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1.Volatile N-nitrosamines

2. Polycyclic aromatic hydrocarbons

3. N-nitrosodimethylamine (NDMA)

4. N-nitrosopyrrolidine (NPYR)

5. N-nitrosopiperidine (NPIP)

6. Dispersive liquid-liquid micro-extraction

7. Benzo[a] pyrene

8. Benzo[a] anthracene

9. Solid phase extraction

10. Gas chromatography equipped with flame ionization detector
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12. N-Nitrosodiethylamine
13. N-Nitrosodi-n-butylamine
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24. Benzo (g, h, i) perylene

25. Indeno(1,2,3-cd) pyrene
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Table 1 Effect of thermal processes on benzo[a] anthracene content (ug/kg) of smoked cocktail

Processing me
Control 0.26+0.01" 0.43+0.01° 0.32+0.02°
Boiling 0.26+0.03" 0.44+0.01¢ 0.32+0.04°
Deep Frying 0.69+0.02° 1.12+0.04" 0.81+0.02°

Values are the means + standard deviations (n=3).
Different letters represent significant differences among means (P < 0.05).
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process method

Fig 1 Schematic comparison of relationship
between benzo[a] anthracene content, commercial
brand and cooking method of smoked cocktail
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Table 2 Effect of thermal processes on benzo[a]pyrene content (ug/kg) of smoked cocktail

Processing me
Control 0.34+0.01" 0.70:£0.02° 0.54+0.01°
Boiling 0.36+0.01" 0.77+0.03¢ 0.56:+0.02°
Deep Frying 1.18+0.03° 1.97+0.05" 1.61+0.02°

Values are the means + standard deviations (n=3).
Different letters represent significant differences among means (P < 0.05).
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Table 3 Effect of thermal processes on N-nitrosopiperidine content (ug/kg) of smoked cocktail

Processing me
Control 0.34+0.02° 0.28+0.01° 0.21+0.01°
Boiling 0.35+0.01° 0.32:0.02¢ 0.23+0.01°
Deep Frying 0.44+0.03" 0.39+0.03° 0.30:£0.02¢

Values are the means + standard deviations (n=3).
Different letters represent significant differences among means (P < 0.05).
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Table 4 Effect of thermal processes on N-nitrosopyrrolidine content (ug/kg) of smoked cocktail

Processing me
Control 2.65+0.05° 3.71+0.04° 1.26+0.03"
Boiling 2.85+0.03¢ 4.06+0.05¢ 1.49+0.02°
Deep Frying 7.53+0.08" 10.13+0.18° 7.42+0.14°

Values are the means + standard deviations (n=3).
Different letters represent significant differences among means (P < 0.05).
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Table 5 Effect of thermal processes on N-nitrosodimethylamine content (ug/kg) of smoked cocktail

Processing me
Srocsingmebet” A B c
Control 1.850.03¢ 2.47+0.037  0.94+0.01"
Boiling 1.89:£0.03¢ 2.56+0.02¢  0.94+0.01"
Deep Frying 5.81+0.16° 6.46+0.11*  2.83+0.09°

Values are the means + standard deviations (n=3).
Different letters represent significant differences among means (P < 0.05).

ool L aelis > 1055 NDMA 51 6 53 0l
5 il s mi NPYR Laws pos 0503l 5550 K00 slo
A S 15 e sbees; 5> s 5« NPIP ; NDMA
Sladisad 53 Gl Jie 63 Sus Slsmee lasal 0 IS
B i, sbeased 0 IS5 gb das e 0L 1 eds Sl
Sloee VW Gras 035 Fe s w4 ol ESTIE
Gk o & o sl gad 5 ol [y ol e (53 55 55
Al 13 ey gl 3w C A

23y b (Gl ) pSsn s S T

5 BB slie Al o3 55 slacpel Sl e Ll e

\Yo

Slag,l S aodes dilen 0 ot laesls 4 e 55
Gy NPYR s NPIP  gla ool 5 (glail> i
S DULE g ) 4 0515 5w e 5 NDMA
Salite s 035 5 gy S 53 5,5 o o
Lads sas aens NDMA 5 sxe (2l53l Comse 5 0l 1)
A

by o NDMA 05w 28 5 o 2l
C 5 (5SS 5,5 WY e e B iy glad s
25 O g lad s (oS 5 STp 55 Sen 1 8E)
Sl (S5 S Kos dip 52 b anlin 2 B X gladi s



