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SUMMARY

A simple and convenient procedure based on reversed-phase paper and thin-
layer chromatography is reported for the detection and estimation of N-nitrosamines
in food products, particularly cured meat. The method can easily be applied in
tropical regions when plenty of sunshine is available. It is particularly useful in
food-testing laboratories where sophisticated analytical instruments such as the gas
chromatograph, mass spectrometer, etc., are not available. By this procedure, it is
possible to detect up to 10-g and to estimate up to 75-¢g (reversed phase) and 50-ug
{thin layer} amounts of N-nitrosamines.

INTRODUCTION

N-Nitrosamines are formed during the curing of meat with nitrites and
nitrates. Recently, there has been some concern that nitrosamines are highly toxic
when ingested in certain conecentrations!—%. Many widely used agricultural chemicals
are derivatives of alkvlureas and alkylcarbamic acids which react with nitrites under
mild acid conditions to form dialkyInitrosamines or an N-pitroso derivative or a
mixture of these compounds which are highly toxic®-®. The formation of N-nitros-
¢ mines by nitrosation of amines may take place in the human stomach as well as in
¢-ored food, and it has been shown that such compounds can be formed iz vifro from
s'condary amines and mnitrites when mixed together in human gastric juice'-*.
f =cause of the possible formation of pitroso carcinogens, cured meat and meat pro-
¢ icts have to be thoroughly screened for the presence of such compounds. Since
t ese toxicants occur only in microquantities, semsitive methods are required for
t eir proper screening and estimation. Generally, gas chromatography {(GC) and/or
T ass spectroscopic and polarographic techniques have been utilized.

Although reversed-phase paper chromatography (PC) has not been employed
f ¢ the microseparation and estimation of nitrosamines, thin-layer chromatography
¢ 'LC) has been adopted by many workers’®~'7, Sen and co-workers™~*¢ used TLC
f:r the detection and semiquantitative determination of nitrosamines. while Eisen-
t-and!” was able tc estimate amounts of up to 80 g of nitrosamines in foods by
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TLC in conjunction with uitraviclet (UV) spectroscopy. The present paper describes
a simple and convenient procedure for the estimation of N-nitrosamines which could
be appiied in remote areas where sophisticated and costly instruments are not avail-
able. It is possible to detect up to 10-ug and estimate up to 75-gg amounts of nitros-
amines by PC and 50-yg amounts by TLC.

EXPERIMENTAL

Preparation of N-sitrosamines

N-Nitroso derivatives of dimethyl-, diethyi-, dipropyl- and dibutylamines and
piperidine were prepared according to the standard procedure!®. Each N-nitrosamine
was distilied twice using an efiicient column and only fractions having sharp boiling
points were collected. The distillate was dissolved in dichloromethane, and interfering
amines were removed by washing with glycine-HC! buffer (pH 2.1 + 0.1). Further
clean-up was achieved by means of chromatography on an alumina column (OH™)
using pentane as the stationary phase. The column was successively washed with the
soivent mixtures dichloromethane-pentane (1:50, 1:1¢ and 1:5). The nitrosamines
were eluted with dichloromethane, which was distilled off under reduced pressure
and gGiffused light; they gave a single spot on two-dimensional TLC and were speciro-
scopically pure.

Adsorbents

The adsorbents silica gel G, alumina (H~, OH~ and neutral; Tvpe T} and
magnesium silicate with 139 calcium sulphate were obtained from E. Merck, Darm-
stadt, G.F.R.

Solvents and technique
All the sclvents were dried and freshly distilled. The ascending technique was
employed for both PC and TLC, the temperature of irrigation being 26-28°.

Chromogenic reagent
Griess reagent: 19 sulphanilic acid in 30% acetic acid-0.1 % e-naphthylamine
in 309 acetic acid (1:1).

