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INTRODUCTION

Nitrate and nitrite are usually added to processed
meat products to protect against microorganisms that
can cause food poisoning, such as Clostridium botuli-
num.®* However, nitrite can react with secondary
amines to form nitrosoamines, a class of carcinogenic
compounds, in food products or in the digestive system.
Nitrate, although more stable than nitrite, can act asa
reservoir for nitrite. Also, nitrate can readily be con-
verted into nitrite by microbial reduction.*® Thus, both
nitrate and nitrite must be monitored to ensure the
quality and safety of meat products. This Application
Note describes an accurate and sensitive method in
which nitrate and nitrite are extracted from meat
products and then determined directly using anion
exchange chromatography with UV detection. Commer-
cialy available ham and salami were used as model
samples.

Severa HPL C methods have been developed to
analyzefor nitrate and nitrite in meat. However, these
methods require lengthy sample processing or pretreat-
ment steps, such as adding protein preci pitation procedures
after extraction or using reversed-phase cartridges to
remove sample matrix interferences. &° Unlike most other
HPL C techniques, the method described in this note does
not require the use of protein precipitating reagents. In
addition, a reversed-phase or ion-exchange pretreatment
cartridge is not needed because a 5-min, 100 mM sodium
hydroxide wash step in the chromatographic procedure is
sufficient to remove bound proteins and other sample
matrix interferences.

EQUIPMENT

Dionex DX-500 chromatography system consisting of:
GP50 Gradient Pump
AD25 UV /Visible Absorbance Detector

LC20 Enclosure
ASA0 Autosampler
PeakNet Chromatography Workstation

Scovill Hamilton Beach Blender
Beckman Spinchron R Centrifuge

MATERIALS

Sodium hydroxide, 50% w/w (Fisher Scientific)
Sodium nitrate (Fisher Scientific)

Sodium nitrite (Fisher Scientific)

Whatman Filters (Whatman)

Sterile Acrodisc Syringe Filters, 1.2 and 0.2 mm
(Gelman Sciences)

CONDITIONS

Column: lonPac® AS11 (4 x 250 mm) and
AG11 guard (4 x 50 mm)

Injection Volume: 25 pL

Flow Rate: 1 mL/min

Detection: UV, 225 nm

Eluent A: 50 mM Sodium hydroxide

Eluent B: Deionized water

Eluent C: 100 mM Sodium hydroxide
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Figure 1 Separation of nitrate and nitrite standards. Amount
injected: 12 mg/L nitrate and 10 mg/L nitrite; injection volume:
25 L.

Column: lonPac AS11
Eluent: 5 mM Sodium hydroxide
Flow Rate: 1 mL/min
Inj. Volume: 25 pL
Detection: UV, 225 nm
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Figure 2 Separation of nitrate and nitrite from ham. Injection
volume: 25 pL.

Column: lonPac AS11

Eluent: 5 mM Sodium hydroxide
Flow Rate: 1 mL/min

Inj. Volume: 25 pL

Detection: UV, 225 nm

Peaks: 1. Nitrite  9.85 mg/L
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Figure 3 Separation of nitrate and nitrite from salami. The
extract was diluted fourfold before injection; injection volume:
25 pL.

Determination of Nitrate and Nitritein Meat Using
High-Performance Anion-Exchange Chromatography

Method
Time(min) Eluent A (%) EluentB (%) Eluent C (%)

0.0 10 90 0
10.0 10 90 0
10.1 0 0 100
15.0 0 0 100
151 10 90 0
250 10 90 0

Calibration Curves

Cadlibration curves for nitrate and nitrite were
generated by plotting the peak areas against the concen-
trations of the standards injected. For nitrate, nine
different con-centrations between 50 pg/L (500 pg/kg)
and 375 mg/L (3.75 g/kg) were used. For nitrite, nine
different concen-trations between 30 pg/L (300 pg/kg)
and 300 mg/L (3.00 g/kg) were used. At least two peak
area data points were collected per order of magnitude.
Each data point was an average of duplicate injections.

