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sample matrix interference and gives very good enrichment 
factors (126–152).
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Introduction

N-nitrosamines (NAs) are unintentional by-products dur-
ing food processing, which are formed by their action 
between secondary amines and nitrosating agents (such as 
nitrites and oxides of nitrogen) [1]. In addition, they may 
be formed through microbial reactions. Nitrites and nitrates 
are commonly used in the manufacturing of meat products 
to generate desirable color, texture, and flavor, as well as to 
increase the shelf life and to prevent from rancidity during 
storage [2–4]. The formation of NAs depends on the cook-
ing method, temperature, time, concentration of nitrite, 
content of catalysts, and inhibitors [2, 4, 5]. The NAs pro-
mote the cell growth, thereby inducing the tumors in vivo, 
especially in liver, lung, esophagus, bladder, and pancreas 
[6]. A number of NAs, which increase the cancer risk in 
humans, have been classified by International Agency for 
Research on Cancer [7]. In 1987, the IARC have thought 
over N-nitrosodimethylamine (NDMA) and N-nitrosodi-
ethylamine (NDEA) are probably carcinogenic to human, 
and N-nitrosodibutylamine (NDBA), N-nitrosopiperidine 
(NPIP), N-nitrosopyrrolidine (NPYR), N-nitrosomorpho-
line (NMOR), N-nitrosodi-n-propylamine (NDPA), and 
N-nitrosodiphenylamine (NDPheA) are possibly a carcino-
gen for human [8]. Hence, monitoring programs have been 
carried out in many countries to track the levels of volatile 
NAs in food. For example, a maximum level of 10 µg kg−1 
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body weight (bw) per day for NPYR in retail food products 
has been set in the USA [9].

Nitrosamines are classified to volatile and nonvolatile. 
Volatile nitrosamine compounds that are nonpolar and have 
low molecular weight are separated via distillation from 
foods. In meat products (e.g., sausage and salami), the NAs 
are linked to proteins and other materials, which makes the 
extraction of NAs a difficult work. Furthermore, because of 
the low contents of NAs in meat products, several precon-
centration steps are required in their analytical procedures 
[10]. Mostly, primary extraction is necessary for isolation of 
analytes from solid samples. Alkaline extraction with ther-
mal treatment can be utilized, as an established technique, 
to release the analytes from solid samples. However, this 
approach is a time-consuming step. Microwave-assisted 
extraction (MAE) has been exploited for the extraction of 
compounds from complex matrices; this method shows clear 
advantages such as reducing the extraction time [11]. MAE 
is a process that employs microwave energy to heat polar 
solvents in the vicinity of a sample, in order to release the 
analytes from the sample matrix into the solvent. Vacuum 
mineral oil distillation procedure [12] and solid-phase extrac-
tion [13, 14] are general methods of NAs analysis in meat 
products. Combination of techniques, for instance, alkaline 
extraction and distillation followed by liquid–liquid extrac-
tion (LLE) [5], and two-step solid-phase extraction (SPE) 
with Extrelut and Florisil as sorbents [10] have been also 
reported for this aim. LLE consumes large amounts of toxic 
and expensive organic solvents and is a time-consuming 
method [15, 16]. Usually, SPE uses less solvent than LLE, 
but it needs specific columns and there is the risk of contami-
nation, loss of analytes, and decrease of analytical precision.

In recent years, the efficient separation of analytes 
from matrices, using small amounts of solvents, has been 
the main purpose of every sample preparation method. 
Therefore, analytical researchers have been looking for 
approaches with less consumption of toxic organic sol-
vents [17–19]. Consequently, microextraction techniques 
were considered. Solid-phase microextraction (SPME) 
[20], headspace solid-phase microextraction (HS-SPME) 
[21], microwave-assisted extraction with dispersive liq-
uid–liquid microextraction (MAE–DLLME) [22], and dis-
persive microsolid-phase extraction (D-µ-SPE) [23] were 
developed to determine the NAs in meat products and other 
complex matrices [24–28].

