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Abstract - N-Nitrosopiperidine (NPIP) are a group 

of carcinogens which have been detected in 

various cured meat products. NPIP formation can 

occur by a direct nitrosation of the piperidine 

which is a cyclic secondary amine found in spices. 

The objective of this research was to study the 

factors such as pH (3, 5, 7, 11) and temperature 

(30, 50, 95 C) on the formation of carcinogenic of 

NPIP in cured meat model system. NPIP levels 

were analyzed by gas chromatography with flame 

ionization detector (GC-FID). The levels of NPIP 

were 187.0, 24.9, 20.9, and 19.8 ppm at pH 3, 5, 7 

and 11, respectively. The NPIP formation at 30, 50 

and 95 C were 26.8, 85.8, 233.6 ppm, respectively. 

Therefore, decrease pH and increase temperature 

tended to increase NPIP levels in cured meat 

model system. In our study, cured meat model 

system at pH 3 and temperature 95 C showed the 

highest levels of NPIP. 
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I. INTRODUCTION 

 

 N-nitrosamines are a group of human 

carcinogen based on sufficient evidence of 

carcinogenicity in experimental animals [7] and 

classified as probable human carcinogens. The 

formation of N-Nitrosamines in meat is a 

complex process and depends on the reaction 

between nitrite and secondary amines [12]. 

Nitrite is an essential for developing typical 

cured meat color, flavor and texture and for 

protect against microorganisms that can cause 

food poisoning, such as Clostridium botulinum 

[2].  

 N-Nitrosamines are commonly found in 

cured meat products include N-nitroso- 

dimethylamine (NDMA), N-nitrosopyrrolidine 

(NPYR), N-nitrosopiperidine (NPIP) and N-

nitrosodiethylamine (NDEA), occurred generally 

at low levels (<5 ppb) but at high levels up to 20 

ppb has been reported in some cured meat 

products [8]. The formation of N-nitrosamines in 

meat products depends on the method of 

cooking, cooking temperature and time [6]. 

Using high temperature during cooking e.g. 

frying, baking has been reported to result in an 

increase in N-nitrosamines in cured meat 

products [10,13]. 

 NPIP formation can occur by a direct 

nitrosation of the piperidine which is a cyclic 

secondary amine found in black pepper, white 

pepper, paprika and nutmeg usually used as 

ingredients in cured meat products [3]. 

Yurchenko and Molder [14] reported the NPIP 

levels in some cured meat products e.g. smoked 

sausage (0.89 ppm), ham (1.79 ppm), and bacon 

(1.23 ppm). However, there is still little 

information on the factors affecting the 

formation of NPIP. Therefore, the purpose of 

our study is to investigate the factors such as  pH 

and temperature on the formation of 

carcinogenic of NPIP in cured meat model 

system. Four pH levels (3, 5, 7 and 11) and two 

temperatures (50 and 95 C) were studied as the 

wide range to understand the formation of NPIP. 

 

  

II. MATERIALS AND METHODS 

 

2.1 Effect of pH on NPIP formation in model 

system 

  The cured meat model was prepared as 

follows: 0.04 M NaNO2, 0.05 M Sodium citrate 

and 0.1 M Piperidine (1 mL each) were mixed 

together. The mixture was then adjusted pH to 3, 

5, 7, 11 with 1 M HCl. After that, the mixture 

was incubated at 70 C for 3.5 hr. Then the 
reaction was stop by adjusting pH to 11 with 1 

M NaOH. 
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2.2 Effect of temperature on NPIP formation in 

model system 

 
 The cured meat model was prepared as 

follows: 0.04 M NaNO2, 0.05 M Sodium citrate 

and 0.1 M Piperidine (1 mL each) were mixed 

together. The mixture was then adjusted to pH 3 

with 1 M HCl. After that, the mixture was 

incubated at 30, 70, 95 C for 3.5 hr. Then the 
reaction was stop by adjusting pH to 11 with 1 

M NaOH. 

 

2.3 Extraction of NPIP 

 

 The extraction of NPIP was performed by 

followed the method by Tanaka et al (1988). 

[12] with some modifications. The model system 

from 2.1 and 2.2 (3 mL) was mixed with 1 g 

NaCl, and 100 µl of N-Nitrosoethylamine 

(NDEA) was added as an internal standard. 

After that, 4 mL dichloromethane was added and 

stirred for 30 min at room temperature. Then the 

solution dried with sodium sulfate, and the 

sodium sulfate was removed moisture by 

filtration. The sample was then analyzed by GC-

FID. 

 

2.4 Determination of NPIP by GC-FID 

 

 GC-FID analyses were performed on an 

Agilent 6890 Plus. Chromatographic separation 

was achieved with an Agilent DB-1 column (60 

m x 0.320 mm x 0.25 µm). The concentrated 

sample (1µl) was injected into a GC-FID. 

Helium was used as the carrier gas at a flow rate 

of 3.5 ml/min. The injection port was set at 250 

C and the temperature of the column port were 

ramped; 40 C for 4 min, increased to 120 C at 

5 C/min and then increased to 250 C at 15 

C/min. The retention time was 21.73 for NPIP 

under this chromatographic condition [1]. 

 

2.5 Statistical analysis 

 

 The experiment was independently 

performed at least in duplicate. Duplicate 

measurements taken on the same experimental 

unit were averaged for statistical analysis. The 

difference of mean was determined in Duncan’s 

test using the general linear model in the 

statistical analysis system program and means 

were considered significantly different at 

P<0.05. The statistical analysis was performed 

by using SPSS version 16.0 with 95% 

confidence level. 

