
STUDIES ON THE REDUCTION OF NITROSAMINES IN TOBACCO 

Three tobacco varieties were grown over a three-year pericd under three 
nitrogen fertilization treatments in order to establish any relationships 
among fertilizer levels, nicotine, and nitrosonornicotine (NNN) levels of the 
cured tobacco leaves. Generally, we found that higher levels of nitrogen 
fertilization led to higher levels of alkaloids and NNN. Attempts at block- 
ing the nitrosation of alkaloids in a pre-harvest, field-study were not suc- 
cessful. Based on a converter tobacco study, nornicotine was a more effi- 
cient precursor of NNN than nicotine. Compared to normal flue-cured 
tobacco, air-dried bright tobacco had highly reduced NNN levels. 

INTRODUCTION 

It is known that N-nitroso derivatives of tobacco alkaloids, 
such as N’-nitrosonornicotine (NNN) and 4-(N-methyl-N-nitros- 
amino)-1-(3-pyridyl)-1-butanone (NNK), are powerful en- 
vironmental carcinogens (4). These nitrosamines are formed in 
tobacco during curing and processing by the nitrosation of tobac- 
co alkaloids (5). Also, secondary and tertiary amines can be 
nitrosated with nitrite to yield nitrosamines (11). Thus, nitrosa- 
tion of secondary amines, such as nornicotine, anabasine and 
anatabine will give the corresponding nitrosamines (NNN, NAB, 
and NAT). Interestingly, nitrosation of the tertiary amine, 
nicotine, produces NNN after cleavage of the N-CH, bond. NNK 
or 4-(methylnitrosamino)-4-(3-pyridyl)butanol (NNA) can also 
be formed directly from nicotine and without demethylation by 
cleavage of either the 2(-N or 5’-N bond (8). Since the concen- 
tration of nicotine in conventional tobacco types is 20-100 times 
as great as that of nornicotine, nicotine is considered to be the 
more important precursor of NNN in tobacco and smoke (6). 
We investigated the effect of nitrogen fertilization (0, 60, 120 
lbs/A) on the yield of nicotine and NNN in tobaccos of various 
nicotine/nornicotine ratios. Since ascorbic acid has been shown 
to be more than 98% effective in blocking the nitrosation of mor- 
pholine and piperazine (lo), we attempted to use this blocking 
agent to decrease NNN formation. 

EXPERIMENTAL 

Tobaccos were grown at the Coastal Plain Experiment Station, 
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Tifton, Georgia, during 1982, 1983, and 1984. The seeds were 
provided by Dr. James Chaplin, USDA, Oxford, NC. Three 
replicates of each tobacco variety were grown in 22 plant plots, 
with 112 cm between rows and 50 cm between plants, within a 
row. After topping, the third and eighth leaf were harvested from 
five plants and leaves were flue-cured in the usual manner. Mid- 
veins were separated from lamina and only the lamina were 
analyzed. For the 1983 crop, one-half of the leaves, grown under 
the 60 lbs/A fertilization regime, were air-dried, while the other 
half were flue-cured in the usual manner. In 1982, some harvested 
leaves were also individually sprayed with ascorbic acid. For the 
1984 crop, one-half of each plot was sprayed with a O.lN solu- 
tion of ascorbic acid 24 hours prior to the last harvest. 

Nicotine and nornicotine were determined by the method of 
Severson et. al. (12). The extraction of NNN was conducted as 
follows: tobacco samples (2-5 g, ground to pass a 20.mesh sieve) 
were ultrasonically extracted by a 150-ml volume of aqueous buf- 
fer (pH 4.5) (7). The buffer solution was then extracted 3 times 
with dichloromethane (3 x ml). The organic extract was dried 
with sodium sulfate, concentrated and chromatographed on a 
basic alumina (activity grade III) column. The fraction contain- 
ing NNN was collected and subjected to capillary gas 
chromatography (2) on fused silica OV-1701 columns. 

