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The modification of a newly developed method for
determination of apparent total N-nitroso com-
pounds by chemical denitrosation and chemilumi-
nescence detection of nitric oxide (thermal energy
analysis) is described. The minimum level of reli-
able measurement was 0.1 ppm, and the repeatabil-
ity of the method was 0.2 ppm, based on the re-
sponse of N-nitrosoproline (NPro). Seventy-three
samples of cured-meat products, including frank-
furters, bacon, and ham, were examined; 50 sam-
ples contained less than 1 ppm. The largest
amounts, up to 24.8 ppm, were detected in canned
corned beef. This method has several advantages
over other methods.

methylamine (NDMA,; 1), extensive work has been per-
formed to determine the role of nitrosamines in causing
human cancer. As a result, nitrosamines have been analyzed
extensively in foods and beverages (2). Techniques for the de-
termination of parts-per-billion levels of volatile nitrosamines
in foods are now well established (3). Development of analyti-
cal methods for nonvolatile nitrosamines, however, has been
slow and restricted primarily to nitrosoamino acids, nitrosami-
nes containing hydroxyl groups, or a combination. Volatile de-
rivatives of nonvolatile nitrosamines are generally made to per-
mit direct analysis by gas-liquid chromatography (GLC) with
chemiluminescence (thermal energy analyzer, TEA) detection
of nitric oxide and confirmation by gas chromatography/mass
spectrometry (GC/MS) (4). Despite the ability to interface a
liquid chromatograph to a TEA (5), this technique has not been
widely adopted for analysis of nonvolatile nitrosamines in food
products because of problems with aqueous mobile phases.
Another problem has been lack of information on the iden-
tity of nitrosamines likely to be encountered. For this reason,
several attempts have been made to determine the amount of
“total” nitroso groups that will estimate the sum of the volatile

S ince the discovery of carcinogenicity of N-nitrosodi-
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and nonvolatile nitrosamine contents of food products. Daiber
and Preussmann (6) proposed the use of UV light to selectively
cleave the N-NO bond to liberate nitrite, which could be de-
tected colorimetrically after addition of the Griess reagents.
This technique takes advantage of the fact that nitrosamines are
photolabile. Eisenbrand and Preussmann (7) used chemical de-
nitrosation with hydrogen bromide. Released nitrite was ana-
lyzed spectrophotometrically by the same method.

Walters et al. (8) used TEA for chemiluminescence detec-
tion of nitrosyl halide generated by hydrogen bromide in glacial
acetic acid. The main advantage of this method is that food can
be analyzed directly, without the need to extract the nitrosami-
nes from the sample. However, this method has several disad-
vantages. The most important is its inability to ensure the re-
sponse is only from N-nitroso compounds and not from some
other nitric oxide compounds (9). Recognition of the nonspeci-
ficity of this “total” N-nitroso method led several investigators to
add “apparent” to the term “total N-nitroso compounds” (ATNC).

Despite its shortcomings, the Walters method provided
some valuable information on the possible N-nitroso com-
pounds in a variety of foods and beverages, including fried ba-
con and beer (10, 11). Variations and improvements of this
method for analysis of environmental samples (12), gastric
juice (13, 14), cutting oils (15), and feces (16) were reported.

In 1990, Havery (17) reported an improved detection
method for determination of nonvolatile nitrosamines. It uses a
postcolumn system to denitrosate the nitrosamine with hydro-
gen iodide in an aqueous mobile phase. The technique can be
used without an LC column to estimate the ATNC content of
samples. Reanalysis with a column can then help identify the
compounds responsible for the nitric oxide response. Applica-
tion of this method to sample analysis was not given. We inves-
tigated the Havery method for determination of ATNC because
it offers some potential advantages over other available methods,
particularly its ability to detect labile nitrosamines. In this paper,
we describe our modification of this method and the results ob-
tained from a survey of different types of cured-meat products.

