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A Research Note
N-Nitrosothiazolidine and its 4-Carboxylic Acid in
Frankfurters Containing Alaska Pollock

JOHN W. PENSABENE, WALTER FIDDLER, ROBERT A. GATES, MALCOLM HALE, MICHAEL JAHNCKE,
and JAN GOOCH

ABSTRACT

In marine fish of the gadoid family trimethylamine oxide can decom-
pose to formaldehyde. It can then react with cysteine and cysteamine,
that may in turn react with nitrite, if present, to form N-nitrosothia-
zolidine-4-carboxylic acid (NTHZC) and N-nitrosothiazolidine (NTHZ).
The NTHZC and NTHZ content of Alaska pollock surimi-meat frank-
furters were similar to or lower than those found in an all-meat control,
even at 50% substitution. No correlation was found between age of
the fish protein prior to processing into surimi meat frankfurters and
any measured variables.

INTRODUCTION

THE CONCERNS about nitrosamine formation in nitrite-cured
combination fish-meat products have focused primarily on N-
nitrosodimethylamine (NDMA), a known animal carcinogen
(Barnes and Magee, 1954). This is because high concentrations
of dimethylamine (DMA), the principal precursor of NDMA,
can be formed in fish, particularly those in the gadoid family
(Castell et al., 1971). This occurs when trimethylamine oxide
(TMAO) undergoes decomposition. The other decomposition
product, formaldehyde, can react with cysteine and its decar-
boxylated derivative, cysteamine, to form N-nitrosothiazoli-
dine-4-carboxylic acid (NTHZC) and N-nitrosothiazolidine
(NTHZ), respectively, after nitrosation (Pensabene and Fid-
dler, 1985). Presence of these nitrosamines in significant quan-
tities may indicate the presence of other potentially carcinogenic
nitrosamines in foods, even though NTHZ has been found non-
carcinogenic (Lijinsky et al., 1988). Wood smoke and liquid
smoke condensate, commonly used to impart flavor to processed
meats, can also be a source of formaldehyde (Pensabene and
Fiddler, 1983a).

The occurrence of NTHZC and NTHZ in smoked, cured,
all-meat products has been studied extensively (Pensabene and
Fiddler, 1983b; Pensabene and Fiddler, 1985; Sen et al., 1985,
1986; Fiddler et al., 1989). Sen et al. (1986) found up to 1600
ppb NTHZC in 1 of 8 positive samples in 20 smoked fish
samples. Siddiqi et al. (1988a) found 23 and 82 ppb NTHZC
in dried and smoked fish, respectively. They (Siddiqi et al.,
1988b) also found 3294 ppb NTHZC in another smoked fish
sample vs. 225 ppb in dried fish. Tozawa and Kawabata (1986)
reported between 1.2 and 13.5 ppb NTHZ in 12 of 32 direct
dried, commercial fish meal samples. However, there are no
reports of NTHZC and NTHZ in combination fish-meat prod-
ucts.

The USDA Food Safety and Inspection Service (FSIS) has
been petitioned to amend the standard of identity for cooked
sausage to permit inclusion of fish protein into frankfurters as
an optional ingredient. This would not only make use of un-
derutilized fish protein, but also has the potential to increase
the nutritional and sensory quality. However, for regulatory
approval, ascertaining the potential for nitrosamine formation
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in nitrite cured products containing added fish protein is im-
portant.

The objective of our study was to investigate the effect of
the form of fish protein, percent meat substitution, and frozen
storage conditions on the formation of NTHZC and NTHZ in
combination fish-meat frankfurters.

MATERIALS & METHODS
Fish-meat frankfurters

Frankfurters in which 0, 15, or 50% of the meat was substituted
with Alaska pollock unwashed or washed mince or surimi, were pre-
pared with 156 ppm sodium nitrite and 550 ppm sodium erythorbate
using standard industry guidelines, including a smoking cycle, by the
Charleston Laboratory of the National Marine Fisheries Service and
then shipped to ERRC as described previously (Brooker, 1985; Pen-
sabene and Fiddler, 1988). Prior to processing into frankfurters, some
of the fresh mince and surimi was stored an additional 30 or 180 days
at —20°C.

Sodium nitrite analysis

Residual sodium nitrite (NaNO,) was determined in 10.0 g of un-
cooked, ground sample by the modified Griess-Saltzman procedure
(Fiddler, 1977).