RESULTS AND DISCUSSION 
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All cured tobaccos were analyzed for nicotine, nornicotine and 
NNN. Data for tobaccos grown in the 1982 season have already 
been reported (3). Significantly, no NNN was found in green 
tobacco. The 1982 data also suggested a direct relationship be- 
tween the total amount of alkaloids present and the amount of 
NNN produced in the cured leaf. The first attempt at blocking 
the formation of NNN involved the spraying of ascorbic acid solu- 
tion on harvested NC 2326 leaves. After flue-curing a 76% reduc- 
tion in the amount of NNN, compared to untreated leaves, was 
observed. 
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1984 TI 1112 NC 2326 v 445 
Harvest Date 0 60 120 0 60 120 0 60 120 

-__- 

l/6 
7 I20 
8 17 

Nicotine (mg/g) 
1.06 1.44 2.39 6.50 9.53 7.65 1.28 1.13 1.41 
0.68 1.14 0.91 12.25 18.56 19.06 0.82 0.73 0.76 
1.13 1.37 1.64 30.67 30.17 33.78 1.11 1.03 1.27 

Nornicotine (mg /g) 
7 16 2.69 3.75 4.55 0.11 0.13 0.16 0.54 1.62 1.17 
7120 8.00 9.60 31.02 0.16 0.77 0.47 4.47 7.19 5.33 
8 17 12.72 23.63 41.77 0.53 0.75 0.70 5.98 9.26 8.66 

NNN (w/g) 
l/f3 0.00 0.14 0.50 0.00 0.00 0.00 0.00 0.22 0.06 
1120 0.06 0.09 0.17 0.04 0.02 0.00 0.08 0.09 0.09 

Table 1. Effects of Nitrogen Fertilization on S/7 7.70 11.50 21.85 1.18 1.25 2.18 2.43 2.81 3.51 
Alkaloid and NNN Levels. - ___ 

Three harvests from the 1982 crop were collected and leaves 
were flue-cured and analyzed for nicotine, nornicotine, and NNN. 
For NC 2326, the zero N treatment gave 11.19 mg/g of nicotine, 
0.30 mg/g of nornicotine, and 0.53 pg/g of NNN. The high N 
treatment yielded NC 2326 tobacco containing 13.46 mg/g 
nicotine, 0.40 mg/g nornicotine, and 1.13 yg/g of NNN. Thus, 
fertilization caused a marked increase of nicotine and NNN pro- 
duction in the leaves. Although the increase in nicotine levels were 
not as great as expected, there are many factors that affect 
alkaloid levels (1,9,13) and produce less than expected results. 
The results were more dramatic for TI 1112. Zero fertilization 
produced 0.70 mg/g of nicotine, 3.23 mg/g of nornicotine, and 
2.43 pg/g of NNN in the cured tobacco. The 120.lbs fertiliza- 
tion gave tobacco with 0.82 mg/g of nicotine, 9.56 mg/g of nor- 
nitotine, and 7.44 pg/g of NNN. Thus, the production of nor- 
nicotine and NNN was tripled in TI 1112. 

In 1983, it was also of interest to examine the effect of air- 
drying these tobaccos and comparing the NNN yields with nor- 
mal flue-cured samples. Unfortunately, most of the air-cured 
samples were damaged in shipment to the laboratory and only 
about one-tenth of the leaves could be analyzed. Based on 
available data, the effect of air-drying was most destructive on 
NNN. For example, air-dried NC 2326 tobacco from the second 
harvest yielded only 4% of the NNN of corresponding flue-cured 
tobacco. For TI 1112, air drying reduced the NNN from 5.76 
to 0.22 pg/g, also a 96% reduction. It can be speculated that the 
lower temperature of air-drying, compared to flue-curing, was 
responsible for this dramatic reduction. This result is currently 
being examined further and the effect of air-drying on the qual- 
ity of bright tobacco will be evaluated. 

In 1984, NC 2326, TI 1112, and V 445 were again grown at 
the three fertilization rates. Alkaloid and NNN levels (Table 1) 
were similar to those found in the first two years, except that 
NNN levels at the first two stalk positions (first two harvests) 
were extremely low. At the zero N fertilization level, no NNN 
was found in the first harvest leaves, even though nornicotine 
levels were already appreciable or even high (0.27%) for TI 1112. 
It was interesting to note that for the last harvest, high levels of 
nornicotine in TI 1112 produced higher levels of NNN, than high 
levels of nicotine in NC 2326. Thus, for TI 1112 conversion of 
nornicotine to NNN is a much more facile process than forma- 
tion of NNN from nicotine, which first requires enzymatic 
demethylation. In this study, one half of each plot was sprayed 
with 0.1N ascorbic acid solution 24 hrs before the last harvest 
with the objective of blocking the formation of NNN. The results 
of this spraying were disappointing. NNN levels for treated tobac- 
cos were the same or slightly higher than for controls. Thus, the 
blocking agent had no effect when leaves were still on the plant. 
Although this was a much more practical approach than spray- 
ing already harvested leaves, no reduction of NNN was achieved. 