Curing, cooking and defiydration of the mutton and the extraction of the N-nitrosamires

The mutton was cured and dehydrated according to the procedure of Bhat'2
et al.’®. 1 kg of fresh, deboned and minced mutton was thoroughly mixed with 25 |
of an agueocus solution containing sodium citrate (2.5 g, 0.25 % of the wet weight
the mutton} and sodium nitrite (6.10 g, 10 mg per 100 g of the wet weight of tie
mutton). After I h. [0 ml of 209 sodium carbonate and I miof I % sodium chioric e
were added, mixed and left for 30 min for complete curing. A portion of the curs 4
mutton was cooxed in & pressure cooker (5 Ibs., IS min). One portion of this cook: 4
mutton was dehydrated by spreading it on perforated aluminium trays in an oven
under hot air (60°, 2 k; ultimate moisture level, 5.5%). The N-nitrosamines we ¢
2xtr¢cte<§ ) f‘rom various mutton samples (wet weight, ! kg by the procedure f
Sen er al.t4,
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Fig. {. Reversed-phase paper chromatogram of N-pitroszmines and samples of muiton. Paper,
Whatman Ne. I impregnated with 59 decalin in light petroleum (b.p. 40-60°). Irrigation, #-butanol—
pyridine-water (14:3:3) for 6 h. Colour reagent, 13 sulphanilic acid in 30% acetic acid-0.1 % a-
raphthylamine in 303/ acetic acid (1:1). Samples: A = dimethyl-N-nitrosamine; B = disthyl-N-
nitrosamine; C = N-nitrosopiperidine; D = N-nitrosodipropylamine; E = dibutyi-N-nitrosamine;
F = a mixture of A-E; G = fresh cured mutton; H = cured cooked mutton; and I = cured, caok

and dehydrafed mutton.

Paper chkromatography

Estimation of the N-nitresamines. Reversed-phase paper chromatography (PC)
was employed. Whatman No. I paper (40 x 25 cm) was impregnated with a solution
of 59, of decalin in light petroleum (b.p. 40-60°). Spots were made from 10 gl
(10 pg/pt} of each nitrosamine solution in acetonme and from the various mutton
extracts. The paper was irrigated with s-butanol-pyridine—water (14:3:3) for 6 h.
The entire pracedure was carried out in the dark in order to prevent photoreduction
of the N-nitrosamines. The chromatograms were dried, exposed to bright sunlight
for 2 k and sprayed with the Griess reagent. The resulting reddish-purple spots were
ot out, eluted with acetone, made up to a known volume and estimated colori-
metrically at 520 nm. A typical chromatagram is shown in Fig. 1.

1 “in-layer chromatography .
Preparation of the plates. A homogeneous slurry of 30 g of the adsorbent in
1 3 ml of water—phosphate buffer (pH 35)-borax buffer (pH 9) was poured on to
t" n glass plates (20 x 30 cm). which were tilted from side to side in o;der to obtaui
& iniform coating. The plates were left overnight for drying, and activated at 110
£ -1 h before use. Plates with and without thin-layer coatings were we‘ighe_d gnd’the
& xrage coatings (in meg/cm?®) in each case were: kieselgel G, 7.2;_ glumma. (E7), _/.4;
& smina (neutral), 7.1; alumina (OH™), 7.0; and magnesium silicate with calcium
si ‘phate, 8.3, ‘
Spotting, irrigation and estimation of the N-nitresamings. Spots were made
fiom 10 1 of the acetone solutions of each nitrosamine (5 pg/pt) and from the various
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TABEE §
R: VALUES OF N-NITROSAMINES® FROM TLC ON VARIOUS ADSORBENTIS
Frrigating solvent Alumina

