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Introduction

We have recently identified N-nitrosothiazolidine (NTIIZ} in fried bacon (1) and developed a dual ¢,
tion method for its simultaneous determination with N-nitrosodimethylamine (NDMA) and ~pyrrolidj
NTHZ vas originally observed in occasional fried baton samples when anslyzed by the mineral oil diStiIL|‘
Thermal Energy Analyzer method, which has been shown Lo artifactually form nitrosamines (NAs) during gy
(3,4), including NTHZ (1). Our dual column extraction method gave no evidence for artifactually formi W
including NTHZ, as a result of analysis. L
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N-Nitrosothiazolidine, derived from the nitrosation of thiazolidine, a Browning-type product of the
cysteamine-D-glucose-water (5), has been shown to be a direct acting mutagen by the Ames Salmonelila
Tts possible carcinogenic properties toward laboratory animals have not yet been determined.
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Analysis of 4 limited number of cured meat products of various types for NTHZ indicated this NA vas pre
primarily in bacon. The reason NTHZ appeared in only a small number of fried bacon samples was not readil
apparent, thus prompting us to determine the facters responsible ftor the formation of this nitrosamine,
Results of these studies are reported herein.

Materials and Metl.ods

stores.

Cured meat samples, Hacon samples were obtained from either local processors or purchased from local rpgag}

Reagents. Dichloromethane (DCH), pentane, and hexane were "Distilled in Glass” solvents from Burdick and);
Jackson lshoralories; all other reagents were purchased from commercial suppliers and used without further
parification. A complete list of reagents needed for the dual column method, and the preparation of the nif
samine standacds have been published (2,3) elsewherc.

Analyscs for nit-osamine. A general flow diagram of the procedure used for the isolation and detection of Nl
in cured meats iz showu in Figure 1, The details of the procedures used for the quantitation and confirmal
of NTHZ have besn reported elsewhere (1,2). The repeatability and reproducibility for the method have bs
shown Lo be 1.20 and 1.55 ppb, respectively, and the average recovery and standard deviation of the 10 ppb

added N-nitrosothiomorpholine (NTMOR) internal standard was 93.3% * 6.03% (2). The procedure for the-dg;
nation of 11 in hacon drippings was similar to that reported for NTHZ in cured meats, except for the foll
ing: To 10.4 ¢ boacon drippings in a 50 ml beaker, add 10 ml hexane and the NTMOR internal standard. The &
was Lransferved to the alumina column and the beaker rinsed twice with &4 ml hexane; then the procedure conl
ued as deacribed for cured meats, To test for artifactual nitrosamine formation, 10 ppm morpholine was a

to bacon drippivgs obtained from bacon that had a residual NaNO, of 38 ppm before frying. No detectable b
nitrogomorpholine was obtained. The average recovery and standard deviation of the NTMOR, added at the 10 pp!
level, was 81.8% % €,28%. 4ll the NTHZ values reported herein have been corrected for the recovery ?fi 1 T:
interaal standard in each individual sample. "N.D." connotes none detected which is <1 ppb, the minimum T}r
of reliable measurcoont,

Sodivm nitrite. The bacon samples were analyzed for residual NaNOz by the procedure described by Fiddler

Results and Liscussion
.
The addition of several potential precursors tu ground bacon prior to frying and the resulting levels of NIH
detected are shows in Table 1. Only thiszolidiae and cysteamine had a significant effect on NTHZ formatiom
wherees, the other venclants had no effect since the NTHZ levels were approximately the same as that fof
original wilys 1 bacon sample. Thiazolidine can readily react with residual nitrite in the bacon durlng:;
frying to for: ¢ whoreas cysteamine can react with formaldehyde, a fragmentation product of added ?f ::t-
genous sueal o lipid oxidation, and residual nitrite upon frying of the bacon to form NTHZ. The facL F;HIH
increase in 797 waz obhsevved upon addition of cysteine suggests that the direct reaction of cysteine ?1 if
formaladrhyile Lo form thiazolidine-4-carboxylic acid is not the mechanmism of NTHZ formation, Alternate Yin;_
present, ‘v ysteamine will not be expected to resnlt from the decarboxylation of endogeunous cysteine sre:J
‘oine to the bacon before frying did not increase the NTHZ level after frying. The samples Wi :
demethyl=N-nitrosothiazolidine (NMTHZ). Concentrations of 21.3 and 7.9 ppb NMTHZ for‘EHWP €8 8
! lively, were detected only when cysteamine was added. NMTHZ cap result during bacon Ir‘!mgn ;
the r: oI added cysteamine, residual nitrite and endogenous acetaldehyde, produced from the frﬂgm:te"
of sugars and oyidation of lipids. The absence of NMTHZ upon addition of acetaldehyde suggests‘t]'mt Eyctorﬂi
or other amine precursors is present only in very small concentrations and is therefore the limiting fa
NMTHZ production.