CONCLUSIONS 

High levels of nitrogen fertilization generally produced high 
levels of alkaloids and NNN. Both alkaloids and NNN were ac- 
cumulated in leaves at the higher stalk positions (second and third 
harvests). Nornicotine seems to be a more efficient precursor of 
NNN than nicotine; but because of its abundance in leaf, nicotine 
is the more important source of NNN. Under certain cir- 
cumstances, ascorbic acid appears to effectively block the nitrosa- 
tion reaction; however, in field studies, ascorbic acid was not an 
effective method for the reduction of NNN. The highly reduced 
NNN levels in air-dried bright tobacco warrant further study. 

LITERATURE CITED 

1. Campbell, J.S., J.F. Chaplin, D.M. Boyette. C.R. Campbell, and 
C.B. Crawford. Effect of plant spacings, topping heights, nitrogen rates 
and varieties on nicotine yield and concentration. Tob. Sci. 26:66-69. 1982. 

2. Chamberlain, W.J., and R.F. Arrendale. An alternative method 
for the analysis of N-nitrosonornicotine in tobacco. J. Agric. Food Chem. 
31:909-911. 1983. 

3. Chamberlain, W.J., R.F. Severson, and M.G. Stephenson. Levels 
of N-nitrosonornicotine in tobaccos grown under varying agronomic con- 
ditions. Tob. Sci. 28:156-158. 1984. 

4. Choi, Bernard C.K. N-nitroso compounds and human cancer. A 
molecular epidemiologic approach. Amer. J. Epidemology 121(5):737-742. 
1985. 

5. Hecht, S.S., C.B. Chen, N. Hirota, R.M. Ornaf, T.C. Tso, and 
D. Hoffmann. Tobacco-specific nitrosamines: Formation by nitrosation 
of nicotine during curing and carcinogenicity in Strain A mice. J. Nat]. 
Cancer Inst. 60:819-824. 1978. 

6. Hecht, S.S., R.M. Ornaf, and D. Hoffmann. Chemical studies 
on tobacco smoke. XxX111. N-nitrosonornicotine in tobacco: Analysis 
of possible contributing factors and biological implications. J. Natl. 
Cancer Insl. 54:1237-1244. 1984. 

7. Hoffman, D., J.D. Adams, K.D. Brunnemann, and S.S. Hecht. 
Assessment of tobacco specific N-nitrosamines in tobacco products. 
Cancer Res. 39:2505-2509. 1979. 

8. Hoffmann, Dietrich, and Stephen S. Hecht. Nicotine derived N- 
nitrosamines and tobacco related cancer: Current status and future direc- 
tions. Cancer Res. 45:935-944. 1985. 

9. Miner, G.S. Effect of harvest method and related management prac- 
tices on flue-cured tobacco. II. Total N, total alkaloids, reducing sugars, 
and particulate matter index. Tob. Sci. 24:81-84. 

10. Mirvish, S.S., L. Wallcave, M. Eagen, and P. Shubik. Ascorbate- 
nitrate reaction: Possible means of blocking the formation of carcinogenic 
N-Nitroso compounds. Science 277:65-68. 1972. 

11. Mirvish, S.S. Formation of N-nitroso compounds: Chemistry, 
kinetics, and in viva occurrence. Toxicol. AppI. Pharmacol. 34-325-351. 
1985. 

12. Severson, R.F., K.L. McDuffie, R.F. Arrendale, G.R. Gwynn, 
J.F. Chaplin, and A.W. Johnson. Rapid method for the analvsis of tobac- 
co nicotine alkaloids. J. Chromatog. 211:111-121. 1981. . 

13. Walker, E.K., and G.B. Herbert. Whole plant harvest of flue-cured 
tobacco: Agronomic, physical, and chemical factors relative to variations 
in methods of harvest and culture. Tob. Sci. 21:7-13. 1977. 

(Tobacco Science 82) 

T
ob

ac
co

 S
ci

en
ce

, 1
98

6,
 3

0-
20

, p
. 8

1-
82

, I
S

S
N

. 0
08

2-
45

23
.p

df


