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Summary

Under normal conditions no high levels of volatile N-nitrosamines could be detected
in grass and maize silages. Only under special conditions about 5 ug N-nitrosodime-
thylamine/kg fresh was found in maize silages. In addition, four other peaks were
detected. All tests indicate that these compounds are nitrosamines.

Introduction

N-nitrosamines, well-known carcinogenic substances (Fishbein, 1979), have been
found in many common materials. The levels normally found in various foods and
animal feeds are usually in the range of 1-10 ug/kg. They are readily formed by the
reaction between secondary amines and nitrites and many factors affect this forma-
tion under several conditions.

Because of the presence of nitrate in silages, and its conversion via nitrite to am-
monia the question arose whether N-nitrosamines are actually formed in these sila-
ges.

Tate & Alexander (1975) investigated the presence of N-nitrosamines in maize si-
lages produced on laboratory scale, but were unable to detect any. Terplan et al.
(1978) found N-nitrosodiethylamine and N-nitrosodipropylamine in silages.

In our first experiments (van Broekhoven, 1980) we studied the formation of
N-nitrosamines in silages made on laboratory scale with grasses having different ni-
trate contents and pre-wilted to different dry matter contents.

It was demonstrated that no volatile N-nitrosamines were formed in silages with
dry matter contents of 500 and 600 g/kg, but N-nitrosodimethylamine could be de-
‘tected at levels ranging from 0-5 pg/kg when the dry matter content was 300 g/kg.
The highest nitrosamine concentrations were found in silages in which a greater pro-
portion of the nitrate was reduced. In silages with a relatively small decrease in ni-
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trate (less than 2 g/kg DM) less than 1 ug N-nitrosodimethylamine/kg was formed.

Our aim was to study whether the results found in these laboratory-scale experi-
ments were transferable to a field scale. Therefore, comparable small field-scale
grass silages were sampled and analysed. In addition, some silages from maize
grown on heavily manured land were analysed.

Materials and methods

The grass silages came from experiments on small field scale. The grass silages were
produced from grass with an initial nitrate contant ranging from 6 tot 13 g/kg DM.
The grass was pre-wilted to a certain extent before ensiling.

The maize silages came from local farms.

The samples were stored in plastic bags at —20 °C for analysis. Chemicals of ana-
lytical grade from several suppliers were used without further purification. Dichlo-
romethane (Baker) was distilled before use.

Nitrate was determined with an ion-specific nitrate electrode (Orion 93-07), a
double junction reference electrode (Orion 90-02) and a pH meter (Orion 801A).

For the determination of the volatile N-nitrosamines a Thermal Energy Analyser
(TEA, model 502LC, Thermo Electron Corp.) was used interfaced to a gas chroma-
tograph (Packard Becker 427). It had the following characteristics: GC: column of
stainless steel (length 3 m, 3.2 mm o.d.) packed with 10 % FFAP on Chromosorb
WHP (80/100 mesh); oven: temperature-programmed, initially at 140 °C (4 min),
5 °C rise/min, finally at 200 °C (10 min); carrier gas argon; inlet pressure 0.3 MPa;
TEA: furnace temperature 450 °C; reaction chamber pressure 133 Pa, cold trap
—160 °C.

For confirmation studies the TEA was also coupled to a high-performance liquid
chromatograph (HPLC) constructed from a high-pressure pump (Waters, model
6000A), an injector (Waters, model U6K) and a column (uPorasil, length 30 cm,
3.9 mm i.d., Waters). Mixtures of hexane and acetone were used (normally 95/5)
and the system was operated isocratically. The flow was 1 ml/min. TEA: furnace
temperature 550 °C; reaction chamber pressure 133 Pa, cold traps —80 and
—100 °C.

The working-up procedure was performed as described previously (van Broekho-
ven, 1980).

For the confirmation studies the methods described by Krull et al. (1979) were
used. After the various treatments the mixtures were measured with GC/TEA and
HPLC/TEA. To prevent damage to the GC column the incubations with acetic
acid/HBr and acetic acid were diluted with water, poured on a Preptube cartridge
(Thermo Electron Corp.) and extracted with dichloromethane. In this way the grea-
ter part of the acid was removed.

Results and discussion

Table 1 gives the results of the analysis of the grass silages for NO,, N,, soluble car-
bohydrates and N-nitrosodimethylamine (NDMA). Just as in the previous experi-
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Table 1. Analysis of grass silages with respect to DM, nitrate before and after ensiling, N,, soluble carbo-
hydrates and NDMA content.