 

III. RESULTS AND DISCUSSION 

 

The chromatogram of NPIP standard and NDEA 

(internal standard) are shown in Figure 1. The 

effect of pH on NPIP formation is shown in 

Figure 2. It is obvious that pH is significantly 

affected the formation of NPIP in cured meat 

model system. NPIP levels at pH 3, 5, 7 and 11 

were 187.0, 24.9, 20.9, and 19.8 ppm, 

respectively. The results showed that decreasing 

of pH caused a significant increase in NPIP 

contents. When pH decreased, the nitrite (NO2) 

was converted to nitrous acids (HNO2), which is 

a precursor of the nitrosation [9]. Douglass [5] 

reported that the nitrosation occurred faster at 

pH 3.0 – 3.4. On the other hand, at pH 7.5 – 11.0 

the nitrosation occurred at slower rate.  

 

 

 

Figure 1. GC Chromatogram of NPIP standard at 

500 ppm (1 µL injection) using FID detection. 

NDEA (500 ppm) was used as internal standard. 

 

The effect of temperature on NPIP formation is 

shown in Figure 3. Three temperature levels, 

such as 30, 50 and 95 C, were evaluated to 

investigate NPIP formation. NPIP levels at 

temperature of 30, 50 and 95 C were 26.8, 85.8, 

233.6 ppm, respectively. Increasing the level of 

NPIP at higher temperature could be due to the 

dissociation of N2O3  to NO radical which acts as 

direct nitrosating agents [13]. 

 



 

 

Figure 2. N-Nitrosopiperidine (NPIP) levels in 

cured meat model system at pH 3, 5, 7 and 11 

(temperature 70 C) 

 

 

Figure 3. N-Nitrosopiperidine (NPIP) levels in 

cured meat model system at temperature of 30, 

50 and 95 C (pH 3) 

  

IV. CONCLUSION 

 

 In the present study, the formation of N-

Nitrosopiperidine (NPIP) was dependent on pH 

and temperature. Decrease pH and increase 

temperature tended to bring up the levels of 

NPIP in cured meat model system. In our study, 

cured meat model system at pH 3 and 

temperature 95 C showed the highest levels of 

NPIP. 

 

 

 

REFERENCES  
 
1. Ahn, H.J., Cherl, H.L., Jae, H.K., Sang, B.H.,  

Cheorun, J., Sung, K. & Myung, W.B. (2004). 

Identification of radiolytic products from N-

nitrosamine and N-nitrosopyrrolidin by gas 

chromatography and mass spectrometry. 

Radiation Physcics and Chemistry 69:  99-102. 

 

2. Cassens, R.G. (1995). Use of sodium nitrite in 

cured meats today. Food Technology 49: 72-80. 

 

3. De Mey, E.D., Hannelore, D.M., Lore, D., 

Hubert, P., Mieczyslaw, S., Ilse, F. & Teresa, K. 

(2014). Assessment of the N-nitrosopiperidine 

formation risk from piperine and piperidine 

contained in spices used as meat product 

additives. Eur Food Res Technol 238: 477-484. 

 

4.  De Mey, E.D., Katrijn, D.K., Hannelore, D.M., 

Lore, D., Guy, D., Marie, C.P., Ilse, F., Yvan, 

V.H. and Hubert, P. (2014). The occurrence of N-

nitrosamines, residual nitrite and biogenic amines 

in commercial dry fermented sausages and 

evaluation of their occasional relation. Meat 

Science 96: 821-828. 

 

5. Douglass, M.L. (1978). The chemistry of nitro-

samine formation, inhibition and destruction. 

Journal of the Society of Cosmetic Chemists 29: 

581-606. 

 

6. Fiddler, W., Pensabene, J.W., Piotrowski, E.G., 

Phillips, J.G., Keating, J., Mergens, W.J. & 

Newmark, H.L. (1978). Inhibition of formation of 

volatile nitrosamines in fried bacon by the use of 

cure-solubilized α-tocopherol. Agricultural and 

Food Chemistry 26: 653-656. 

 

7. IARC. (1978). Some N-nitroso compounds. IARC 

monographs on the evaluation of carcinogenic 

risk of chemicals to humans. 

 

8. Li, L., Wang, P., Xu, X. & Zhou, G. (2012). 

Influence of various cooking methods on the 

concentrations of volatile N-Nitrosamines and 

biogenic amines in dry-cured sausages. Food 

Chemistry 77: 560-565. 

 

9. Pourazrang, H., Moazzami, A.A. & Bazzaz, 

B.S.F. (2002). Inhibition of mutagenic N-nitroso 

compound formation in sausage sample by using 

L-ascorbic acid and α-tocopherol.  Meat Science 

62: 479-483. 

 

10. Sean, N.P., Seaman, S. & Miles, W.F. (1973). 

Volatile nitrosamines in various cured meat 

products: trends. Agricultural and Food Chemistry 

27: 1354-1357. 

 

11. Shenoy, N.R., Ahmed, S.U.C., Tulsi, K.S. and 

Rathin, K.B. (1992). Nitrosation of piperine using 

different nitrosating agents: characterization and 



mutagenicity of the products. Food Chemistry 40: 

2211-2215. 

 

12. Tanaka, K., Toshiko, H., Tomoe, N. & Hikoya, H. 

(1998). Inhibition of N-nitrosation of secondary 

amines in vitro by tea extracts and catechins.  

Mutation Research 412: 91-98. 

 

13. Yurchenko, S. & Molder, U. (2006). Analytical, 

Nutritional and Clinical Methods Volatile N-

Nitrosamine in various fish products.  Food 

Chemistry 96: 325-333. 

 
14. Yurchenko, S. & Molder, U. (2007). The 

occurrence of volatile N-nitrosamines in Estonian 

meat products.  Food Chemistry 100: 1713-1721. 