Dispersive liquid–liquid microextraction (DLLME), 
introduced in 2006 by Assadi et al. was exploited for deter-
mination of organic and inorganic analytes [29] and other 
compounds, due to simplicity, low organic solvent con-
sumption, low cost, and facility [30–32]. This technique 
was performed with various solvents, even with ionic liq-
uids as extractor solvents [33, 34]. DLLME is based on 
a ternary component solvent system for the isolation and 

preconcentration of analytes from the aqueous matrices. 
Extraction and disperser solvents are rapidly injected into 
the aqueous sample to form a cloudy solution, and equilib-
rium is quickly reached. In spite of the benefits of DLLME 
technique, like rapidity and ease of use, its application to 
solid samples is a challenging work. According to our pre-
vious research and other reports, the combination of MAE 
and DLLME is an attractive and economical tool for extrac-
tion of analytes from complicated samples [35]. MAE–
DLLME could be the best way to extract NAs from solid 
food, since it offers favorable repeatability, high recovery, 
and large enrichment factor within a shorter time, and also 
it is simple and inexpensive.

The objective of this study was to apply and optimize 
a new method based on microwave-assisted extraction 
coupled with dispersive liquid–liquid microextraction fol-
lowed by gas chromatography–mass spectrometry (MAE–
DLLME–GC–MS) for determination of nitrosamines in 
sausage and salami. The volumes of extraction and dis-
perser solvents, pH, and salt amount were optimized using 
response surface methodology (RSM) based on a central 
composite design (CCD). The proposed method was suc-
cessfully applied to the analysis of trace amounts of 7 NAs 
in sausage and salami samples.

Materials and methods

Reagents and standards

A standard mixture stock solution (2,000 µg mL−1) of 
NDMA, NDEA, NDBA, NMEA, NPIP, NDPheA, and 
NPYR was purchased from Supelco (Harrison Road/
Bellefonte, USA). A standard solution (100 µg mL−1) 
of 7 NAs was prepared in methanol. Stock and working 
solutions were kept in refrigerator at 4 °C. Ethyl alcohol 
(99.6 %) was supplied by Bidestan Company (Qazvin, 
Iran), and chloroform, hydrochloric acid, methanol, potas-
sium hydroxide, and sodium chloride were acquired from 
Merck (Darmstadt, Germany). Potassium ferrocyanide and 
zinc acetate were obtained from Panreac (Belzhike). To 
prepare carrez solution I, 10.6 g of ferrocyanide was dis-
solved in 100 mL with distilled water. Carrez solution II 
was prepared by mixing 21.9 g of zinc acetate with 3 mL 
of acetic acid, and then, the volume of the solution was 
adjusted to 100 mL via distilled water. Biphenyl (Merck) 
was employed as internal standard and prepared in metha-
nol at a concentration of 100 µg mL−1.

Instrumentation

In order to determine the nitrosamines, a gas chroma-
tography–mass spectrometer (GC–MS), equipped with 
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a 7890A gas chromatography (GC) system from Agi-
lent Technologies (Palo Alto, CA, USA), a split/splitless 
injection port, and a 5975C inert mass selective detector 
(MSD) network, was utilized. A HP-5MS capillary column 
(30 m × 0.25 mm, ID; 0.25 µg, film thickness) was to sep-
arate the compounds. The temperature program started at 
70 °C for 15 min was raised to 76 °C with a ramp of 3 °C 
min−1, held for 1 min, increased to 280 at 30 °C min−1, and 
held for 8 min under the helium flow rate of 0.8 mL min−1 
in the split mode (1:50 ratio). About 3 µL of the sample 
was injected into in the split mode to GC–MS. The auxil-
iary and injector temperatures were fixed at 280 °C. The 
compounds were quantified in the selected ion monitor-
ing (SIM) mode, and one qualifier ion was chosen for each 
compound. A Centrifuge (HeltichRotorfix 32A) with the 
speed of 4,000 rpm was used to separate the mixture com-
ponents. A microwave oven (Delonghi type MW 602) was 
applied to accelerating the alkaline hydrolysis and primary 
extraction.

Experimental design

The RSM was employed to determine the optimal values 
for experimental variables. The experimental response (Y) 
in RSM is assumed to be a function of independent vari-
ables. In this study, the most effective independent factors 
on the DLLME technique, including disperser solvent 
volume (A), extraction solvent volume (B), pH (C), and 
amount of NaCl (D), were chosen according to the litera-
ture and the preliminary experiments. The CCD (full, and 
with alpha = 2) was to reach values of these factors as well 
as the best response. The above parameters (A, B, C, and 
D) were tested at five levels. Table 1 illustrates the factors 
and their levels.

