
NITROSAMINES I N  SPINACH AND BEETS 

tions were found in the stitch pumped as in the immer- 
sion cured products. 

The variability in amine concentration among pieces of 
pork belly can be seen by comparing the fresh bellies ob- 
tained from the two processors. The amines present are 
the end products of tissue or bacterial metabolism and 
may reflect the history (pre- and postslaughter treatment) 
of the belly. However, since no pattern is evident, i .e .  no 
belly or treated product contains a higher concentration of 
all the amines tested, it appears that the variability is 
random and differences are not due to either the curing 
treatment or the cooking-smoking step. 
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Changes in Nitrate and Nitrite Content, and Search for Nitrosamines in 
Storage-Abused Spinach and Beets 

Edward G. Heisler,* James Siciliano, Samuel Krulick, Jules Feinberg, and Joseph H. Schwartz 

Conditions favoring formation of nitrosamines- 
simultaneous presence of nitrite and secondary 
amines at  acid pH-can occur during abusive 
storage of comminuted fresh spinach or beets. 
Shredded spinach, shredded or ground fresh 
beets, or beet juice rapidly produced nitrite. One 
beet sample contained 1000 ppm of nitrite after 2 
days a t  room temperature and still appeared edi- 
ble. Shredded fresh spinach samples were consid- 
ered inedible when nitrite levels of 300-500 ppm 
were reached. Whole fresh and all forms of pro- 
cessed spinach and beets accumulated little ni- 

trite even though containing 1500-2000 ppm of 
nitrate originally. Selections from these tests, 
cooked and uncooked, and thawed, frozen, and 
thawed spinach were analyzed by a glc-mass 
spectral method for six nitrosamines (methyl-. 
ethyl-, and methylethylnitrosamine, nitrosopyr- 
rolidine, nitrosomorpholine, and nitrosopiperi- 
dine). Results were negative, indicating no de- 
tectable formation of these six nitrosamines when 
fresh or processed spinach or beets are stored 
even beyond the point of edibility. 

The possible occurrence in foods of nitrates and nitrites, 
and especially of nitrosamines, has recently become a 
matter of great concern because of the toxic or carcino- 
genic nature of some of these compounds (Aune, 1972; 
IFT, 1972; Wolff and Wasserman, 1972). Some vegetables, 
such as spinach and beets, can accumulate high levels of 
nitrate, which may be reduced to nitrite during storage 
after preparation. Earlier concern was with the relation of 
nitrate and nitrite in the diet to infant methemoglobi- 
nemia (Phillips, 1969, 1971; Sinios and Wodsak, 1965; 
Achtzehn and Hawat, 1970). Numerous instances of this 
disorder have heen related to excessive levels of these ions 
in well water; in Europe 15 cases of infant methemoglobi- 
nemia were traced to feeding with improperly stored 
home-prepared spinach purees. Processed vegetable prod- 
ucts have been shown not to  accumulate significant 
amounts of nitrite during normal storage (Phillips. 1969, 
1971; Sinios and Wodsak. 1965). 

Since nitrites are known to react with secondary or ter- 
tiary amines to form nitrosamines, we felt it  prudent to 
check these vegetables for the presence of the latter com- 
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pounds. Keybets et al. (1970), using methods sensitive to 
500 gg/kg of dimethylnitrosamines and 100 pg/kg of di- 
ethylnitrosamines, could not detect these nitrosamines in 
high-nitrite spinach. However, since many nitrosamines 
are highly potent carcinogens, and since their carcinogenic 
threshold values in humans are not known, it is important 
that more sensitive and specific analytical techniques be 
used. 

The purpose of the present study was to examine the 
development of nitrite in beets and spinach subjected to 
storage abuse and to analyze high-nitrite samples for sev- 
eral nitrosamines by a method which is both specific and 
highly sensitive. 

EXPERIMENTAL SECTION 
Beet and spinach samples, both fresh and processed, 

were obtained from local retail markets and were subject- 
ed to storage at room temperature (25”) and at  refrigera- 
tion temperature (5”). The lengths of time were from a 
few days at  room temperature to as long as 32 days under 
refrigeration. 

The following types of beet samples were studied: fresh 
beets, whole and shredded; beet juice; canned beets, 
sliced, whole, and ground; strained beets (baby food); and 
borscht. Spinach samples studied were: fresh spinach, 
whole and shredded; spinach juice; frozen spinach, whole 
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and chopped; canned spinach; and strained creamed spin- 
ach (baby food). 

