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ABSTRACT

A hollow fiber-liquid phase microextraction coupladith gas chromatography method has been develtyetthe
determination of carcinogenic nitrosodiethylaminadanitrosodipropylamine in several food samples.this
method, a small amount of toluene as the accepgtase was introduced to fill-up the channel of aypabpylene
hollow fiber using a microsyringe while the holldiber was immersed in an agueous donor solutiorierAf
extraction, the acceptor phase was withdrawn arjdcied for gas chromatographic analysis. Parametirat
affect the extraction efficiency were studied idabg the organic solvent, length of fiber, volunfeacceptor and
extraction time. The limits of detection for nito$ethylamine and nitrosodipropylamine were 380" and 20ug
L™ respectively. This method was applied successfidly the determination of nitrosodiethylamine and
nitrosodipropylamine in sausage, corned meat, fraglat, and salted egg.
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INTRODUCTION

Membrane can be defined as a semi-permeable than that serves as a specific filter to separateidure of
components [1]. Application of membrane technoléggrowing very rapidly, i.e. applications in dring water
treatment and biomedical analysis. The use of mengb separation has many advantages such as lesg/en
needs, does not alter the molecular structure luiftances separated, can be operated at room temmeeiand does
not require additional chemicals during the sepamgprocess [2]. Using hollow fiber membrane is endesirable
than a flat membrane; this is because the flat mangbhas many drawbacks such as the frequent eocerof
membrane fouling causing reduction in its perforogan

A hollow fiber membrane has a larger area perwlitme; therefore it is more effective to performe tseparation.
The surface area of hollow fiber membrane has aitlenf 3000 total MMM? compared to flat membranes which
has a density of 400 totals’#°. Hollow fiber membranes also have a more robusthaweical structure than a flat
membrane [3]. Hollow fiber membranes used for thragtion method is nonpolar fiber, so it is effee in
extraction of target compounds that have simifaolarity like nitrosamine group. Therefore, thismigane is
widely used in the extraction process using a @algr liquid phase microextraction (LPME) calledlldw Fiber-
Liquid Phase Microextraction (HF-LPME). The sampleparation step is very important in the analgditarget
compounds, especially for analyte in range pantsmpllion (ppm) to parts per trillion (ppt) for ergple compounds
such as nitrosamines e.g. nitrosodiethylamine (ND&#d nitrosodipropylamine (NDPA).

Nitrosamine compounds are carcinogenic and verymfudr to human health [4]. Nitrosodipropylamine
nitrosodiethylamine are often found as food pnestires in several dietary items such as bacorsasg) corned
beef and salted fish [5]. Furthermore, these nitansines are used as refresher material in the qezbeneat in
order to keep a steady red color during the ripgmirocess. Antibacterial activity of nitrite hasebeproven and
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effective way to prevent the growth of Clostriditootulinum bacteria, known as pathogens causing fmisbning.
Nitrosamines compounds are nitrite reaction pragludtich can damage to the liver and are carcinogémerefore,
a reliable, validated and sensitive analytical radtfor the detection and determination of nitroseasiis essential
to establish food safety.

Cancer is one of the biggest killers in the wonld eaused by environmental factors (90-95%) anetiefactors
(5-10%). Knowledge of the cause of cancer is thatnmaportant thing that must be recognized in esogiety.
Environmental factors that cause cancer due tedmsumption of harmful substances such as tobaedo food
additives and preservatives used in food and bgesré25-30%), obesity (30-35%), infections (15-20fadliation,
stress, lack of physical activity and the impacen¥ironmental pollutants [6].

This research investigates application of HF-LPMEe#ficient samples preparation method which sugptire
principles of green chemistry for the determinattdNDEA and NDPA in various diet samples obtairfiean the
local Indonesian market such as sausage, cornet] fressh meat and salted egg. Separation and ifjoatibn of
analytes were performed by Gas Chromatography edupith Flame lonization Detector (GC-FID).

EXPERIMENTAL SECTION

2.1Reagents, chemicals, and materials

Organic solvents (n-hexane, toluene, and carboactgbride) analytical grade were supplied by Fl§Rachs,
Switzerland). Nitrosodiethyalmine and nitrosodipylamine were purchased from Sigma Aldrich (Singapo
Accurel Q3/2 polypropylene hollow fiber membran®@m [.D., 200um wall tickness, and 0.2m pore size) was
purchased from Membrane (Wuppertal, Germany). Sttakdard solutions (1000 mg?) of each analytes were
prepared in methanol and water and were stordtkifréezer at about -£€.