The response surface design is constructed from several 
superimposed designs and composed of a factorial design 
(2f), which is augmented with 2ƒ star points and central 
points, where f is the number of factors that should be opti-
mized. The total experimental points required (N) are deter-
mined by means of the equation N = 2f + 2ƒ + n [36, 37]. 
Our design was consisted of six replicates of the point and 
included 30 randomly performed experiments. For each 
experiment, three replicate extractions and quantitative 
measurements were conducted. A quadratic polynomial 

model (Eq. 1) was obtained to predict the response of the 
dependent variable for extraction of the NAs from the 
samples:

wherein Y is the dependent variable, xi is the independ-
ent variable, b0 is the constant coefficient, bi is the coeffi-
cient of linear effect, and bij is the coefficient of interaction 
effect. To achieve the most desirable extraction efficiency, 
the sum of the peak area ratios of NDMA, NDEA, NPYR, 
NPIP, NDBA, and NDPheA to the internal standard was 
exploited as the GC response. The sum of the GC responses 
for all of the extracted compounds was considered as the 
total GC response, to evaluate the extraction efficiency 
under different conditions. The software package Design-
Expert 8.0.5 (Minneapolis, USA) was used to analyze the 
data, and the suggested quadratic model was employed to 
find the most important influences and interactions.

Sample preparation

A dry cured 70 % sausage was purchased from a supermar-
ket and ground in a blender. A total of 150 g of this sample 
was mixed with 100 mL water and 100 µL of the mixed 
working standard solution (100 µg mL−1). The mixture was 
stirred with a shaker and put in the refrigerator (4 °C) for 
48 h to dry. After that, it was extracted in various condi-
tions according to the experimental design. Under the 
optimized conditions, 1.5 g of the homogenized sample 
was moved into a glass container, 10 mL of a hydrolyzing 
solution, composed of 2 mol L−1 potassium hydroxide and 
methanol (80:20), was added to it, and the glass was closed 
tightly afterward. The sample was placed in a microwave at 
500 MHz for 1.5 min to undergo hydrolysis and saponifi-
cation. Then, it was cooled, transferred into the centrifuge 
tube, and centrifuged at 4,000 rpm for 10 min. After sepa-
rating the two phases, the aqueous phase was transported to 
another vessel and its pH was adjusted to 7.5 by the addi-
tion of hydrochloric acid (10, 5, 1, and 0.1 N). At the end, 
1 mL of carrez solution I and 1 mL of carrez solution II 
were added into the vessel, and the vessel was centrifuged 
at 4,000 rpm for 10 min to precipitate the proteins.

(1)Y =

4∑

i=1

bixi +

6∑

ij=1(i �=j)

bijxixj +

4∑

i=1

bijx
2

i

Table 1  Symbol and 
experimental range of the 
variables in the CCD

Symbol Parameter Variable levels

−α (low) −1 0 +1 +α (High)

A Disperser solvent volume (µL) 300 475 650 825 1,000

B Extraction solvent volume (µL) 60 82.5 105 127.5 150

C pH 3 4.5 6 7.5 9

D Salt (g) 0 0.375 0.75 1.135 1.5
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Following the preliminary extraction and centrifuga-
tion, the clear phase was separated, 1.1 g sodium chloride 
was added into the vessel, and the vessel was shaken com-
pletely. The DLLME solution, containing 110 µL of chlo-
roform as the extracting solvent, 500 µL of ethanol as the 
disperser solvent, and 1 µL of biphenyl (100 µg mL−1) as 
the internal standard, was injected to the vessel. The mix-
ture was stirred gently by means of a shaker and then cen-
trifuged at 4,000 rpm for 10 min. The dispersed particles 
of the extractor phase were settled at the bottom of the ves-
sel, and approximately 3 µL of the sediment was injected 
directly into the GC–MS through a microsyringe.

Results and discussion

The ability to heat the solvents and samples quickly is the 
intrinsic characteristic and the principal advantage of the 
MAE technique. Usually, the amount of solvent consump-
tion in this method is 10 times less than conventional tech-
niques, and a typical extraction procedure (using MAE) 
takes 15–30 min. To reach an optimal extraction process, 
choosing an appropriate solvent is essential. Special atten-
tion must be given to the microwave absorbing properties 
of a solvent, the interaction of the solvent with sample, and 
the solubility of analytes in the solvent. The solvent should 
have high selectivity toward the target analytes and hinder 
the release of unwanted matrix elements. Generally, alka-
line digestion is for the hydrolysis of food matrices [5]. For 
MAE process, we applied various combinations of KOH 
(2 mol L−1) and MeOH. The most favorable result was 
obtained when the ratio of KOH to MeOH in the hydrolyz-
ing solution was 80:20. After early digestion, carrez solu-
tions were added. The carrez I and II solutions have been 
exploited as effective agents to precipitate proteins in com-
plex matrices [38].