Fresh vegetables were shredded by use of a juicerator 
(Acme Supreme Juicerator, Model 6001). The juice and 
shredded pulp were recombined by thorough mixing. 
Canned vegetables were opened and the contents trans- 
ferred to beakers covered by plastic film. Contents were 
well stirred at  the time of sampling during storage. 

Nitrite and nitrate content and pH were monitored a t  
frequent intervals during the storage period, and, general- 
ly, samples high in nitrite content were subjected to nitro- 
samine assay, although for control purposes some normal 
samples were also assayed for nitrosamines. 

Samples for nitrite and nitrate analysis were prepared 
by grinding in a blendor a weighed amount of the vegeta- 
ble with a measured quantity of distilled water. The slur- 
ry was further stirred for 0.5 hr, using a magnetic stirrer, 
and then filtered through Whatman no. 1 paper. An ali- 
quot of the filtrate was used for the nitrate analysis. For 
the nitrite analysis, an aliquot of the filtrate was decolor- 
ized using a suspension of aluminum hydroxide (American 
Public Health Association, 1965). 

Methods previously used in this laboratory for nitrate 
and nitrite analyses (Heisler et  al., 1973) were used. These 
were the diazotization method using 1-naphthylamine and 
sulfanilic acid (Nelson et al., 1954) for the nitrite analysis, 
and for the nitrate determination the nitroxylenol method 
(Holler and Huch, 1949; Lipp and Dolberg, 1964) in which 
3,4-dimethylphenol is nitrated and the resulting nitro- 
3,4-xylenol is separated by steam distillation. 

Spinach and beets were extracted and analyzed for six 
volatile nitrosamines: dimethyl-, methylethyl-, and di- 
ethylnitrosamines, and nitrosopiperidine, -pyrrolidine, 
and -morpholine. Procedures for preparation and cleanup 
of extracts were similar to those of Fazio et  al. (1972) with 
the following modifications. 

(1) Preparation of Alkaline Digests. One hundred 
grams of vegetable were comminuted in a Waring Blendor 
with 100 ml of CH30H, and the resulting slurry was 
transferred to a boiling flask with the aid of a second 100- 
ml portion of CH30H. Subsequent digestion with KOH, 
liquid-liquid extraction of the digests, distillation of the 
extracts from alkali, and extraction of the distillates with 
CHZC12 were as described by Fazio. 

(2) Two-Stage Concentration of Extracts.  The 
CH2C12 extracts of the distillates were first concentrated 
to 4 ml by heating the Kuderna-Danish evaporative con- 
centrator in a water bath at  80-85". The concentrator tube 
was then attached to a trap-type adapter (Kontes Glass 
Co., Catalogue No. K-275090), an air condenser (K- 
569251) was placed on top, and the extract was concen- 
trated further a t  60". This arrangement obviated losses 
from bumping or from upward-moving bubble films. After 
each stage, the apparatus was allowed to drain 20 min in 
a cold room (10') before the concentrator tube was discon- 
nected. 

(3) Column Chromatographic Cleanup of Extracts. 
This was found to be unnecessary for these vegetables and 
was omitted. 

The concentrated extracts were analyzed by gas-liquid 
chromatography (glc). A Varian Aerograph Model 1740-1, 
with the standard flame ionization detector modified to 
an alkali flame ionization detector with a KC1-coated coil 
(Howard et al., 1970), was used. The column (10 f t  X l/g 
in. o.d., stainless steel) was packed with 13% Carbowax 
2OM-TPA on 60-80 mesh Gas Chrom P. Column tempera- 
ture was programmed from 105 to 200" at  4"lmin. 

Samples of the alkaline digests were run in duplicate in 
order to determine recoveries. Of these, one was spiked 
with 1 ml of standard mixture containing 0.5 gg/ml of 
each nitrosamine (equivalent to 20 pg of each nitrosamine 
per kilogram of vegetable). 

Recovery values were calculated by comparing glc peak 

heights of nitrosamines in the spiked vegetable extract 
with those obtained from the standard mixture of nitro- 
samines. Average values were: for dimethylnitrosamine, 
57%; for methylethylnitrosamine, 69%; for diethylnitro- 
samine, 69%; for nitrosopiperidine, 76%; for nitrosopyrro- 
lidine, 70%; and for nitrosomorpholine, 57%. 

Unspiked extracts which yielded glc peaks with elution 
volumes close to those of the standard nitrosamines were 
selected for further analysis by a combined glc-mass spec- 
trometer provided that the peak heights indicated that 
sufficient material was present for confirmation by the 
latter apparatus, which required approximately 7-10 pg of 
nitrosamine/kg of vegetable. 