TMAO analysis

TMAO was determined in the combination fish-meat frankfurters
using a procedure recently developed for volatile amines in such prod-
ucts (Fiddler et al., 1991).

NTHZC and NTHZ analysis

NTHZC was determined in the combination fish-meat frankfurters
using a recently developed method to isolate and quantitate 10 dif-
ferent N-nitrosoamino acids (Pensabene and Fiddler, 1990). NTHZ
was determined in the combination fish-meat frankfurters using a
modification of the method developed for all-meat products (Pensa-
bene and Fiddler, 1982). During the initial column extraction proce-
dure, two separate columns were used instead of one, as described
for analysis of NDMA in such products (Pensabene and Fiddler, 1988).

Statistical analysis

The General Linear Models (GLM) procedure (Analysis of Vari-
ance and Linear Regression Analysis at p < 0.05) of the Statistical
Analysis System PC software distributed by SAS Institute, Inc. (1985)
was used to analyze results. These results were then interpreted ac-
cording to methods of Snedecor and Cochran (1979).

Safety note

Precaution should be taken in handling nitrosamines, since they are
potential carcinogens.

RESULTS & DISCUSSION

AS PART of a larger comprehensive study on combination
fish-meat frankfurters for the presence of N-nitrosamines,
frankfurters prepared with Alaska pollock mince and surimi



Table 1—N-Nitrosothiazolidine and N-nitrosothiazolidine-4-carboxylic acid in Alaska pollock-meat frankfurters

NaNO,, ppm TMAQ, ppm _ NTHZ, ppb NTHZC, ppb

Form % Fish Range Avg Range Avg Range Avg Range Avg
All Meat? 0 15-68 41 0.8-4.3 1.5 2.8-6.5 44 113-270 188
Unwashed? 15 30-85 59 160-390 301 7.8-25.7 133 359-957 531

50 36-110 80 546-1454 1089 8.8-22.2 15.8 210-877 412
Washed? 15 27-75 50 11-97 52 3.1-8.9 5.5 176-363 263

50 19-94 57 34-293 144 3.3-10.8 5.8 65-250 144
Surimit 15 14-80 42 8-88 47 2.6-7.0 4.5 97-239 1562

50 21-101 47 26-279 131 2.3-9.9 4.9 50-171 102
an =26 ’
bn =46

were analyzed for NTHZ and NTHZC after smokehouse
processing. Results are shown in Table 1. Unwashed fish mince
is mechanically separated (deboned) fish. Washed mince
undergoes several washing steps, then has the water removed.
Surimi is the term for a product obtained from washed mince
to which cyroprotecting agents have been added to prevent
protein denaturation during freezing. To date, the major N-
nitrosoamino acid detected in all samples of this product type
was NTHZC. Although N-nitrosoproline (NPRO) was com-
monly found in all-meat products (Pensabene et al., 1979;
Tricker et al., 1984; Sen and Kubacki, 1987), this nitrosoam-
ino acid was detected only in trace amounts in a few samples.
This was expected since the reaction rate for nitrosation of
thiazolidine-4-carboxylic acid (THZC) is much faster than that
for proline under similar conditions (Siddigi et al., 1988a).
Statistical analysis of the data showed that NTHZ and NTHZC
levels were significantly lower (p < 0.05) in the frankfurters
made with washed mince or surimi than those containing un-
washed pollock. This demonstrated the effectiveness of the
washing procedure in removing both formaldehyde and cys-
teamine and cysteine the precursors for these nitrosamines. For
NTHZ, there was no significant difference between the all-
meat control and the surimi-meat containing frankfurters (4.4
vs 4.9 ppb), with a maximum of 10 ppb found in frankfurters
at the 50% substitution level. With the exception of heavily
smoked cured meat products, NTHZ is usually present at less
than 10 ppb (Pensabene and Fiddler, 1983b). The washed mince
containing frankfurters were slightly higher than either the sur-
imi or all-meat control frankfurters. There was no significant
difference in the NTHZC content in the frankfurters prepared
from washed mince and the all-meat control, with the surimi
containing frankfurters significantly lower than both. The high-
est average values for NTHZ and NTHZC in the surimi-meat
frankfurters, 4.9 and 152 ppb, respectively, were comparable
to those found in commercial all-meat frankfurters, 8.5 ppb
NTHZ and 58 ppb NTHZC, and cure-pumped bacon, 5.4 ppb
NTHZ and 370 ppb NTHZC (Pensabene and Fiddler, 1985).
For NTHZC, a significant difference (p < 0.05) was ob-
served between 15 and 50% substitution levels, but no differ-
ence was shown in NTHZ. However, the NTHZC values in
50% unwashed and washed mince and surimi-meat frankfurters
were lower than those at 15% substitution. The reason for this
unexpected difference is unknown. Neither cysteine, present
in relatively high concentrations in both meat and fish (Dennis
et al., 1979; Opstoedt et al., 1984; Pensabene et al., 1987),
nor its formaldehyde reaction product, THZC, appear to be
the limiting factors in the amount of nitrosamine formed. An-
other possibility is the amount of nitrite available to generate
nitrosating compounds. A significant correlation (p < 0.05)
existed between nitrosamine levels and residual sodium nitrite
and there was sufficient nitrite present that it would not be the
limiting reactant. However, the amount of formaldehyde pres-
ent may be a limiting factor due to its highly reactive nature.
For example, since fish protein is particularly high in lysine
and formaldehyde is strongly attracted to the epsilon amino
group of this amino acid (Anson and Edsall, 1945), this may
explain why less NTHZC was formed in samples containing
50% pollock than in those with 15%. In addition, Gill et al.

