82 0/10 033 - NDEA 0) ’ ey
- 8l4 87 011 0135 - NPYR Sl ST S
- 81 86 0/10 0134 - NPIP
- 717 88 0/10 033 - NDBA



http://nsft.sbmu.ac.ir/article-1-1605-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-11 ]

53

Slado sleslaiwl Ly iy, Coro uiorad .l 00l
9 =)y )9 @L?o.:‘ 6L-°“49N ORI W aslsl ua.?c.m.o
oaal cams 4y ol S5y 5 2 U0 .285 15 )
O990) el ll, s e MAE-DLLME-GC-MS SLsSs
cdale 51 (o labul G, 5 L) o asges g (o lasbiwl G,y

il o logpel;g i 40 ng g

9 rrigus sLpaigad Elgil )0 Wacrul gy clile
18 (soleining b9, LS oloj)l solite 4 il
00 S 4,0 e 4,5 3 5l a L (gaSges

A b Con g o S s lps 0 (b5 slees gl b
ol 5 03 F 18 1S5 3 L MAE-DLLME-GC-MS
Loasiged ;3 05290 slagmsljo i 5l ous il (ks
03,51 4 Jgaz 10 oy p o0l 5l Jol> @l s S (3,158

cbale Sl solpiig b, 5l eoliiwl b olies 50 A5 3 g oIS 5 eswges 50 el e is zl el 5 Jol b 4 Jaua
(¢S5 2 Sk o +5D)

NDpA NBBA NPIP NPYR NDEA NMEA NDMA Jyams g5 a5
14771114 ND ND ND ND ND ND %60 cotgr LS
13140198 ND ND ND ND ND ND  $90 cusss Lobls
1704127 149/8+12/39 ND ND ND ND ND %90 . Loblls
630+424 1971129  10/10/98 ND ND ND ND 55 e s A
106/4+8/66  17/7+1/09 ND 2115:58)2  ND ND ND 55, ksss
0016193  24/8+1097  382+421  0/74:96  ND ND ND 70 css Josss

75+0065 100310183 15/1:194 75064 \D o 460 e s
64042 44I6+4129  10/4+0/74 ND ND ND ND  $90 cusss Lobls
331029 1208£1/07 129108 223118  ND ND ND %90 . Loblls
8/3:0/41  5400£3/56 5/1+0/39 ND ND ND ND Y55 cogs psss O
2142017 ND 7130145 ND ND ND ND 55, ksss
240116 876551  17/8+088  17/7+1/42  ND ND ND 70 csgs Jisss
128/4+9/34 ND 12/3+0/83 \D \D \D N B0cuss s
900176 27/5£2/59  139/3+8/64 ND ND ND ND %90 cusss Lobls
ND ND ND ND ND ND ND 490 ¢, LuLS
6/8:0/43 ND 132/4+14/47 ND ND ND ND 455 coys pses
2142019 ND 1060£7/94  139/9+8/78  ND ND ND 55, ksss
ND ND ND ND ND ND ND 70 cosys Jisss
o c8b:ND
WL TR

S5, Lo i ot Sl gosaline pogdle (g, (nl ,o
g ca 03ld ylas 3 oyl pgo ax 0 g Jline Sl
£90 4z, Jaw «ld (asrive a8l sy 0 a5 jeblen
Jo—e sldail o008 5 daie Laooly (g9,
9 Rz M w)_,o .Ia._.wj.: 6_33‘5 L;L_hoblo 9
50/96 51 5L R? o955 s ool o,Lis Adjusted-R’
lmosls s 598 (slatal, sbsS Adjusted-R*=0/96

oolliul b gl ol ySae 32 Fige Jolge (g 5lwainte
Vyans nsly gl 3,1 (RSM) gly gebaws (529
OBl jalaie an jsile (paiz oS F S gy p Gl
3oy e B4 0 pitte diz el S5 (sl e Ll
sloagiube;l ploul 5l 8 aigy alais Condge a5 olxil
b L R e polae ol o By 4 Lo e
WOS ell Slez ples (o |y spline 055l cd a5 il


http://nsft.sbmu.ac.ir/article-1-1605-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-11 ]