METHOD

Reagents

(Caution: N-Nitrosamines are potential carcinogens. Exer-
cise care in handling these compounds.)



(@) Acetonitrile (AcCN).—LC grade (Burdick & Jackson,
Muskegon, MI).

(b) Sulfuric and glacial acetic acids.—Analytical reagent
grade (Mallinckrodt, Inc., Paris, KY).

(¢) Potassium iodide (KI)—Granular, ACS grade (Fisher
Scientific, Malvern, PA).

(d) Sulfamic acid—Used without further purification
(Pfaltz & Bauer, Inc., Waterbury, CT).

© (e) N-Nitrosamines.—N-Nitrosoproline (NPro), N-ni-
trosothiazolidine-4-carboxylic acid (NTHZC), N-nitrososar-
cosine (NSar), N-nitrosohydroxyproline (NHPro), N-nitro-
somethylurea (NMU), and N-nitrosomethylacetamide (NMA)
were synthesized from their corresponding parent compounds
and sodium nitrite under acidic conditions and purified by
either vacuum distillation or recrystallization according to the
general procedure described previously. Their identities and
purities were established by MS (18). N-Methyl-N'-nitro-N-ni-
trosoguanidine (NNMG) was purchased from Sigma Chemical
Co. (St. Louis, MO) and used without further purification.

() LC working standard solution—NPro in AcCN at a
concentration of 1 pg/mL.

(8) Meat products—Random samples were obtained from
local retail outlets. Grind samples through a 146 in. plate before
analysis and store in a —20°C freezer until analyzed. For the
cooking experiment, split frankfurters in half lengthwise and
broil in a preheated electric oven 4.5 in. from the heating ele-
ment for 3 then 2 min per side; fry bacon slices in preheated
electric frying pan at 375°C for 3 min per side.

Apparatus

(@) Homogenizer—Tissumizer Model SDT-1810
equipped with a 10N shaft (Teckmar Co., Cincinnati, OH).
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(b) Refrigerated centrifuge—Sorvall Model RC-5B (Du-
Pont Instruments, Wilmington, DE).

(¢) Mixer—Lab-Line Super-Mixer (Lab-Line Instru-
ments, Melrose Park, IL).

(d) LC injection valve—Rheodyne Model 7125 (Keystone
Scientific, Bellefonte, PA).

(€) Detection system.—A diagram of the system is shown
in Figure 1. An Altex Model 332 pump (Beckman Instruments,
San Ramon, CA) was interfaced to a TEA Model 502 chemilu-
minescence detector (Thermedics, Inc., Woburn, MA). The
mixing valve was the same as that described by Havery (17).
The TEA operating conditions, the Teflon tubing reaction coil
system, the solvent trapping system, and the fitting adapted to
aspirate the sulfuric-acetic acid were the same as described pre-
viously (17).

Determination of ATNC

A schematic of the extraction procedure is shown in Fig-
ure 2. Weigh 10.0 g comminuted sample into a 35 mL plastic
centrifuge tube, add 15 mL acetonitrile, and homogenize for
5 min at medium speed. Centrifuge the sample for 45 min at
15 000 rpm at 2°C. Decant the supernatant into a 25 mL gradu-
ated cylinder and measure the volume of the sample extract (top
layer, if 2 layers are present). Take a2.0 mL aliquot, add 0.6 mL
10% sulfamic acid in 1N sulfuric acid, and mix with the mixer
for 5 s. Let phases separate. Use a 100 UL syringe to take SO uL
sample from the top layer and inject into a stream of 2% KI
(flow rate of 1.5 mL/min) via the Rheodyne valve. Aspirate
10% sulfuric acid in glacial acetic acid into the stream, then
pass that mixture through the reaction coil immersed in a 70°C
water bath. The nitric halide or oxide resulting from the deni-
trozation reaction is swept through one ice water and 2 dry ice—
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isopropyl alcohol cold traps by a stream of helium sufficient to
maintain a TEA vacuum of 1.0 mm Hg. Analyze each sample
in duplicate. Calculate the average response based on peak
heights of 4 determinations of both the NPro standard and the
cured-meat sample extract. This procedure was carried out by
injecting 50 uL NPro standard directly into the solvent stream
without sulfamic acid treatment. Calculate the amount of
ATNC in the sample as follows:

Vsample
10 g sample

PHsample x 1 I'Lg Nprostd

ppm (as NPro) = PH, L

where PHg,mp. = peak height of the sample, PHyy = peak
height of the standard, and V,pple = volume of the sample ex-

tract in milliliters.