Optimization of DLLME process

In DLLME method, some factors must be considered for 
the selection of extracting solvent. The most fundamental 
factors are high/low density (typically compared to water), 
low polarity, good chromatographic behavior, high extrac-
tion capability, high purity, and large partition coefficient 
for NAs [22, 39]. For this purpose, three organic solvents, 
comprising ethylene tetrachloride, carbon tetrachloride, 
and chloroform, were examined to choose the best solvent 
for the extraction of the NAs from the samples. When car-
bon tetrachloride was applied, some peaks (e.g., the peaks 
of NDMA and NMEA) were not detectable. On the other 
hand, when chloroform was employed as the extracting 
solvent, the most desirable results were attained. These 
results were presumably related to the higher polarity of 

chloroform compared with other solvents [40]. Thus, chlo-
roform was selected as extracting solvent. Moreover, ace-
tonitrile, ethanol, and acetone were explored to choose 
the disperser solvent, with chloroform as the extracting 
solvent. Ethanol afforded the most favorable results for all 
compounds.

The CCD was exploited to optimize the influential 
parameters in DLLME procedure, including volume of dis-
perser solvent (A), volume of extraction solvent (B), pH 
(C), and amount of NaCl (D). The equation of RSM model 
is represented below, in terms of the coded factors:

where Y is the sum of the significant peak areas for all 
the nitrosamine compounds (total relative peak area). The 
CCD optimization technique could explain the interac-
tions, as well as the quadratic effects of variables and linear 
effects of factors on the response. To estimate the interac-
tions and the significance of each factor, the analysis of 
variance (ANOVA) was utilized (Table 2). The insignifi-
cant lack of fit relative to the pure error for all the investi-
gated variables demonstrated that the quadratic polynomial 
model was admissible for accurate prediction of the valid 
response. The quality of the equation, which has been writ-
ten as model, was confirmed by the cooperative of determi-
nation (R2, adjusted R2, and predicted R2). The R2 of 0.98, 
adjusted R2 of 0.96, and predicted R2 of 0.91 represented a 
good connection between the trial data and the fitted model 
and proved that the model could response. With regard to 
the ANOVA summary, it could be realized that the model 
was meaningful with a p < 0.0001 and an F value of 50.97. 
The disperser solvent (A), extracting solvent (B), pH (C), 
and amount of NaCl (D) possessed relevant influences on 
the model (p < 0.05). Significant interactions occurred 
between the extracting solvent and NaCl, disperser solvent 
and pH, and between pH and NaCl. The other interactions 
(AB, AD, and BC) were not important (p > 0.05).

Figure 1 shows the predicted values versus the actual 
responses. Most of the points were dispersed monotonously 
around the line, which correlated between the predicted and 
the actual responses, and, in turn, the adequate fitness of 
the proposed quadratic model. As observed in Fig. 2, the 
residual plot is scattered randomly, demonstrating that the 
variance of the experimental measurements is constant for 
all the values of Y. The optimum amount of each param-
eter was subsequently figured out to gain the maximum 
response. To this aim, three graphs were used (Fig. 3).

Figure 3a depicts the response surface obtained by plot-
ting the pH versus the volume of disperser solvent. The 

(2)

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
2 − 0.11B

2

− 0.054C
2 − 0.088D

2
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extraction efficiency improved with the increase of pH and 
the decrease of disperser solvent volume. The maximum 
response was achieved at pH 7.5 with 500 µL of the dis-
perser solvent. Using high volumes of ethanol (700–1,000 
µL) probably enhanced the solubility of the NAs in the 
aqueous solution, leading to the reduction of the extraction 
efficiency. Once the pH amount was decreased from 13.8 
to 7.5, while the volume of the disperser solvent was con-
stant at 500 µL, the extraction efficiency improved. Dimin-
ishing the pH to 7.5 presumably caused the nitrosamines 
to acquire a nonionic structure. Thus, mass transfer of the 
NAs into the extracting solvent could be done more easily. 
Nevertheless, the efficiency of extraction procedure slightly 