bl g Slaoy [ [ o appalio i gl ety See

54

I 5 Gz sladigad lgil 51 Lo el 35 2 gl 5
il s
slin oy Sz (i diged jO gy 2
5 Lagalis s (plalid (sl oo 4l by, (09
@l )15 3 b S OV game 5l gg 18 i slaaiges
3 il slaas ;o ghls Gl 5 (g Jolt
I8 Sl oy9 e bl 0 f e b 50,8 S
0351 57l aigai ;3 boinelio i 5 (& p lale s S
Sl 990 o lbiwl il (g, b byl sl o s
Ot Lagaaljsrid Sl s (e (omy 85 5118
S Soe Jsb 50 SlaS 5 onl jess Xy a5 ww3 e
Pl Glo oyt ol (saliBl az y3 4 (slas po Jpams
50 00d JuSid el 59, Slacie S Sl LS eo
Crizmed 9 005 03538 o b (i 4y (2355 (sloes 518
Ul (21) o)l (S Jo—ame ;o oailedl co s
Sz 4l S il ly BT s (65810 L ool s
aS ol las oglate CiieS wo o b S samxe wyp
(e a8 L) Lo usgs 50 Crolio i oS5 (50
bl 5l (i JR3 L) WL sladiges 5l i,
sk an LIS 6l A1 o ey pley e Job oS
oY aelw 2-1 yLoj @os 5l g oogs el 56 Lawgie
Sl Al @ 4 g by Sl i (g S ln
odd 03939l Lo s ol p (25 B Sl i
e o AT Lo |y el ol les se cbly azils
el Jgmame 53 mal (e 00d JSES (el
&9y 5 Slaadllas ;52009 Jlo yo 5 of)Sen 5 5 25n
asals s lyrn 50 0ud ad e Sl WS 5 g
255 sLwos ysl 8 15 o S i J1alS (e a5
L sloes 513 51 a8 o rarmags) 2aS 5 b aigead 5ol
5 g oy 52 (22) Sl (LIS ity ko
i e 45 0 et e dalllas 350 (glaulLS
soe s 5l G Laaiged (il 5l (o5 50 00 009331
|y o LSan 5 sl oo slpaczdly pol ol 45 341 5 Jilin
S polie ool 5 @ glinl ol Budou 5
sl gle ghalin, Gh9) 6xHl @ b ol o
s 3y 2] 655 4 a8 Jol> (DLLME) i,
S e galS  Jos Slol 5 g Sl 5 28 1l
A0 clbl gzl plej (2ol 5 so JT slo P>

pvalue Joo ol jo adlioe goleit Joe 5 o3l
4w sla loges .l F-value= 50/97 40/0001 ;I sos
o Ol (29 4 el ) late Jilite ST s
5 8550 900 oo o sl 003l o it st
slogingy, Glhe sal cavs 4 715 gslus pH 5 J5ib]
500 ;I pYLo slap—s> jl ooliwl (15 16) oo

Lo el 98 SV a8l s S5l 55 e
Ylazol 05,5 oo gl 5l 2Ll Sals 5 o saiges,o
2 P9 b sl SO slsul el 715 Ll pH
any Loaljs o JLisil aomti )5 055 oo Lol 39 2
IS e sl e e cao,0 116 S
Sl s an el olams e Gl | bl 39 20
4 Loyl 9,00 Joled iol8l axs o 4 salting out
Jsloes g 08 aalsdl 51 s JT Pl s gl,5el
5 Seas cile s e (3l 51(17) sl S
G Lol j0 000 5 caalie Jaw (pl jo i PH polie
el s 4 75 L I pH

> MAE-DLLME-GC-MS g, (g5l ysizo
Stz LA g (prigun 30 (el 59 il (yamtd
P9y (Kl LB )l da gy S (55l piae
8L (g0 i (s S5 el soleiin
I3 bl s owan 3i50 e 9> g pais v dadlis
Fxl glachle 0 oS o YL Sod (o0 285
St by dbaisl 505, LS C bl wnse La el i
g Cdo abl oo diged ;0 DluS 5 ol oS slocdale o
deoyd oS palie co a5 () cenlie (5200155
5 38l 4 azgi b o, Sl 4y s o il Gyl
Coil Jlacie U bagsealys s oo adlal e s (So0)5
oo 4S5 885 aml )lg oo aiges ST 50 byl ool
9 UAM Sgd> ML)GJ J9_.~5 J)LB Lg).*fo)Lb‘ U"’ﬁ)
S S 1y Gy 98 Skl ooleidn gy e
a5 slrod sl )0 bagreslis i ezl o ol
9y o Sbl b amo s Joud LB yolie ile, L]
S5 6 i b pae sLsS MAE-DLLME-GC-MS
N sl iy, b (goleiday (g, (Kl o)1 alis
St @Y bl goloiiy by, 45 sms e plis


http://nsft.sbmu.ac.ir/article-1-1605-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-11 ]

95

)—i?.‘) 6L-°ui’5) L 6°L€r“*~*’ o9y ‘;WL“ ﬁls)‘ ds Lo
I 5 Gz sladigas glyil 5l Laal s s gl 5!
s,
&l Sl

3 6‘4_?.‘;*3 & .." . ..".. ~| ES :3}?: rB .- @5LM ).‘
5 5ot Il slacoles [bLs 4 0jsiS i mlio

g oo 10,08

e References

1. Noel P, Briand E, Dumont J. Role of nitrite in
flavour development in uncooked cured meat
products:  sensory  assessment. Meat Sci
1990;28(1):1-8.