In the approximately 30 samples analyzed to date, typically when NTHZ was abseut in the uncooked ?acogée i
was detected after frying under the standard conditions (177°C for & min). Since NTHZ was found Jﬂ_s cimes |
bacon samples, a study was undertaken to determine the =ffect of varying cooking conditions and frqugua

the amount of NTHZ formed. The results are summarized in Table 2, All of the samples contained vesi e
nitrite even for those which did not contain NTHZ. For those bacon samples containing NTHZ, unexpectéC t]

. ; NTHE DX
uncooked contrels contained higher levels than the cooked samples. This may have been due to loss of




during cooking. [If the latter is not true, these results indicate that NTHZ was not formed
paking, or broiling, but that it was already present in the bacon. This differs from the two
ormally found in bacon, NDMA, and NPYR, which are formed during frying and are absent in the

t (9,10). No NTHZ was detected in samples 3 and 4 that were also subjected to the same cooking
e the fact they contained 13 amd 36 ppm residual NaNOg, respeclively.
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in bacon is known to decrease upon storage (11). Since a high positive correlation exists
siduaj nitrite pr%ar‘to frying and NPYR after frying (12), a corresponding decrease in NPYR has been
after cooking as nitrite decreased during storage. A similar study in which commercial bacon (pur-
'rchail stores) was stored under refrigeration conditions was carried out and analyzed for NTHZ. The
in Table 3 show that for any given sample, the NTHZ levels for either the raw or fried bacon showed no
: ward trend, but instead the variation in the NTHZ levels was not significantly different over 35
This was despite the average decrease in residual NaNOp from 12 to 1 ppm. Therefore, refrig-
r; e of Lthe bacon did not effect the level of NTHZ found. No significant decrease was noted when 10
was added to nitrite-free bacon then heated at 185°C for 6 min. in either an open or closed Wheaton
then agnalyzing the entire flask contents. This indicates that under the bacon frying conditions
4n other experiments, NTHZ is not destroyed by heating and that the slightly lower NTHZ observed
the ravw and fried product may be either due to slight volatization of the NA or some solubilily in the
.ijnsg that were not analyzed.

unt development of a method for NTHZ determination in bacon drippings and analyses of 14 samples,
s to compare the NTHZ values in raw and fried bacon and its drippings. The results are shown in
In the five samples where NTHZ was not detected in the raw bacon, none was detected in the fried
jts drippings. Comparison of the NTHZ levels in raw bacon with fried bacon and its drippings would
an increase in the NTHZ levels as a result of frying. However, based on an average of 34% edible
roduct and 31% drippings yield from frying the corresponding whole raw bacon, calculation of the amount
9 ghows that it is higher in raw bacon than in the combined fried product and drippings. Therefore,
sults suggested that NTHZ was not formed during frying. The residual NaNOy levels for the 14 samples
e 4 vavied from 7 to 44 ppm, which was independent of the NTHZ concentration.

 the purpose of these investigations, bacon was selected primarily from a few processors in which NTHZ was

od consistently, not from the majority where NTHZ was always absent. 1In cooclusion, the data presented show

frying is not responsible for NTHZ formation. This is because NTHZ is absent in fried bacon and its drip~

when not present in the raw whole bacon and when present, NTHZ was higher in the latter compared to the
total of the fried product and its drippings. It appears that NTHZ and its precursor(s) are already
in the bacon prior to frying. The results suggest that NTHZ formation in bacon is associated with the
ng step, however, the precise cause is not known at this time. Studies in this area are currently in
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Figure 1 SCHEMATIC OF DUAL COLUMN METHOD
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Table 1. Effect of addition of potential precursors
on NTHZ formation in bacon.

NTHZ (ppb)

Added reactant? Sample lb Sample 2 Sample Bd

o

None 3
Thiazolidine
Cysteamine
Cysteine
Cystine
Methionine
Formaldehyde
Acetaldehyde

w
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30
3B
3.
3
6
3

2 Reactants (1000, ppm) added to ground 8ommercial
s b ¢

bacon containing 36 ppm, 34 ppm, and 1 pPpm

residual NaNO, then fried at 177°C for 6 min.




Table 2, Effect of cooking on NTHZ formation in bacon.

—_—

Cooking treatment; NTHZ (ppb)

Residual Frying time (min.)?
NaNOy e
gample no. (ppm) 6 9

O e ———i ——

36
13
29, 36
34
13

Cooking conditions: a 177°C; N 204°C for 13 min.; € 1.6-2.4 cm below source
(305°C) for 5 min.

Table 3. Effect of storage on NTHZ formation in commercial
bacon.

Bacon storagea (days); NTHZ (ppb)

0 14 35

Sample no.

o Storage temperature, 5°C.
Fried at 177°C for 6 min.

Table 4. Comparison of NTHZ content in raw
bacon, its fried product, and
drippings.

H-Nitrosothiazolidine (ppb)

Sample no. Raw Fried? Drippings
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2 Fried at 177°C for 6 min.
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1trosamines are potential carcinogens. Exercise care in handling these waterials.
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_sﬂCe to brand or firm name does nol constitute endorsement by the U.S. Department of Agriculture over
i °f a similar nature not mentioned.