PREPARATION OF SAMPLES AND SOLUTIONS
Eluent A: 50 mM Sodium hydroxide

Filter 1.0 L of deionized water through a 0.2 pm
filter. Then vacuum degas the deionized water for
5 min. Add 2.5 mL of 50% w/w sodium hydroxide to the
1.0 L of degassed water.

Eluent B: Deionized water
Filter 1.0 L of deionized water through a 0.2 pm
filter.

Eluent C: 100 mM Sodium hydroxide

Filter 1.0 L of deionized water through a 0.2 pm
filter. Then vacuum degas the deionized water for 5 min.
Add 5.0 mL of 50% w/w sodium hydroxideto the 1.0 L
of degassed water.

Nitrate Stock Solution
Dissolve 137 mg of sodium nitrate in 100 mL of
deionized water to make up a 1-g/L stock solution.

Nitrite Stock Solution
Dissolve 150 mg of sodium nitrite in 200 mL of
deionized water to make up a 1-g/L stock solution.



Extraction Procedure

Weigh 10.0 g of ham or salami and transfer to a
blender. Add 100 mL of deionized water to the meat
sample. Liquify the meat samplein the blender for 1
minute. Heat the liquified sample and maintain the tem-
perature of the sample between 70 °C and 80 °C for 15
min.%° Allow the sample to cool to room temperature.
Centrifuge the sample at 4960 x g (6000 rpmin a
Beckman GA-10 rotor) for 10 min. Remove the
supernatant. Successively filter the supernatant through
the following filters: Whatman No. 2 and GF/A filters
and 1.2 um and 0.2 um Acrodisc filters. Collect the
filtrate for HPLC analysis.

RESULTS AND DISCUSSION

Figure 1 shows a separation of the nitrate and nitrite
standards. Figure 2 shows a separation of nitrate and
nitrite from the ham extract. The amounts of nitrate and
nitrite, as shown in Table 1, were determined to be 5.37
and 11.6 mg/kg, respectively. The dip before the nitrite
peak apparently is due to the elution of chloride (ap-
proximately 400 mg/L). The amount of chloride can be
determined using a suppressed conductivity detector in
series with the UV detector (data not shown).

Figure 3 shows a separation of nitrate and nitrite from
the salami extract. As shown in Table 1, the amounts of
nitrate and nitrite in salami were determined to be 98.5 and
108 mg/kg, respectively. Similar to the ham sample, there
isadip immediately before the nitrite peak due to the
elution of chloride.

Table 1 Concentration of Nitrate and Nitrite

in the Ham and Salami Samples

Amount of| Amount of | Concentration | Concentration
Nitrite Nitrate of Nitrite in of Nitrate in
(mg/kg) | (mg/kg) 100 mL of 100 mL of
Extract (mg/L) | Extract (mg/L)
Salami 108.0 98.5 10.8 9.85
Ham 11.6 5.37 1.16 0.54
Recovery

As shown in Table 2, predetermined amounts of
nitrate or nitrite standards were added to each of the meat
samples and allowed to be absorbed by the meat samples
for 10 min. The amounts of nitrate and nitrite were then
determined following the same extraction and separation
processes. Table 2 shows the recovery results. Over 90%
recoveries of nitrate and nitrite standards from both the
ham and salami samples were obtained.

Table 2 Spike Recovery Data

Amount | Amount Total Recovery
Present | Added | Recovered (%)
(mg/kg) | (mg/kg) | (mg/kg)
Nitrite in Salami 108.0 120.0 218.0 92
Nitrate in Salami 98.5 100.0 195.0 97
Nitrite in Ham 11.6 15.0 27.0 103
Nitrate in Ham 5.37 6.50 114 92

Precision

The degree of agreement among individual test
results was determined and expressed as Relative
Standard Deviations (RSDs). Table 3 shows the RSDs
of retention time and peak areas of nitrate and nitrite.
For both ham and salami, peak area RSDs were below
3% and retention time RSDs were less than 0.5%. No
detectable changes in retention time were noticed after
117 injections of salami and ham samples.