The minimum level of reliable measurement was 0.1 ppm
(signal-to-noise ratio, 2:1), and the repeatability of the method
was 0.2 ppm.

Results and Discussion

Other researchers (8, 15, 19) indicated the necessity of re-
moving residual nitrite present in the samples before analysis
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Figure 2. Schematic sample preparation procedure for
determination of ATNC.

because it interferes with quantitation of ATNC by giving a
false-positive response. Under our experimental conditions, the
nitrite response was 60% of that obtained for NPro on an equi-
molar basis. In preliminary experiments, extracts from 7 sam-
ples of commercial frankfurters gave ATNC responses ranging
from 0.6 to 22.0 ppm (calculated as NPro). This result paral-
leled the residual nitrite content. This result was obtained even
after addition of 0.5 mL 10% sulfamic acid in IN sulfuric acid,
a treatment that destroyed 50 ppm NaNO, in an aqueous solu-
tion at room temperature after 2 min. This procedure had no
effect on NPro, NTHZC, or NSar and resulted in only 11%
decomposition of NHPro.

To determine whether the TEA response was due to residual
nitrite, more sulfamic acid was added. Each addition resulted
in a decrease in peak size. Heating the sample after sulfamic
acid addition eliminated the response completely. This treat-
ment destroyed both the nitrite and other N-nitroso compounds
that might have been present. Attempts to modify the sulfamic
acid method by raising the pH of the sample extract and by
passing the extract through a strong anion-exchange cartridge
were not satisfactory in eliminating all the nitrite. One approach
to solving this problem was to extract the nitrosamines from the
sample with an organic solvent, thereby leaving the nitrite be-
hind in the aqueous layer. Methanol extraction of a ground
frankfurter fortified with 2 ppm NNMG, NMU, or NMA gave
low recoveries. '

Ethyl acetate extraction resulted in highly variable recover-
ies, but AcCCN was effective for the nitrosamines studied. Only
a small amount of residual nitrite was taken up by AcCN. Wal-
ters et al. (20) recommended that, whenever possible and par-
ticularly when large amounts of nitrate are present, extraction
of N-nitroso compounds be carried out with a water-immiscible
solvent. Even though AcCN and water are miscible in the ab-
sence of the sample, 2 layers are formed when the sulfuric
acid-sulfamic acid solution is added. In our experiments, the
layers were noticeable because of sample pigments present in
the top layer. The rapid and mild conditions, used for nitrite
removal, described in the METHOD section did not compro-
mise the acid-labile nitrosamines. Because of the formation of
the 2 layers, the nitrosamines in the upper AcCN layer had only
limited exposure to the acid at the interface.

AcCN extraction of NPro from 6 ham samples fortified at
1 ppm and analyzed in duplicate gave an average recovery of
65.9%. NTHZC, NSar, NMU, NNMG, NMA, and NHPro ex-
tractions gave similar results. For these analyses, a 2% aqueous
KI system was used before injection instead of 10% KI postin-
jection as reported by Havery (17). This protocol gave a less
noisy signal and a higher response for a nitrosamine standard
than that obtained by adding both 6% KI and acid postinjection,
the conditions that previously gave us the best results. This im-
provement suggests that the denitrosation reaction is more ef-
ficient with KI added before rather than after injection with the
acid. A linear response was found for 25 to 600 ng of the refer-
ence standard NPro (% = 0.9393). This amount is equivalent to
0.7to 17.0 ppm in a 10 g sample.