The glc-mass spectrometer consisted of a Varian Aero- 
graph Model 1740-1 gas chromatograph equipped with a 5 
f t  x Yg in. 0.d. stainless steel column packed with 3% 
SE-30 on 100-120 mesh Varaport 30 and connected to a 
DuPont Model 21-492 mass spectrometer. The column 
temperature was programmed from 100 to 170" at 6"/min. 
The column effluent was split, with one-half going into a 
flame ionization detector and the other passing uia a line 
heated at  190" into the mass spectrometer. This was oper- 
ated in the peak matching mode adjusted to a resolution 
of 1 in 12,000, as described by Dooley et  al. (1973). Nitro- 
samines were identified by their parent peaks. The NO+ 
ion was not sought because of its low relative peak inten- 
sity. 

After the research described in this paper was com- 
pleted, it  was learned that a-naphthylamine had been 
classified as a carcinogen under the "Emergency Tempo- 
rary Standard on Certain Carcinogens" (Stender, 1973). 
We have discontinued use of this procedure and for subse- 
quent research are using, for nitrite analysis, the method 
described by Schall and Hatcher (1968). This procedure 
uses sulfanilamide with N-( 1-naphthy1)ethylenediamine 
for the coupling reagent, as earlier described for analysis 
of NO2 in air by Jacobs and Hochheiser (1958). Attention 
of laboratories using a-naphthylamine is directed to the 
recommended precautions for laboratory workers handling 
carcinogenic aromatic amines published by the Chester 
Beatty Research Institute (1966). 

RESULTS AND DISCUSSION 
Nitrates and Nitrites. Beets.  Results of analyses of 

stored samples of spinach and beets are shown in Figure 
1. Generally, under moderate to extreme storage conditions 
there was no increase of nitrite content in the whole fresh 
beets, the sliced and whole canned beets, the strained beets, 
and the borscht. In all these samples, the nitrite content was 
below 8.0 mg/kg. Fresh beets had a nitrate content of ap- 
proximately 4000 mg/kg. The canned beets and strained 
beets contained 1500-2000 mg/kg of nitrate and the 
borscht contained 325 mg/kg. 

The shredded fresh beets, beet juice, and ground 
canned beet samples did exhibit an increase in nitrite 
content and a decrease in nitrate content under moderate 
to extreme storage conditions. The highest nitrite content, 
approximately 1000 mg/kg, was obtained when shredded 
fresh beets were stored 2 days a t  25". There was a corre- 
sponding sharp decrease in nitrate content. Figure 1A is a 
plot of the nitrate, nitrite, and pH values against time 
stored. The curves shown are the average of nine storage 
runs. Refrigerated storage of shredded fresh beets resulted 
in a nitrite content build-up to approximately 200 mg/kg 
a t  19 days storage (Figure 1B). The nitrite content of beet 
juice increased to approximately 540 mg/kg after 1-day 
storage a t  room temperature (Figure 1C) and ground 
canned beets exhibited a nitrite content of approximately 
90 mg/kg after 2 days at  25" (Figure 1D). In every case, 
the pH of the samples was taken during the storage stud- 
ies and it can be stated that the pH generally decreased 
as the nitrite increased. 
Spinach. Generally, under moderate to extreme storage 
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Figure 1. Changes in nitrate, nitrite, and p H  value in storage of 
beet and spinach samples: ( A )  fresh beets, shredded, stored at 
25"; curves represent average of nine runs; (B) fresh beets, 
shredded, stored at 5'; (C) beet juice (from fresh beets); juice 
stored at 25"; ( D )  whole canned beets, ground, stored at 25"; 
(E)  fresh spinach, stored at 25"; curves represent average of 
four runs; (F) fresh spinach, stored at 5'; average of five runs; 
(G)  frozen spinach, thawed and stored at 25'; average of five 
runs; ( H )  spinach juice (from fresh spinach), stored at 25"; ( I )  
spinach juice (from fresh spinach), stored at 5'; (J) fresh spin- 
ach, shredded, stored at 25"; average of two runs; (K) fresh 
spinach, shredded, stored at 5". Solid circles indicate samples 
selected for nitrosamine analysis. 

conditions, there was no increase in nitrite content in 
canned spinach or strained creamed spinach; in all the 
samples studied, the nitrite content was below 10 mg/kg 
during 29 days at  5" or 2 days at  25". The nitrate content 
of canned spinach was approximately 575 mg/kg and that 
of the strainecl creamed spinach was approximately 1250 