(1979) have shown that formaldehyde cross-links proteins in
muscle tissue of gadoids, forming a three-dimensional net-
work. This in turn causes textural toughness in the fish. These
types of reactions suggest that formaldehyde may be reacting
to a greater degree with the fish components than with the
meat to make less available for reaction with cysteine.

Other studies have shown that NTHZ and NTHZC were
formed in cured, all-meat products as a result of smokehouse
processing (Pensabene and Fiddler, 1983b; Sen et al., 1986;
Ikins et al., 1986). In addition to the formaldehyde generated
from wood smoke, there may have been an additional contri-
bution of formaldehyde in combination fish-meat products due
to the breakdown of TMAO in the fish (Castell et al., 1971).
This might cause additional formation of NTHZ and NTHZC.
For this reason, the TMAO content was determined at the same
time as the thiazolidine-containing nitrosamines. Similar t6 the
nitrosamine results, there was no difference in levels of TMAO
in washed mince and surimi (52 vs 47 ppm at the 15% sub-
stitution level and 144 vs 131 ppm at the 50% level), with
both forms significantly lower than their unwashed mince
counterparts. The apparent low values for TMAO in the all-
meat frankfurters (1.5 ppm) were not from TMAO, since no
TMAO was present in meat. Typically, TMAO is measured
indirectly in fish as trimethylamine (TMA) after reduction
(Fiddler et al., 1991). For all-meat frankfurters, TMAO results
reflect the TMA formed from reduction of phospholipids. Our
results again clearly showed that washing Alaska pollock mince
used to form surimi was effective in removing TMAO and
formaldehyde. We also found, as.expected, a significant dif-
ference (p < 0.05) in TMAO values between 15 and 50%
substitution levels.

Formaldehyde increases with the age of the fish held either
““on ice”’ or frozen due to increased decomposition of TMAO
(Castell et al., 1971; Babbitt et al., 1972). We found the age
of pollock (0, 30, 180 days) correlated with NTHZC only in
frankfurters made from unwashed mince; there was no corre-
lation with age in those containing washed mince or surimi.
There was also no correlation between age and NTHZ or TMAO.
Because of this, surimi frozen up to 180 days at —20°C, then
used to make frankfurters gave NTHZ and NTHZC values not
significantly different from the all-meat control (mean values:
4.6 ppb NTHZ, 138 ppb NTHZC in 180 day surimi vs 3.8
ppm NTHZ and 169 ppb NTHZC in the 180 day all-meat
controls).

CONCLUSION

THE NTHZ AND NTHZC CONTENT of surimi-meat frank-
furters were similar to or lower than those found in all-meat
controls, even at 50% substitution. The surimi containing
frankfurters had the lowest levels of TMAO, NTHZ and
NTHZC. Based on these findings, use of unwashed Alaska
pollack mince would not be recommended in combination fish-
meat frankfurters.
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