declined, when the pH value was decreased to less than 
7.5. It might be due to the fact that the NAs found an ionic 
structure. The best result was obtained in the neutral pH. 
Figure 3b illustrates the interaction between the extracting 
solvent and salt. To enhance the ionic strength of the sam-
ples, sodium chloride (0–1.5 g) was added to the aqueous 
phase before blending the DLLME solution. By raising the 
amount of salt up to 1.1 g, the peak areas increased for all 
compounds. Diminishing the solubility of NAs was possi-
bly owing to the salting-out effect. This phenomenon often 
has a positive impact on the extraction efficiency [22, 41]. 
The most favorable efficiency was gained with 110 µL of 

Table 2  Analysis of variance 
(ANOVA) for response surface 
quadratic model

a Degrees of freedom
b Test for comparing model 
variance with residual (error) 
variance
c Probability of seeing the 
observed F value if the null 
hypothesis is true

Source Sum of squares dfa Mean square F valueb p valuec State

Model 2.97 14 0.21 50.97 <0.0001 Significant

A-DS 0.048 1 0.048 11.60 0.0039 Significant

B-ES 1.16 1 1.16 279.41 <0.0001 Significant

C-pH 0.76 1 0.76 182.09 <0.0001 Significant

D-Salt 0.30 1 0.30 73.21 <0.0001 Significant

AB 6.068E−003 1 6.068E−003 1.46 0.2458

AC 0.051 1 0.051 12.22 0.0033 Significant

AD 4.221E−003 1 4.221E−003 1.02 0.3297

BC 0.014 1 0.014 3.45 0.0829

BD 0.063 1 0.063 15.20 0.0014 Significant

CD 0.037 1 0.037 8.81 0.0096 Significant

A^2 0.076 1 0.076 18.20 0.0007 Significant

B^2 0.33 1 0.33 80.20 <0.0001 Significant

C^2 0.080 1 0.080 19.33 0.0005 Significant

D^2 0.21 1 0.21 50.68 <0.0001 Significant

Residual 0.062 15 4.158E−003

Lack of Fit 0.042 10 4.189E−003 1.02 0.5240 Not significant

Pure Error 0.020 5 4.098E−003

Cor Total 3.03 29

Fig. 1  Predicted responses versus the observed responses
Fig. 2  A plot of the internally studentized residuals versus the pre-
dicted response
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the extractor solvent, and at larger volumes, the efficiency 
of extraction almost remained constant. Another signifi-
cant interaction was the interaction between pH and salt 
amount, which is presented in Fig. 3c. The influences of 
these variables have been described previously in this sec-
tion. While the pH was lowered with increasing of the salt 
amount (a rise in the ionic strength), the extraction recov-
ery did not change appreciably. This result verified that the 
structures of the NAs at pH less than 7.5 were unsuitable 
for their extraction via the organic solvent.

Quantitative analysis

Under the optimum conditions, the analytical performance 
of the MAE–DLLME–GC–MS technique was scrutinized. 
Table 3 shows the linearity, repeatability, R2 value, enrich-
ment factor (EF), recovery, limit of detection (LOD), and 
limit of quantification (LOQ); LOD and LOQ are defined as 
the lowest concentrations of the analyte in the sample that 
provide chromatographic signals three and ten times greater 

than the background noise, respectively. The figure of merit 
was compared with some of the other similar methods 
[21–23, 42–44]. For the nitrosamine compounds, the stand-
ard solution calibration curves were linear within the range 
of 0.1–200 ng mL−1. The R2 value was more than 0.98. To 
estimate the repeatability, the comparative peak area from 
seven calibration levels with three replicates extractions 
from the sample was calculated and employed, and its value 
was displayed as relative standard deviation (RSD %). For 
all the NAs (n = 7), the RSD % was smaller than 5.4 %. The 
ratio of the definitive concentration in the essential solution 
was imparted as EF. The EF of the suggested technique was 
greater than 126. The recovery of each compound in the 
DLLME process was assigned by comparing the volumes 
of analytes, added to the meat product, with the concentra-
tions found after the process. The recovery values were in 
the range 83.9–109.4 %. The LODs for the NAs were within 
the range of 0.11–0.48 ng g−1 in the real samples, using the 
optimized conditions and the GC–MS in the SIM mode, and 
the LOQs were in the range 0.41–1.45 ng g−1.