2. Honikel K-O. The use and control of nitrate and
nitrite for the processing of meatproducts. Meat
Sci 2008;78(1):68-76.

3. Masuda M, Mower HF, Pignatelli B, Celan I,
Friesen MD, Nishino H, et al. Formation of N-
nitrosamines and N-nitramines by the reaction of
secondary amines with peroxynitrite and other
reactive nitrogen species: comparison with
nitrotyrosine  formation. Chem Res Toxic
2000;13(4):3018.

4. Drabik-Markiewicz G, Dejaegher B, De Mey E,
Impens S, Kowalska T, Paelinck H, et al.
Evaluation of the influence of proline,
hydroxyproline or pyrrolidine in the presence of
sodium nitrite  on< i>  N</i>-nitrosamine
formation when heating curedMeat. Anal Chim
Acta 2010;657(2):123-30.

5. Jakszyn P, Gonzalez CA. Nitrosamine and related
food intake and gastric and oesophageal cancer
risk: a systematic review of the epidemiological
evidence. World J. Gastroenterol 2006;12 (27):
4296-303.

6. Radomski J, Greenwald D, Hearn W, Block N,
Woods F. Nitrosamine formation in bladder
infections and its role in the etiology of bladder
cancer. The J.urology, 1978;120(1):48-50

7. Byun MW, Ahn HJ, Kim JH, Lee JW, Yook HS,
Han SB. Determination of volatile<i> N</i>-
nitrosamines in irradiated fermented sausage by
gas chromatography coupled to a thermal energy
analyzer. J. Chromatogr. A, 2004;1054(1):403-7.

8. Tricker A, Perkins M, Massey R, Bishop C, Key P,
McWeeny D. Incidence of some non-volatile N-
nitroso compounds in cured meats. Food Addit
Contam1984;1(3):245-52

9. Carter R. IARC Monographs on the Evaluation of
the Carcinogenic Risk of Chemicalsto Humans. J.
Clin. Pathol, 1980;33 (1):98.

o Ly S5 ol i ol o (o izmon 0 S
Sl ST ol e 4y YUy 0, Shos Ly (555 (3,5 leg,S
2 Sy e doaised BT Sz (ayz (5 ke !
i S ie olaS 3 gl Al s s s slaaris
Sul B o OS50 e el (gslwaisge caddlae cnl o
"4k 2 (RSM) el haws (092 3l oolinnl L gl el
sy 4 4385 LS 4, (CCD) (55 blia Jaa s

sladale oai g ololl oz 0 p,5 coilB olpiay

10. USDA. US Code of Federal Regulations, Food
Safety and Inspection Service, USDA 2004,
Certain other permitted uses, 9 CFR Ch. Ill (1-1-
03 ed).

11. Andrade R, Reyes FG, Rath S. A method for the
determination of volatile< i>N</i>-nitrosamines
in food by HS-SPME-GC-TEA. Food chem
2005;91(1):173-9

12. Campillo N, Vifas P, Martinez-Castillo N,
Herndndez-Cdrdoba M. Determination of volatile
nitrosamines in meat products by microwave-
assisted extraction and dispersive liquid-liquid
microextraction coupled to gas chromatography—
mass  spectrometry. J.  Chromatogr. A,
2011;1218(14):1815-21.

13. Huang M-C, Chen H-C, Fu S-C, Ding W-H.
Determination of volatile N-nitrosamines in meat
products by microwave-assisted extraction
coupled with dispersive micro solid-phase
extraction and gas chromatography — Chemical
ionisation mass spectrometry. Food Chem
2013;138(1):227-33.

14. Yurchenko S, Molder U. The occurrence of
volatile< i> N</i>-nitrosamines in Estonian meat
products. Food chem 2007;100(4):1713-21.

15. Ghasemzadeh-Mohammadi V, Mohammadi A,
Hashemi M, Khaksar R, Haratian P.Microwave-
assisted extraction and dispersive liquid-liquid
microextraction followed by gas chromatography—
mass spectrometry for isolation and determination
of polycyclic aromatic hydrocarbons in smoked
fish. J. Chromatogr. A, 2012;1237(0):30-6.