Table 3 Peak Area and Retention Time RSDs

RSDs RSDs RSDs RSDs
of Nitrite | of Nitrate | of Nitrite | of Nitrate
Peak Area | Peak Area | Retention | Retention
(%) (%) Time (%) | Time (%)
Salami,n=5 2.7 2.9 0.2 0.3
Ham,n=5 2.3 1.0 0.2 0.2

Linearity and Limit of Detection

Detection limits and linearity data are shown in
Table 4. The coefficients of determination for nitrate
and nitrite were 0.9991 and 0.9995, respectively. These
values were calculated over three orders of magnitude.
Detection limits for nitrate and nitrite, determined at
three times the noise, were 50 pg/L (500 pg/kg) and
30 pg/L (300 pg/kg), respectively.

Table 4 Detection Limits and Linearity Data

Concentration Range r2 Detection
Limit
Nitrate 500 pg/kg—3.75 g/kg 0.9991 500 pg/kg
Nitrite 300 pg/kg—3.00 g/kg 0.9995 300 pg/kg

Application Note 112 3



CONCLUSION REFERENCES

B The method described in this Noteisa simple and 1. Swann, P. F. Proc. Roy. Soc. Med. 1977, 70, 113.
accurate analytical method for determining nitrate 2. Roberts, T. A.; Ingram, M. C. Proceedings of the
and nitrite in meat samples. The lonPac AS11 Second International Symposiumin Nitrite on Meat
column provides ideal selectivity not only for the Products; Tinbergen, B. J.; Kral, B.,
separation of Eds.;Wageningen: PUDOC 1977, 29-38.
nitrate and nitrite, but also for the separation of the 3. Olsman, W. J. Proceedings of the Second Interna-
analytes from matrix components, which are eluted tional Symposiumin Nitrite on Meat Products;
mostly in the void. Tinbergen, B. J.; Krol, B., Eds.Wageningen:

B With the 5-min, 200 mM sodium hydroxide wash PUDOC, 1977, 101-110.
step, retained ions and organic species are eluted. 4. Dennis, M. J.; Key, P. E.; Papworth, T.; Pointer, M.;
Thus, this method eliminates the need for time Massey, R. C. Food Additives and Contaminants.
consuming and costly sample pretreatment using 1990, 7, 455-461.
reversed-phase or ion-exchange cartridges and protein 5. Cassens, R. G. Food Technology. 1995, 72—115.
precipitating reagents. 6. deKleijin, J. P; Hoven, K. Analyst. 1984, 1009,

527-528.

B The DX-500 system (PEEK system) isdesigned to be 7. Jackson, P. E.; Haddad, P. R; Dilli, S. J.
compatible with high-pH eluents such as sodium Chromatogr. 1984, 295, 471-478.
hydroxide. Combined with the ASA0 autosampler, the 8. Alonso, A.; Etxaniz, B.; Martinez, M. D. Food
anaytical system provides an ion-free environment for Additives and Contaminants. 1992, 9, 111-117.
the determination of nitrate and nitrite at the sub-mg/L 9. Eggers, N. J,; Cattle, D. L. J. Chromatogr. 1986,
(sub-ppm) levels. 354, 490-494.

PRECAUTIONS LIST OF SUPPLIERS

Detectable changes (more than 10%) of nitrate and
nitrite concentrations from the meat extracts were
observed after the extracts were kept at room tempera-
ture for more than 24 h. Analysis should be completed 2.
within 24 h after extraction.

Chloride was present at concentrations of approxi-
mately 400 mg/L and 1600 mg/L in the ham and salami

1. Fisher Scientific, 711 Forbes Ave., Pittsburgh,
Pennsylvania 15219-4785, USA.

Tel.: 800-766-7000

Whatman LabSales, Inc., 5285 NE Elam Young
Parkway, Suite A400, Hillsboro, Oregon 97124,
USA.

Tel.: 800-942-8626

samples, respectively. It isimportant to dilute the
extracts so that no more that 400 mg/L of chlorideis
loaded onto the column. If too much chlorideisin-

3. Gelman Sciences, Inc., 600 S. Wagner Road, Ann
Arbor, Michigan 48106-1448, USA.
Tel.: 800-521-1520

jected, the nitrite peak may elute earlier and be poorly
resolved from the chloride dip, causing difficulty in
peak area determination.
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