Seventy-three samples of uncooked cured meats, repre-
senting a wide variety of product types, were analyzed. Results



are shown in Table 1. Most of the samples, with few excep-
tions, contained less than 1 ppm ATNC (as NPro). For example,
a mean value of 0.3 ppm ATNC was obtained for the most
popular cured-meat product, frankfurters. The frankfurters ana-
lyzed included 12 made with pork or beef or a combination, 6
with chicken, and 5 with turkey. No significant difference was
noted among the franks made with different meats. The
10 samples of bacon, from 6 different manufacturers, also con-
tained less than 1.0 ppm ATNC. One of these samples was a
poultry bacon analogue product. Bacon was previously associ-
ated (21, 22) with formation of NDMA and N-nitrosopyrrolid-
ine as a result of frying. Fermented products comprised “hard”
salamis (n = 4), a similar heavily smoked product called Leba-
non bologna, a pepperoni, and a dried-beef stick snack item.
The highest ATNC levels in this group were found in the beef
stick and the salami products. Two salami products contained
2.4 and 2.5 ppm.

These findings suggest that beef-containing products may
have the highest ATNC content. For this reason, 5 samples of
dried beef from 4 manufacturers were tested; 2 had ATNC val-
ues of 1.2 and 3.2 ppm. Products designated “other” included
typical deli luncheon meats such as bologna, salami, pepper
loaf, corned beef, and souse, which is a specialty item in the
Pennsylvania area. The highest values in this group were found
in one of the salamis and the corned beef. Results for the deli
corned beef luncheon meat suggest that canned corned beef
* should also be tested for ATNC. Even though both products are
called “corned beef,” they are processed differently. Deli
corned beef is usually made from an intact brisket or muscle
and cured by an immersion process yielding a sliceable pink
product. With canned corned beef, the nitrite-containing meat
is retorted in the can; the result is a fibrous, red product. Canned
corned beef is not made in the United States; this product is
usually produced in Argentina and Brazil but marketed under
the house and brand names of several major U.S. companies.
Unlike other product types examined, none of the 10 samples
of canned corned beef contained less than 1 ppm ATNC (mean
value, 7.9 ppm).

Most striking were 2 samples containing over 10 ppm
ATNC: 12.6 and 24.8 ppm. Massey et al. (10) found 600

1400 ug (N-NO)/kg in 5 unspecified canned products. This
range is equivalent to 2.0-4.6 ppm when the calculation is
based on the NPro response. By contrast, in a survey of
6 canned hams, only 1 sample was in excess of 1 ppm ATNC
(1.6 ppm). Four conventionally smoked, boneless hams pro-
duced in elastic rubber netting gave similar results, with highest
value at 1.1 ppm. Also, higher amounts of nitrosamines could
be present\in these hams because of components in the rubber
nettings (23).

To study the effect of home cooking on ATNC, 26 of the
same frankfurter and bacon samples were analyzed after cook-
ing. After taking the 0.2 ppm repeatability (24) of the method
into consideration, only 4 samples showed an increase in
ATNC after cooking. A slight increase, from 0.7 to 1.1 ppm,
was noted in one chicken-containing frankfurter of the
16 broiled frankfurters tested. Broiling was selected because it
yielded the highest levels of NDMA in frankfurters (25). Of the
10 fried bacon samples, 1 showed a slight increase and
2 showed significant increases in ATNC, from 0.7 to 2.8 and
from 0.9 to 1.9 ppm, respectively. The latter product was a ba-
con analogue product.

In a survey of foods and beverages, Massey et al. (10) found
470-6000 pg (N-NO)/kg (equivalent to 1.5-19.6 ppm calcu-
lated by our method) in 5 samples of uncooked bacon. From
360 to 2400 pg (N-NO)/kg (equivalent to 1.2-7.9 ppm) was
found in the cooked product. In this case (10), the homogenized
sample was shaken in ethyl acetate containing 1% o-toco-
pherol before reflux. Then acetic acid was added to release ni-
tric oxide from acid-labile compounds like nitrite and ni-
trosothiols. Addition of HBr in acetic acid then cleaved the N-
nitroso-containing compounds.