There was a moderate increase in nitrite content on 
storage of fresh spinach leaf and frozen spinach. In fresh 
spinach, the nitrite content was initially under 5 mg/kg. 
The nitrate content ranged initially from 1300 to 1400 
mg/kg. Under room temperature storage, fresh spinach is 
very perishable, the limit of storage being approximately 3 
days, a t  which time the nitrite reached approximately 140 
mg/kg. The nitrate exhibits a generally declining pattern. 
Under refrigeration, there was an  increase in nitrite con- 
tent to approximately 300 mg/kg after a relatively long 
storage period of 14 days. Again, the nitrate generally de- 
clined (Figures 1E and 1F). Frozen spinach containing 
initially approximately 900 mg/kg of nitrate was allowed 
to thaw for periods of up to 4 days and the nitrite and ni- 
trate contents were determined a t  intervals. The nitrite 
content generally increased during the first 2 or 3 days 
and then decreased. A high of 370 mg/kg was reached in 
one case. The nitrate showed a corresponding sharp de- 
crease; see Figure 1G. 

Spinach juice was also stored a t  room temperature and 

mg/kg. 

under refrigeration. Here again, the nitrite content in- 
creased to the relatively high level of from 900 to 1000 
mg/kg. At room temperature, it reached a maximum in 
21 hr; under refrigeration it took approximately 11 days 
(Figures 1H and 11). 

The nitrite content reached a much higher level when 
fresh spinach leaf was shredded and stored. Stored spin- 
ach juice also exhibited a high nitrite content. Consid- 
ering the shredded fresh spinach, the nitrite content 
reached approximately 1500 mg/kg after 1-day storage a t  
room temperature. Under refrigeration, the nitrite content 
reached a maximum of 1020 mg/kg after 17 days of stor- 
age. In both cases the nitrate decreased in a corresponding 
manner (Figures 1J and IK).  None of these high-nitrite 
products was considered edible. 

Nitrosamines. Stored spinach and beet samples were 
withdrawn and analyzed for nitrosamines at  the points in- 
dicated by solid circles in Figure 1. Five samples of pro- 
cessed beets representing initial and extreme storage con- 
ditions were assayed for nitrosamine content. In most 
cases the raw samples were taken for the nitrosamine 
assay, but in two instances high nitrite beet samples con- 
taining 423 and 207 mg/kg were cooked by immersing a 
covered beaker containing the 100.0-g sample of vegetable 
tissue in a boiling water bath for 45 min prior to work-up 
for nitrosamine assay. Of the four stored fresh spinach 
samples (see solid circles in Figures 1H and 11) assayed 
for nitrosamine content, two of them containing 1022 and 
872 mg/kg of nitrite were cooked as previously described 
prior to work-up for the nitrosamine assay. Four samples 
of processed spinach were assayed for nitrosamine con- 
tent: two of canned spinach, and two of strained creamed 
spinach, representing initial and extreme storage states. 
In addition, a sample of frozen spinach was assayed for ni- 
trosamine content. It was treated as follows: sample was 
thawed 0.5 hr, cooked as described above, drained, and an 
aliquot assayed for nitrosamine content. The rest of the 
sample was refrozen and then thawed 3 hr and again sam- 
pled and assayed for nitrosamine content. In both cases 
the nitrite content remained under 10 mg/kg. 

Gas chromatographic peaks large enough to permit fur- 
ther analysis by mass spectrometry occurred in positions 
coincident with those of three nitrosamines: methylethyl- 
nitrosamine, nitrosopyrrolidine, and nitrosomorpholine. In 
all instances, mass spectral analyses showed these com- 
pounds to be absent. Only one of these peaks occurred in 
more than one sample. This peak, which occurred in sev- 
eral beet samples, had an elution volume identical or al- 
most identical with that  of nitrosomorpholine. Four sam- 
ples were subjected to mass spectrometry. Two, which av- 
eraged 980 mg/kg of nitrite, were from fresh beets that 
had been ground and stored 2 days at  room temperature. 
The third, ground fresh beets stored 3 days at  room tem- 
perature, was past the point of maximum nitrite concen- 
tration and contained 867 mg/kg of nitrite. The fourth 
(fresh beets, ground, stored 2 days at room temperature, 
then cooked) contained 423 mg/kg of nitrite; it also con- 
tained another peak coincident with nitrosopyrrolidine. 
Mass spectrometry showed that the peaks obtained from 
these samples were not nitrosomorpholine or nitrosopyrro- 
lidine. 