2.2 Instrumentation

The GC system used Agilent 6890 Series with flaomézation detector (FID). The column used HP-5 potar
(30m x 0,25 mm ,i.d, 0.25 um film thickness) wasghased from Berca (Jakarta, Indonesia) whicloisposed of
5% diphenyl and 95% dimethylpolysiloxane was usethe analysis of the nitrosoamines under stuljtrogen
was used as the carrier gas at a flow rate 0.4 inC*m

2.3 Liquid-phase microextraction procedure
The LPME device is shown in Fig. 1.

H Syringe needle
Syringe 31

nesdle Hollew fiber

- Acceptor phase

IH-:— Acceptor phase
= Hollow fiber
—

— Donor phase
—— Magnetle stirrer

| j— Stirrer machine
1 o

Fig.1. Deviceof HF-LPME

A 10 uL microsyringe with a pointed blunt tip was usedrtvoduce acceptor phase into the polypropyleroiwo
fiber membrane. The hollow fiber was cut manuadlghort piece 1.5 cm. A new piece of hollow fiberswsed for
each extraction to prevent the carry over effebe Ppolypropylene hollow fiber membrane was sealedme edge
by sealer machine, and then dipped into acceptasele.g. toluene) for 10 seconds to impregnatpdhes of the
fiber with the acceptor phase. The needle of miginge that contained acceptor phasau(3 was then inserted
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into the hollow fiber segment and the assembly wasersed in the 20 mL sample solution. The samgls stirred
using a magnetic stirrer during the extraction pesc

Liquid phase microextraction was developed as &erradtive sample preparation method of the conweati
methods of liquid - liquid extraction [7]. LPME teaique is one of the sample preparation technigueshich a
single organic solvent microdrop can be used atéhd of single microdrop microsyringe or placedain
hydrophobic porous membrane that separate singlednop of donor phase through the membrane mter{8].
Pedersen and Rasmussen [9] used the perforatedramentio protect the organic solvent. Extractionhodtwhich
stabilizes the organic solvent droplets with peafed membrane is called the HF - LPME technique.- HPME
extraction method has the following advantagetha)use of the organic solvent in a very smalbam which is
placed in the hollow fiber enabling stable orgasotvent as the extractor, and ii) the hollow filban also act as a
filter. Accordingly, the HF - LPME technique is dered a simple, efficient and inexpensive teamidor
analytes extraction [5]. LPME method provides gaedovery for the analytes present in a complex imatr
selectively, which is ready for analysis withoutther treatment [10]. Liquid-phase microextractimpresents a
mean of green chemistry. It can reduce the consomptf hazardous organic solvents used. Furthenibige,an
efficient technique in sample preparation sinceeliminates unwanted matrix components. Liquid-phase
microextraction involves the distribution of an bt@ between two immiscible liquid phases (donod aeceptor
phase).

Polypropylene fiber has been widely used as medtattransfer analyte from donor phase to accephbase [11].
Polypropylene has many advantages such as hightpatible with a broad range of organic solvents aitt a
pore size of approximately Oy2n, it strongly immobilizes in organic solvents [12]

RESULTSAND DISCUSSION

3.1 Gas Chromatography

Separations and quantification of analytes werdeaeld by GC coupled with flame ionization detec{biD).
Helium and air as the carrier gas for FID and gigmo as carrier gas through the column with totafis 0.4
mL.min™. An injection volume of 1pL with split less modeasvused. The oven temperature program was as
follows: 60°C held for 2 min then raised to 12D at a rate 26C /min, then 206C was held for 2 min. The setting
parameters were 2%0 for the injector and 30T for the detector. The analytes were completghassied within 6

min (Fig. 2).

T | |
0 5 min 10 min

Fig.2. Chromatogram of 1)'methano|; 2) NDEA; and 3) NDPA
Conditions: Concentration of NDEA and NDPA mixtafemg L*; carrier gas: nitrogen; column flow: 40 mL min

3.20ptimization of HF-L PM E parameters

Liquid phase microextraction is emerging as powesample preparation method prior to instrumentelysis.
Optimization of analytical parameters are invesédato determine the optimum extraction conditiosig HF-
LPME which include extraction solvent, the volumeeatraction solvent, length of hollow fiber andtrction
time. By applying the HF-LPME procedure, the preseaf acceptor phase in the hollow fiber is mairedi which
can be withdrawn for further analysis using GC-FID.
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3.2.1 Extraction solvent

The choice of organic solvent as acceptor phasexiiaction solvent is essential LPME to achieve the highe
enrichment factor. A successful extraction is dejeen on the etraction solvent. Basically, extraction solvent ir
have good affinity for target compounds, have l@hukility in water to prevent dissolution into tagueous phas
and have low volatility which will restrict solvemvaporation during extractiorl3,14]. On the basis of these
considerations, n-hexanesarbon tetrachloride andoluene were tested in preliminary experime Their
physicochemical characteristics are shown in Taland considered to be appropriate acceptor ph

The results of this optimizatioimdicate thattoluene can extract thenalytes more efficiently than-hexane and
carbon tetrachloride as shown Figure Z Therefore, toluenwas used for subsequent extracti
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800 -
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400 -

Area

200 A

Toluene CCl4 n-hexane

Acceptor phase
ENDEA ONDPA

Fig.3. Acceptor solvent effect for the NDEA and NDPA used in this study
Conditions: Length of fiber: 2 cm; volume of extiag solvent: 3pL; sample volume: 20 mL; stirrirage: 300 rpm; extractin time: 15 min;
concentration of NDEA and NDPA: 30 ppm.