More recently, the same researchers (26) reported 430~
6800 pg (N-NO)/kg (equivalent to 1.4-22.3 ppm NPro) in
fried bacon (n = 26). The sample was blended with aqueous
sulfamic acid before chemical denitrosation. The difference be-
tween these and differences in our results could be due to vari-
ations in amounts of ingredients and processing and frying con-
ditions used in the United Kingdom and un the United States.
In addition, UK producers use meat from the swine’s back for
bacon, whereas those in the United States typically use meat

Table 1. Apparent total N-nitroso content of cured-meat products

No. samples in range®

Product n Range, ppm? Mean? ND-1.0 1.1-5.0 5.1-10.0 >10
Frankfurters 23 ND-0.8 0.27 23 — —_ —
Bacon 10 ND-1.0 0.50 10 — — —
Salami (fermented) 8 0.2-2.5 1.31 3 5 — —
Dried beef 5 0.3-3.2 117 3 2 —
Corned beef (canned) 10 3.9-24.8 7.88 —_ 3 5 2
Ham (canned) 6 0.2-1.6 0.79 5 1

Ham (netted) 4 0.8-1.1 0.93 3 1 — —
Other 7 0.2-24 1.22 3 4 — —

2 Calculation based on response of NPro.
b ND, not detected; —, n=0.



from the belly. Another major difference is that the 2 methods
detect different sources of nitric oxide. The thermal instability
of some N-nitroso compounds in heated ethyl acetate and the
direct use of acetic acid and sulfamic acid may prevent analysis
of heat- and acid-labile nitrosamines that our method attempts
to analyze by first extracting the sample with AcCN. Unlike
other methods, where direct contact between sulfamic acid and
nitrite occurs, the AcCN solvent extract in our method only has
minimal contact at the aqueous interface that is sufficient to
destroy any small amount of residual nitrite present. Because
there are no flasks, condensers, or other glassware to disassem-
ble, a large number of samples can be analyzed daily. The only
disadvantage may be that the method is restricted to N-nitroso
compounds soluble in AcCN. The limitations associated with
this solvent cannot be assessed until the compounds responsi-
ble for the TEA response are elucidated.

None of the available ATNC methods gives information on
individual nitrosamines, but all provide data that may be useful
in identifying products that have the potential for containing
high concentrations of N-nitroso compounds. The results ob-
tained for canned corned beef suggest that this product warrants
further examination for components responsible for the high
ATNC. This method could also provide information on the na-
ture of nitrosamine precursors, similar to that reported by
Massey et al. (26). For example, total N-nitroso compound lev-
els in fried bacon were higher than combined levels of simple
volatile nitrosamines, nitrosoamino acids, and other nitrosami-
nes that currently can be analyzed. They also found (26), on
average, that only 16% of the total ANTC is accounted for by
the sum of individual nitrosamines analyzed. Tricker et al. (27)
showed that 50% of the total N-nitroso compound content is
associated with an insoluble protein fraction in adipose tissue
that is responsible for N-nitrosopyrrolidine in fried bacon.
Other compounds giving an ATNC response may have the abil-
ity to transnitrosate secondary amines, amino derivatives, and
amides. A good example of this process is the nitrite-lipid re-
action product derived from bacon fat (28).

Conclusions

The reported method can of identify products that may con-
tain high levels of N-nitroso compounds. Results for canned
corned beef suggest that this product warrants further examina-
tion of components responsible for the high ATNC values not
observed for other products. This method for total N-nitroso
compounds has a number of advantages over other reported
methods: detection of thermally labile compounds, minimal
loss of acid-labile nitrosamines, and high sample throughput.
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