DM NO, NO; N, Soluble NDMA*

(g/kg fresh) before after (g/kg DM) carbohydrates ( ug/kg fresh)
ensiling ensiling (g/kg DM)
(g/kg DM) (g/kg DM)

330 13.5 1.1 28.9 7.3 0.78

480 13.5 7.3 35.5 23.3 0.83

560 13.5 13.5 33.5 47.7 0.53

420 10.7 1.9 30.9 7.4 0.23

490 10.7 4.8 32.7 20.6 0.10

400 6.2 1.4 24.2 7.0 0.13

420 6.2 1.2 25.7 10.7 0.01

480 12.6 9.7 34.9 80.0 0.10

480 12.6 13.5 36.6 69.4 0.15

600 12.6 14.8 37.0 76.9 0.07

350 11.6 9.9 33.2 6.2 0.21

290 11.6 7.7 32.0 9.2 0.69

550 9.3 7.3 36.0 74.6 0.17

600 9.3 8.5 339 73.9 0.03

* NDMA = N-nitrosodimethylamine. Corrected for recovery (70 %). Detection limit 0.01 pg/kg. The
values < 0.2 ug/kg are difficult to interprete because of possible artifact formation.

ments on laboratory scale (van Broekhoven, 1980), in almost every sample a small
amount of NDMA was found. In most cases no other N-nitrosamine could be detec-
ted. Mostly only very low levels of NDMA were found (less than 0.5 ug and never
more than 1 pg/kg fresh). These results agree very well with those obtained earlier.
From these results it could be concluded that under normal conditions (decrease in
NO, not more than 10 g/kg DM and a DM content above 300 g/kg) no high levels
of NDMA will be formed (< 1 ug/kg fresh).

Van Dijk & Willemsen (1975) investigated the nitrate contents of fresh and ensiled
maize grown on fields with heavy dressings of organic manure. They found an ave-

Table 2. Analysis of maize silages with respect to DM, nitrate, N,, soluble carbohydrates and NDMA
content.

DM N, NO; Soluble NDMA*
(g/kg fresh) (g/kg DM) (g/kg DM) carbohydrates (ug/kg fresh)
(g/kg DM)

249 15.8 5.8 8.17 ND

224 15.6 3.9 6.16 ND

286 16.1 3.0 4.68 ND

257 15.8 2.4 5.93 ND

240 16.0 5.0 6.15 ND

279 14.1 2.8 5.61 ND

224 14.5 4.2 4.42 ND

258 14.9 3.6 7.30 ND

* ND = not detected, detection limit 0.01 ug/kg.
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rage of 6.4 g NO,/kg in the ensiled maize and only a loss of some 10 % only of the
originally present nitrate. A lower DM content could increase the breakdown of ni-
trate. We analysed maize silages comparable with those described by van Dijk &
Willemsen. The results are presented in Table 2. No volatile N-nitrosamines could
be detected here.

Some of the maize silages showed an orange coloured edge. The reason for this
colouration is unknown. Therefore, this edge was also sampled and analysed. In this
sample 5 ug NDMA/kg was detected. In addition four unknown peaks were obser-
ved in the GC/TEA chromatograms. They are shown in Fig. 1, together with the
place of seven known nitrosamines. The peak near N-nitrosodibutylamine coincides
with the peak that was sometimes observed in grass silages both with GC and
HPLC. In order to confirm the nature of the unknown peaks the method as presen-
ted by Krull et al. (1979) was used. During GC/TEA analysis always a cold trap of
—160 °C was used, so that most of the organics were frozen out. The TEA response
remained unchanged after placing a Tenax-GC column (length 10 cm, 6 mm o.d.)
between the cold trap and the reaction chamber. After treatment with hydrobromic
acid in glacial acetic acid the four unknown peaks disappeared completely. The
TEA-response remained unchanged after treatment of sample with glacial acetic
acid only. The four peaks disappeared after irradiation with UV light. The results
indicate with reasonable certainty that the unknown compounds have N-nitroso
structures. Efforts will be made to isolate and purify the compounds further in or-
der to enable an identification with mass spectrometry. The peak heights suggest
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Fig. 1. GC/TEA chromatogram of sample extract of orange coloured maize silage. Injection: 2 ul Att =
16. For GC/TEA conditions see text. The places of the following volatile N-nitrosamines are indicated
N-nitrosodimethylamine (NDMA), N-nitrosodiethylamine (NDEA), N-nitrosodi-n-propylamine
(NDPA), N-nitrosodi-n-butylamine (NDBA), N-nitrosopiperidine (NPIP), N-nitrosopyrrolidine (NPYR)
and N-nitrosomorpholine (NMOR).
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that the concentrations of the unknown compounds must be several tens of ug/kg
fresh.

Further investigations are needed to explain and evaluate the occurrence of these
compounds in the coloured edge of maize silages. The general conclusion of this stu-
dy is that only minute amounts of NDMA (less than 1 ug/kg fresh) were found in
the grass silages and no detectable amounts in the maize silages. It may be assumed
that no N-nitrosamines in detectable amounts from this food after ingestion by a
cow are transferred to the milk or to the blood.
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