H* Neutral

a 5 e d e a &
Cyclohexane-chioroform {1:3) 08 088 Q09¢ 0952 095 088 0.9
Light petroleum-~cyclohexane (19:1) 040 042 0456 049 051 072 07
E ght petroleum-—xylene (4:13 .18 €22 €25 628 632 G35 03
Eight petroleum-—dichioromeathane (4:1) 052 @54 055 058 062 0.3% 04,
Caloroform-xylene (19:1) 0.23 G.25 26 027 0.2 040 04
Toluene-dichloromethane (9:1) 0.55 959 0.6t ¢.63 .66 052 0.5
Caloroferm—dichloromethane (8:1) 682 085 085 088 089 0.81 §.93
Toluene—cyclohexane-dichioromethane {5:3:1} 632 036 038 60646 049 G.68 0.70
Hexane-diethyl ether—dichloromethane {4:3:2} 0.15 O.18 0.1 0.2t 0.23 0.21 Q.24

’ Sifica gel G

H+ Neutral

a b c 4 e a b -
Cuclohexane-chioroform (1:3) 0.25 .28 0.3¢ 0.33 Q.35 0.2% 0.27
Light petroleun-cyclohexane (19:1) 68 088 08¢ 095 697 G.25 Q.32
Light petroleum-—zylene {(4:1 012 0.14 0is 017 Q.19 8.22 0.2¢
Light petroleum-~dichloromethzne (4:1) .23 625 627 06306 033 .23 0.2¢
Chiloroform—xylene (19:1) 037 040 &4 045 048 0.21 8.25
Toluene-dichloromethane (2:1) a.13 3.16 0.17 0Q.ig 0.2% .29 Q.35
Chioroform—dichloromethane (9:1) .21 Q.25 Q.24 .28 3.30 .66 .63
Toluene-cvcishexane-dichioromethane (6:3:1) 0.20 0.23 0.25 0626 @29 .20 0.35
Hexane-dicthyl ether—dichlioromethane (£:3:25 $.22 Q.25 g.2¢ ¢3¢ 3.33 .38 0.6¢

* 2 = Dimethyl-N-nitrosamine, b = diethyl-N-nitrosamine, ¢ = N-nitrosopiperidine, d = dipropyi-}
nitrosamune, and e = dibutyl-N-nitrosamine.

mutton extracts. Before irrigation, the plates were equilibrated for 30 min with the
appropriate soivent system. When the latter contained diethyl ether, the irrigation tem-
perature was less than 5°. The plates were irrigated in the dark. dried in air, exposed to
bright sunlight for 2 h and sprayed with the Griess reagent. The resulting reddish-
purple spots were scraped off with a microspatula, eluted with acetone, made up to
a known volume and their intensities recorded at 520 nm. Extracts of egual areas
adjacent to the spots were used as blanks. Ry values for the different solvent system»
are given in Table I, and those of dimethyl-N-nitrosamine present in different mutto 1
samples are shown in Table I,

RESULTS AND DISCUSSION

The intensity of the spots obtained with the Griess reagent and the corr-
sponding transmission at 320 nm were optimised when the paper and thin-laye-
chromatograms were exposed to sunlight for 2 h. There was z linear relationshis
between the percentage transmission and the concentrations of the nitrosamines. an |
the results were reproducible. This eliminates the necessity of irradiating with a i'zigi— -
imtensity UV source, since bright sunlight is plentiful in tropical countries.
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o OH-

b ;‘ 4 e a B c 74 e

‘% 092 095 030 032 035 040 042
08¢ 084 087 025 028 030 038 042
03¢ 042 G43 G.12 01z Qi3 014 014

- 04> 046 048 0.10 0.15 0.8 020 022
04> 0.46 Q.47 0.0t G.1a 012 Q.15 Q.16
056 060 065 015 0.7 018 020 022
g2+ 096 049g 032 034 035 039 041