Fig. 3  Response using the central composite design obtained by plotting: a pH versus volume of dispersive solvent, b salt versus volume of 
extractor solvent, and c pH versus salt
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Table 3  Correlation coefficient (R2), repeatability (R.S.D. %), recovery, limit of detection (LOD), limit of quantification (LOQ), and enrichment 
factor of nitrosamines for proposed method and other same methods

a The proposed method
b Dispersive microsolid-phase extraction
c Microwave-assisted extraction and dispersive liquid–liquid microextraction coupled to gas chromatography–mass spectrometry
d Gas chromatography–nitrogen chemiluminescence detector
e Gas chromatography–mass selective detector
f Headspace solid-phase microextraction–gas chromatography–thermal energy analyzer
g Micellar electrokinetic chromatography

Method Sample type Compounds R2 RSD  % Recovery  % LOD (ng g−1) LOQ (ng g−1) EF Linear range 
(ng mL−1)

Reference

MAE– 
DLLME– 
GC–MSa

Sausage and 
salami

NDMA 0.9803 3.5 103.6 0.45 1.41 131.8 0.1–200

NMEA 0.9881 3.6 102.4 0.48 1.45 152.8 0.1–200

NDEA 0.9909 5.4 105.1 0.32 1.02 144.0 0.1–200 This work

NPYR 0.9633 3.9 93.8 0.29 0.92 148.1 0.1–200

NPIP 0.9954 4.3 92.1 0.25 0.82 140.1 0.1–200

NDBA 0.9962 4.68 88.3 0.11 0.40 142.5 0.1–200

NDPheA 0.9799 4.8 83.9 0.18 0.61 126.0 0.1–200

D-µ-SPEb Meat products NDMA 0.999 7 84 0.12 0.36 – 0.25–500

NMEA 0.999 4 74 0.06 0.18 – 0.25–500

NDEA 0.999 7 80 0.06 0.18 – 0.25–500 [23]

NPYR 0.999 4 99 0.06 0.18 – 0.25–500

NDPA 0.999 8 98 0.03 0.09 – 0.25–500

NPIP 0.999 2 83 0.03 0.09 – 0.25–500

NDBA 0.999 7 105 0.01 0.03 – 0.25–500

MAE– 
DLLME– 
GC–MSc

Meat products NDMA 0.9991 6.1 – 0.48 – 287 0.05–200

NMEA 0.9990 7.1 – 0.56 – 285 0.05–200

NDEA 0.9994 6.5 – 0.52 – 220 0.05–200 [22]

NPYR 0.9990 8.3 – 0.40 – 305 0.05–200

NMOR 0.9991 7.4 – 0.35 – 326 0.05–200

NDPA 0.9997 10.0 – 0.16 – 340 0.02–200

NPIP 0.9993 5.9 – 0.12 – 342 0.02–200

NDBA 0.9991 8.8 – 0.16 – 339 0.02–200

NDPheA 0.9994 7.6 – 0.52 – 328 0.05–200

GC×GC-NCDd Meat products NDMA 0.9675 – – 3.86 16.71 – –

NDEA 0.9824 – – 2.32 10.04 – –

NDPA 0.9936 – – 1.61 6.96 – – [42]

NPYR 0.9688 – – 2.15 9.30 – –

NPIP 0.9732 – – 1.98 8.56 – –

NDBA 0.9716 – – 2.46 10.63 – –

GC-MSDe Fish products NDMA – 9.43 79 0.11 0.37 – –

NDEA – 8.43 82 0.10 0.33 – – [44]

NPYR – 8.42 87 0.11 0.35 – –

NPIP – 8.16 86 0.10 0.34 – –

NDBA – 7.69 88 0.10 0.33 – –

HS-SPME-GC-
TEAf

Sausages NDMA 0.9935 5 105 3 10 – 60–720

NDEA 0.9870 5 110 3 10 – 60–720 [21]

NPIP 0.9955 6 105 3 10 – 60–720

NPYR 0.9944 12 107 3 10 – 60–720

MEKCg Preserved  
sausages

DMN 99.6 4 – 27.8 92.6 – –

NMOR 99.6 16.6 – 36 120 – – [43]