Table 1Characteristics of organic solvents[3]

Organic solvents Log ¥ Boiling point C)
69

n-hexane 3.90-4.11
toluene 2.69 110.6
CCl, 2.04 76.72
a) b)
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Fig.4. Volume of acceptor phase effect for thea) NDEA and b) NDPA used in this study
Conditions: Length of fiber: 2 cm; acceptor phagsuene; sample volume: 20 mL; stirring rate: 3@0m; extraction time: 1 min;
concentration of NDEA and NDPA: 30 ppm
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3.2.2 Volume of extraction solvent

Enrichment factor value is dependent on the volwhacceptor and donor phase. Volumes of the dondr a
acceptor phases should be selected by taking aotmuat several considerations. The combinatiomllsacceptor
phase volume and large donor phase volume willtr@sa high enrichment factor of the extraction.this work, 1

to 4 uL of acceptor phase were tested. The peak are#®ecdnalytes were found to vary with donor phasg an
acceptor phase volume (Fig. 4).

3.2.3 Length of fiber

The dispersion of acceptor phase is dependenteotetiyth of fiber. Therefore, different lengthsfiber (1, 1.5, 2
and 2.5 cm) were tested. It was found that the leegith of fiber was 1.5 cm (Fig. 5) because itegéhwe highest
response factors. This length was used in subseguéactions.
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Fig.5. Length of fiber effect for thea) NDEA and b) NDPA used in this study
Conditions: extracting solvent volumeuB; acceptor phase: toluene; sample volume: 20 ritrirsg rate: 300 rpm; extraction time: 15 min;
concentration of NDEA and NDPA: 30 ppm

3.2.4 Extraction time

A series of experiments were carried out to deteertie effect of extraction time on extraction@éfncy using the
previously determined optimized conditions. Theulss show that the response for the analytes isecta
significantly with increase of extraction time gb to 10 minutes as shown in Fig.6. Extraction timmemore than
10 min showed slight instability in analyte respomsobably because the organic phase as accepase phas
saturated by the analyte and has reached equitibi@imilar results have been reported by Shen @&®d[15] who
noted that although longer exposure times to tisef@or solution generally result in increased etioa efficiency,

it is not always practical to apply extended exioac times. As sampling times shorter than the Itota
chromatographic time are often chosen in ordemsuee high sample throughput, 10 min was chosepsium
extraction time and used for subsequent extractions
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Fig.6. Effect of extraction time for the a) NDEA and b) NDPA used in this study
Conditions: extracting solvent volumeuRB; acceptor phase: toluene; sample volume: 20 ritrirgg rate: 300 rpm; concentration of NDEA
and NDPA: 30 ppm

1278



Yanuardi Raharjo et al J. Chem. Pharm. Res., 2014, 6(5):1274-1280

3.3 Validation method

The optimal LPME parameters finally selected wesef@lows: toluene as extraction solvent, 1.5 cm fiber
length, 3uL for volume of acceptor phase, and 10 min for ation time. The recovery, detection limits, linear
dynamic range and the calibration curves are listelthble 2. Each measurement was performed iliciate.

Table 2. Analytical performance of HF-LPME

Analyte Recovery| Enrichment factor| Linearity range Correlation coefficientf LOD RSD
(%) (EF) (mg L™ () (Mgl | %)

NDEA 101 20,000 5;10; 15; 20 and 25 0.999 330 0181

NDPA 100 20,000 5; 10; 15; 20 and 25 1.000 2( 0,06

3.4 Real sampleanalysis

The developed extraction method was applied forettteaction of NDEA and NDPA from several food itemg,
sausage, corned meat, fresh meat, and salted aggmkthod was successfully applied to the detaatiun of
NDEA and NDPA and the results indicated the preseri¢hese hazardous NDEA and NDPA in sausagé ¢hd
0.06 ppm), corned meat (2.90 and 0.40 ppm), frasht (5.00 and 0.03 ppm) and salted egg (2.55 &% mpm)
respectively. Spiked samples or standard additiethod has been performed to verify the NDEA andNP
peaks in the chromatograms.

a) 1 3

0 5 min 10 min

b)

_ h L

0 5 min 10 min

Peak
1 : Methanol
2 : Nitrosodiethylamine
3 : Nitrosodipropylamine
Fig.7: Chromatogramsof: a) original real sample and b) spiked samples

CONCLUSION

Hollow fiber liquid phase microextraction techniqoeupled with GC-FID provides an efficient and sienpost
effective and environmentally friendly method féretidentification and determination of NDEA and NDkh
various dietary food samples. High extraction éficy was achieved. The low LOD and low RSD indidhat the
technique is efficient for analysis of nitrosoansine
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