16. Kamankesh M, Mohammadi A, Modarres Tehrani
Z, Ferdowsi R, Hosseini H. Dispersive liquid-
liguid microextraction followed by high-
performance  liquid  chromatography  for
determination of benzoate and sorbate in yogurt
drinks and method optimization by central
composite design. Talanta, 2013;109:46-51.

17. Mohammadi A, Tavakoli R, Kamankesh M,
Rashedi H, Attaran A, Delavar M. Enzyme-


http://nsft.sbmu.ac.ir/article-1-1605-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-11 ]

bl g Slaoy [ [ o appalio i gl ety Soe

56

assisted extraction and ionic liquid-based
dispersive liquid-liquid microextraction followed
by high- performance liquid chromatography for
determination of patulin in apple juice and method
optimization using central composite design.
Analytica chimica acta. 2013;804:104- 110.

18. Rezaee M, Assadi Y, Milani Hosseini M-R,
Aghaee E, Ahmadi F, Berijani S. Determination
of organic compounds in water using dispersive
liquid-liquid microextraction. J. Chromatogr. A,
2006;1116(1):1-9.

19. Ozel MZ, Gogus F, Yagci S, Hamilton JF, Lewis
AC. Determination of volatile nitrosamines in
various meat products using comprehensive gas
chromatography-nitrogen chemiluminescence
detection. Food Chem Toxicol 2010;48(11):3268-
73.

20. Yurchenko S, Molder U. Volatile N-Nitrosamines
in various fish products. Food chem
2006;96(2):325-33.

21. Sebranek JG, Bacus JN. Cured meat products
without direct addition of nitrate or nitrite: what
are the issues? Meat science. 2007;77(1):136-47

22. Yaghoubifar MA, Shakernejad A, Akaberi, A.
Comparison of the Quality and safety of Sausage
and Salami with Standards in Sabzevar Iran.
Journal of Sabzevar University of Medical
Sciences 2009; 16(2): 114-120 [in Persian].

23. Mirzaii H, Hoseiny H, Rokny N. Curve of the
reduction of nitrite in meat sausages containing
90, 60, 40% meat during storage. Journal of Iran
Food and Sciences 2007; 4(3): 41-46 [in Persian].


http://nsft.sbmu.ac.ir/article-1-1605-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-07-11 ]

Iranian Journal of Nutrition Sciences & Food Technology 57
Vol. 9, No. 1, Spring 2014

Microextraction and determination of nitrosamines in sausage and salami in Tehran
market using gas chromatography-mass spectrometry

Ramezani H', Kamankesh M?, Hoseiny H*, Ghasemzadeh V*, Mohammadi A**

1- M.Sc Student in Food Science and Technology, National Nutrition and Food Technology Research Institute, Faculty of
Nutrition Sciences and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran

2- M.Sc in Chemistry, Faculty of Science, Alzahra University, Tehran, Iran

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

4. Ph.D Student in Food Science and Technology, National Nutrition and Food Technology Research Institute, Faculty of Nutrition
Sciences and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran

5- *Corresponding author: Assistant prof, Dept. of Food Science and Technology, National Nutrition and Food Technology
Research Institute, Faculty of Nutrition Sciences and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran,
Iran. Email: ab.mohammadi@sbmu.ac.ir

Received 7 Jun, 2014 Accepted 3 Mar, 2014

Background and Objective: Nitrosamines are produced during processing of meat products from the
presence of nitrite and amine compounds; these compounds are mutagenic and carcinogenic. The present
study optimized and determined the level of nitrosamines in sausage and salami samples in Tehran
markets using microwave-assisted extraction and dispersive liquid-liquid microextraction followed by gas
chromatography-mass spectrometry (MAE-DLLME-GC-MS), which is a fast, low-cost and precise
method.

Materials and Methods: The nitrosamine extraction was optimized using response surface methodology
and a central composite design with 6 replications at the center point. The figures of merit of the proposed
method were then evaluated. The proposed method was used to determine the nitrosamine levels in 18
samples at 3 factories of major producers of meat products in Tehran. One-way ANOVA was the
statistical method used in this study.

Results: The optimum volume of extraction solvent (100 pl), disperser solvent (500 pl), salt (11%), and
the pH (7.5) were obtained. The figures of merit for the proposed method under optimum conditions were
in the appropriate range. The lowest and highest concentrations of nitrosamines in real samples were 0.46
and 195 ng g%, respectively.

Conclusion: The capability and reliability of MAE-DLLME-GC-MS as a simple and fast method for trace
determination of nitrosamines in sausage and salami samples was confirmed over the results of other
methods.

Keywords: Sausage and salami, Nitrosamines, Microwave-assisted extraction, Dispersive liquid-liquid
microextraction, Gas chromatography-mass spectrometry
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