Almost half the beet samples showed a very small peak 
a t  the position of dimethyinitrosamine, but the maximum 
value which appeared in only one sample was 5 pg/kg. 
This concentration was too low for confirmation by mass 
spectrometry. 

A few spinach samples also had a peak coincident with 
nitrosopyrrolidine, but the maximum concentration was 5 
pg/kg and was reached by only two samples. In one sam- 
ple (fresh spinach, shredded, containing 885 mg/kg of ni- 
trite after 9 days refrigeration) an 8-pg/kg peak near 
methylethylnitrosamine occurred, but mass spectrometry 
showed that this nitrosamine was not present. 
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The data further confirm that storage of comminuted 
high-nitrate fresh spinach and beets will eventually result 
in accumulation of large amounts of nitrite at the expense 
of nitrate. Since the six nitrosamines sought by highly 
specific and sensitive methods were not found, even in 
materials stored beyond the limits of edibility, the princi- 
pal public health concern with these high-nitrite vegeta- 
bles remains the relation of nitrite to methemoglobinemia 
in infants. 
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Metmyoglobin and Nonheme Iron as Prooxidants in Cooked Meat 

Jane D. Love’ and A. M. Pearson* 

The role of metmyoglobin (MetMb) and non- 
heme iron in accelerating lipid oxidation in 
cooked meat was studied using a model system 
containing water-extracted muscle residue. The 
effects of various components added to the sys- 
tem prior to heating and storage upon oxidation 
were determined by the TBA method. Comparison 
of the prooxidant activity of the aqueous extract 
from muscle and its nondialyzable (dialyzate) 
and dialyzable (diffusate) fractions suggested 
that the prooxidant activity was located in the 

low molecular weight fraction of the extract. Ad- 
dition of purified MetMb and Fez’ to the system 
showed that Fez+ was effective as a prooxidant in 
cooked meat, whereas MetMb at  concentrations 
from 1 to 10 mg/g of meat failed to catalyze the 
oxidation of lipids. Low levels of ascorbic acid 
enhanced the prooxidant activity of Fez+. Results 
indicated that nonheme iron acts as a prooxidant 
in cooked meat, whilc, MetMb has little or no 
prooxidant activity. 

Flavor deterioration resulting from the oxidation of 
phospholipids is a problem in a variety of food products, 
including cooked meats (Keller and Kinsella, 1973; Sato 
and Hegarty, 1971; Younathan and Watts, 1960). In con- 
trast to the traditional view that heme pigments are the 
major catalysts of lipid oxidation in meat, Sat0 and Heg- 
arty (1971) have proposed that nonheme iron plays a 
major role in accelerating lipid oxidation in cooked meat. 
These investigators also reported that hemoglobin and 
myoglobin have no prooxidant activity in cooked meat 
systems; however, they utilized only one level of added 
myoglobin in their studies. On the other hand, several re- 
searchers, including Hirano and Olcott (1971) and Ken- 
drick and Watts (1969), have reported that heme com- 
pounds may act as either accelerators or inhibitors of lipid 
oxidation with their action depending on the ratio of heme 
to unsaturated fatty acid. 

Department of Food Science and Human Nutrition, 
Michigan State University, East Lansing, Michigan 
48824. 

Present address: Food and Nutrition Department, Iowa 
State University, Ames, Iowa 50010. 

The present investigation was undertaken to clarify the 
effects of variable concentrations of metmyoglobin 
(MetMb) on lipid oxidation in a cooked meat model sys- 
tem. The influence of ferrous iron (Fez+) and ascorbic acid 
was also investigated. 

MATERIALS AND METHODS 
Extraction of Muscle Tissue. After removing all visible 

fat and connective tissue, beef round (semitendinosus) or 
pork loin (longissimus) muscle was ground through a %- 
in. plate of an electric grinder. Weighed samples of the 
ground muscle were then extracted with distilled, deion- 
ized water a t  4”. The slurry was filtered through cheese- 
cloth, and the muscle residue was reextracted until it ap- 
peared to be devoid of heme pigment. Extracted muscle 
(10-g aliquots) was placed in Kapak bags, flushed with ni- 
trogen, sealed, and stored frozen at  -25”. This was the 
source of extracted muscle in the model meat systems de- 
scribed below. 

Concentration and  Fractionation of the  Water Ex- 
tract. The aqueous extracts obtained from muscle tissue 
were combined and concentrated bv freeze-drying. Con- 
centrated extracts were placed in cellulose dialysis tubing 
(pore diameter = 48 A; Arthur H. T h o m a s  Co., Philadel- 
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