Gpes 035 F 5 OLLE e 5L ) 2

QUKA.A 9 e.)b'b'ﬂ LSJ"@‘

Ol g Slas S ek gad Bk 51 L(P </00) Wy
G ARSI bt sl b gl e D8 555,500
NPYR ;NDEA . NDMA sl sims il Csl 055
SAR WY RIB comse 4l 53 035 7w romen LS
S b ol Bl llee s ¢ geme s s NPYR
Sl Ghamle Gl fss 25,500 5 0lli s gl )
i asde plole JA] Lop e (sl fes i S
S ol S5 s g Oy b 3 g8 & bl
s S 55 03,5 F e Ll o

s NPYR e & ws jasnie K adlas o
38 o3 038 e U Co o35 Ole « NDMA
Y]

Slaimlis i Ol fes b (Y18) OLKea 5 oS
335555 = N ANDMA) pl Jze (63555,5%) il
sz N (NDEA)..i i
(NDBA)l 155 353525 -N « "(NDPA) el
(NPIP) et smwsis 25 5 NPYR) pods s 2-N

833395

(S (353 wdd sl e @l Ci ) ci S el
ol a5 Wy e pl a4 (oS 5 ek e
S laaiged 3 apmslis s gl Ol 53 (sl ixe
ol Gl Gl dmld Jlsl b Ll Gl s ot
Oe oMoy 55 My i obime sobe LSS
Ll 5l @sss <50 55 NPIP , NPYR NDMA
3 oAEE e 5 S 655 OF 5l ey 5 La gy ey a5l
DIVI a5 1% sday glaas,

Jpams S s NPYR; NDMA wi, ke
s bz (BIBIL 5 55 e esls Syl = Yoo TC G
(NDMA 5 los by o (2ol e O s
s aviaet °C i, NPIP ; NPYR NDEA
G50 U oy el s Res e sylse ol Lol YAV
ol e oesdle 3L axdls RE Calte gla el Sl
o U sbomla 0SS5
"(NPRO) s 555,55 5 (NSAR) 558 basss o
s NPYR w13 glsl sk GRI580 s Wils
[¥1] .:L NDMA

34. N-Nitrosodipropylamine
35. N-Nitrososarcosine
36.N-nitrosoproline

AAA

sl Sy GBS ea Sl (See b slacealss 5
Sl ok 2 gk S5 2355 glaens T8 e el
Gles 5 Ol il &S il el esls Ol da sl
borelis i Slsmme Sl Eol 038 5 Olilagr
By b bomlis s 6 SISE b3 RlBl ol sk
SRIB S BE s S oas e S gl 5 i
ol el gl S ar sbes S L S s S5
Dias SladenS 5 Npde i W sles > S
33 sy ge 31 Glacwel o BT Ll &5 S e sl
Llge ol bed (@l ool s 50 L ke
e bodes GBI Oplis s gladnl e
o Joate oS35 a5 K0 plal 5l AST 035 55 5lele
Sy 355 Gealisys A5 bl e s 5 by
5 5 b e sl S 5o bacalis s 5l s a8

A b g N3 SLS 5l 04 J

Estimated Marginal Means of nitrose di metil amin

sample
name
A
-B
.00 A c
2]
Fg
/
/
w
c
=
@
=
]
£ 400
o
=
= !
= b
- ’
2 / //
o — — @ /
£ /
B 200 /
o B —
00—
T T T
No Process Buoiling Deep frying in 171 d.c

process method

Fig 5 Schematic comparison of relationship
between N-nitrosodimethylamine content,
commercial brand and cooking method of smoked
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Keywords: this study, samples of smoked beef cocktail (55%) were randomly obtained from
three reputable companies (20 samples from each brand) from protein supply
Smoked cocktail, centers in Kermanshah. Then, the amounts of three types of nitrosamines
Nitrosamine, including N-nitrosodimethylamine (NDMA), N-nitrosopyrrolidine (NPYR) and
Polycyclic aromatic N-nitrosopiperidine (NPIP) after extraction by dispersive liquid-liquid micro-
hydrpcarbons, extraction (DLLME) and two PAHs including benzo[a] pyrene (Bap) and
Boiling, benzo[a] anthracene (Ban) after separation by solid phase extraction method

Deep frying. (SPE) were measured in samples cooked via two methods of boiling and deep
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FID ). Based on the results, deep frying led to a significant increase in the amount
of both nitrosamines and PAHs. However, the content of these compounds in the
DOR:20.1001.1.20088787.1400.18.121.8.2  gamples processed by boiling method was not statistically different from the

control sample (p >0.05). Different brands also contained different amounts of
*Corresponding Author E-Mail: nitrosamines and PAHs. Therefore, boiling method can be considered as a suitable
ehsan.sadeghi59@yahoo.com and safe method for cooking meat and meat products.

10.52547/fsct.18.121.10

Y4