NPYR 99.7 17.4 – 22.5 75.1 – –

DEN 99.6 22.7 – 26.1 87.3 – –

NPIP 99.7 20.7 – 23.6 78.74 – –
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Application of the method to real samples

To evaluate the suitability of the proposed technique for 
detecting the NAs in the real samples, seven samples of heated 

meat products, comprising sausage and salami, were analyzed 
under the optimal conditions. The samples were purchased 
from a local supermarket (Tehran, Iran) and stored at 4 °C. 
The concentrations of some NAs in these samples were very 

Table 4  Analytical results of nitrosamines (ng g−1) in Iranian sausages and salamis by MAE–DLLME–GC–MS

Mean value (ng g−1) ± standard deviation (n = 3), ND means not detected

Sample NDMA NMEA NDEA NPYR NPIP NDBA NDPheA

Beef salami 90 % 5.57 ± 0.1 5.43 ± 0.2 ND ND ND 1.72 ± 0.1 3.27 ± 0.06

Chicken salami 90 % 1.96 ± 0.2 ND ND 2.31 ± 0.1 6.57 ± 0.1 1.52 ± 0.2 3.10 ± 0.1

Dry cured salami 60 % 1.86 ± 0.1 ND ND 5.99 ± 0.1 5.66 ± 0.08 2.35 ± 0.1 4.53 ± 0.1

Dry cured sausage 70 % 1.87 ± 0.05 2.15 ± 0.1 ND 6.84 ± 0.2 5.43 ± 0.05 2.00 ± 0.08 3.85 ± 0.04

Hot dog 55 % 3.67 ± 0.01 5.06 ± 0.03 ND 2.62 ± 0.04 5.17 ± 0.1 3.21 ± 0.1 5.63 ± 0.1

Chicken hot dog 55 % 2.44 ± 0.06 8.57 ± 0.2 ND 2.56 ± 0.1 7.36 ± 0.08 3.56 ± 0.2 5.92 ± 0.02

Frankfurt sausage 40 % 5.54 ± 0.1 ND ND 6.47 ± 0.1 3.79 ± 0.1 1.75 ± 0.06 0.65 ± 0.01

Fig. 4  Chromatogram obtained by MAE–DLLME–GC–MS for a 
sausage sample under optimum conditions, a nonspiked and b spiked 
with 40 ng g−1 of nitrosamines. a N-nitrosodimethylamine (NDMA) 
b Nnitrosomethylethylamine (NMEA), c N-nitrosodiethylamine 

(NDEA), d N-nitrosopyrrolidine (NPYR), e Nnitrosopiperidine 
(NPIP), f N-nitrosodibutylamine (NDBA), biphenyl (IS), g N-nitros-
odiphenylamine (NDPheA)
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low, and their analytical results were verified with the aid of 
the standard addition method (Table 4). These results proved 
that the MAE–DLLME followed by GC–MS (in the SIM 
mode) is a powerful technique for monitoring the NAs at very 
low concentrations in samples. Figure 4 depicts the chromato-
grams of the nonspiked (a) and spiked (b) (at 40 ng g−1 with 
seven NAs) sausage sample obtained by means of MAE–
DLLME–GC–MS in the SIM mode. Good chromatograms 
were achieved, which were free of sample matrix interference.

Conclusion

In this research, the feasibility of the use of MAE–
DLLME–GC–MS as a simple, fast, and reliable methodol-
ogy to the analysis of nitrosamines in sausage and salami 
was examined. The factors affecting the MAE and DLLME 
efficiencies were explored in detail, and the optimal con-
ditions were established. The microwave irradiation was 
beneficial to the transportation of the analytes from the 
solid sample matrix into the aqueous solution, as well as 
the acceleration of the extraction procedure. The results 
also confirmed that the application of carrez solution to 
sediment the proteins could substantially reduce the inter-
ference of the real sample matrix. The volumes of extract-
ing and disperser solvent, pH, and salt amount possessed 
considerable influences on the DLLME procedure. Low 
solvent consumption, simple experimental setup, large EF, 
and excellent precision were the obvious advantages of 
this method. Besides, the method could offer an adequate 
repeatability and a favorable recovery within a short analy-
sis time. This method was easier and faster relative to the 
other traditional extraction methods. The suggested method 
can be successfully exploited for the routine monitoring of 
nitrosamines in various types of real sausage and salami 
from different producers.
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