S 072 076 08¢ 0238 032 034 037 040
8624 028 0.30 012 015 016 019 022

Magnesium silicate
OH~

: : d e a & - c a e a & c a e
828 0.3t ¢.34 g.18 Q.21 022 032 034 346 050 052 055 0.58
034  0.38 0.41 Q.16 0.1% 0.1 .23 0.25 062 072 075 084 094
025  0.28 0.33 G.13 0.1s 6.5 017 0.I8 6.15 0.7 0.19 021 0.23
231 8.51 0.61 G614 0.l 016 0.18 0.20 020 927 0.29 035 049
.26 0.29 ¢.31 C.1t 0.13 .13 .16 G.18 0.56 0.58 0.62 0.6% 3.70
238 .41 .46 G.IE Q.17 Q.18 0.20 Q.22 .48 .68 Q.70 0.78 (.86
G.71 0.74 0.78 8.21 0.22 .23 0.25 .29 3.45 ¢.49 G.50 Q.54 Q.58
0,26 .28 Q.30 0.1t 0.13 0.14 0.17 0.19 0.32 0.36 0.38 g¢.45 (.50
.62 0.80 .90 Q.11 Q.15 G.14 G.17 .18 .46 0.50 ¢.51 0.54 0.57

It was possible to detect up to 10-xg amounts of nitrosamines on both PC
and TLC using 2 UV lamp (254 nm filter) and to estimate up to 75 pg (by PC} and
50-pg amounts (by TLC). Use of the Griess reagent did not produce coloured spots
when the amount of nitrosamine was less than 25 yg. In all the cured mutton samples
oaly dimethyl-N-nitrosamine was found. This was confirmed by two-dimensional
TLC where an authentic sample of dimethyl-N-nitrosamine and that from mutton
wve superimposable spots. The samples were also spectroscopically identical. No
joured spots were obtained for samples of cured dehydrated mutton, but when
2wed under 2 UV lamp the amount of dimethyl-N-nitrosamine present was ca. 10 gg
1en compared with the standard. It is interesting to note that the amount of di-
zthyl-N-nitrosamine in cured mutton decreased slightly on cooking, and decreased
-gely on its subsequent dehydration. ) ;

PC on untreated paper resulted in tailing of the compounds when dfﬁ‘erefxt
lvent systeras were employed. Papers treated with dimethy! sulphoxide (509 in
.uene), groundnut oil (I % in acetone) and silicone oil (275 in acetone)} gave poor
solutions with the solvent systems r-butanol-acetic acid-water (3:1:1); ethyt
state-acetic acid-methanol-water (31:7:7:5), ethyl acetate—pyridine——te?trahydro-
f -an-water (58:20:11:11), methanol-chloroform-acstone-25%, ammonia (42:17:

i BPC IR Y
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TABLETIL

DETERMINATION QF THE AMOUNT (ug/kg)l OF DE’VLETHY L-\Y-\"HROSAWI\E PRESENT
IN MUTTON

Mutior sample Bareh PC TLC
- Butancf—-  Magnesium | Aluming -
pyridine—  silicate . (neuxtral}
warer N
(14:3:3) B a &
Minced, cured, raw mutton I g2 80 88 g2 o0
33 110 i02 i 102 104
243 835 88 86 88 S0
Minced, cured, cooked mutton E g8 86 86 88 88
11 105 106 0o 100 100
IEE - 82 8% z 84 g6
Minced, cured. cooked and I ca. 1G €. 10 ca. 10 ca. 18 ca 10
dehydrated mutton I ca. 10 ca. ¢ eca.i0 ca 1l ca 10
HI caq. 10 cz. 10 ca. 1G¢ ca. 18 ca. 10

* a: solveant, light petroleum—cyclohexane {(19:1).
** b: sclvent, toluene—dichloromethasne (8:1).

24:17) and n-butanol-pyridine-water (14:3:3). The best resolutions were obtained
with the latter sysiem when paper treated with decalin {59 in light petroleum (b.p.
40-60°)1 was emploved.
Magnesium silicate was found o be the best adsorbent for TLC resolutions of
" mitrosamines; the spots were particularly distinet when light perroleum—cyclohexane
{19:1) and toluene-dichlcromethane (9:1} were employed. In general, the mobility of
the nitrosamines on the different types of alumina was in the order neutral > HY >
GH~. Silica ge! G (OH ™) resulted in the smallest migrations of the compounds when
compared with the other two types of adsorbent. Halogenated solvents had more
~fnity for the pitrosamines when compared to the other solvents.
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