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ABSTRACT

Tobacco Specific Nitrosamines (TSNA) are identified as the major carcinogenic compounds in
tobacco. In view of the increasing health consciousness, monitoring and reduction of this group
of compounds is attracting attention of researchers all over the world today, more than ever
before. Analysis of different types of tobacco produced under varying agro-ecological situations
adopting different production practices in India has revealed that Burley tobacco in East
Godavari district of Andhra Pradesh has higher levels of TSNA (6-6 to 9.3 ppm). The
investigations carried out for developing suitable techniques to reduce the levels of these
compounds in Burley tobacco are presented. A significant reduction in TSNA ranging from 11.1
to 28.2% was observed due to removal of midrib and subsequent air-curing. Further, highly
significant differences were observed in the levels of TSNA among the treatments due to foliar
spray of manganese sulphate @ 0.20% on a 150-day old Burley tobacco field crop and a
significant reduction (50.2%) in TSNA could be achieved after 30 days after spray. Smilarly,
exogenous application of ascorbic acid @ 0.25% on the harvested Burley tobacco green leaves
and subsequent air-curing resulted in highly significant reduction (46.5%) in TSNA at 30 days
after spray.

INTRODUCTION

India is the third largest producer and fifth lssgexporter of tobacco in the world with an
annual production of about 750 million kg. Burlegbacco is grown in the Alfisols of East
Godavari district in Andhra Pradesh as rain-fedpcand is popularly known as Yeleswaram
Burley. The crop is raised in an area of 5,00@vith a total production of around 5.0 million
kg. Tobacco Specific Nitrosamines (TSNA) are idieedi as the major carcinogens in tobacco.
Generally, TSNA are not present in freshly hareggeeen leaf and they are formed during
curing due to nitrosation of tobacco alkaloids. Thigosating agent is nitrite derived from
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tobacco nitrate. Bacterid&i(terobacter; Agrobacterium radiobacter) and tobacco enzymes take
part in the reduction of nitrate. In view of thrcieasing health consciousness, monitoring and
reduction of this group of compounds is attractatgention of researchers all over the world
today, more than ever before. Analysis of differgmes of tobacco produced under varying
agro-ecological situations adopting different prctthn practices in India has revealed that
Burley tobacco has higher levels of TSNA rangirgyfr6.6 to 9.3 ppm (Padmavathy, 2007). The
objective of the present investigation is to fingt guitable techniques to reduce the levels of
these compounds in Burley tobacco to make tobasoHarmful.

MATERIALS AND METHODS

Agro-techniques

A field experiment was conducted at CTRI Researeimt@®, Jeddangi with the objective to
identify agro-techniques/post-harvest techniquesetiuce TSNA in Burley tobacco with the
following treatments: AT1 - Priming and curing withidrib (120 kg N/ha); AT2 - Priming and
curing without midrib (120 kg N/ha); AT3 - Primirand curing with midrib Azotobacter + 90

kg N/ha); AT4 - Priming and curing without midriBZotobacter + 90 kg N/ha); AT5 - Priming
and curing with midrib (30kg/ha N in organic form930 kg N/ha); AT6 - Priming and curing
without midrib (30 kg/ha N in organic +90 kg N/h&T7 - Priming and curing with midrib
(120kg N/ha+1kg Ammonium molybdate) and AT8 - Prignand curing without midrib (120 kg
N/ha + 1kg Ammonium molybdate). The trial was laitt in a Randomized Block Design with
three replications planting the variety, Banket Adopting the recommended package of
practices. Cured leaf samples were collected, imidas removed, powdered and analysed for
TSNA. The pooled data of three replications weatisically analysed.

Foliar application of manganese

In a 150-day old [150 days after planting (DAP#Idi crop of Burley tobacco variety Banket Al
grown during the crop season with recommended pckéd practices (spacing of 80 x 40 cm
and 125: 50: 50 kg/ha of N:2@s. K;O), four rows of 14 plants each constituting four
replications were randomly selected and 0.2% Mn@&O g/10 lit) was sprayed. Two rows of 14
plants each were kept as control. Before spragergrleaf samples were collected and
immediately dried in a microwave oven and kept fnalysis and the remaining leaf was
subjected to air-curing. Leaf was harvested6&t DAP/15 days after spray (DAS) and 180
DAP/30 DAS and air-cured as per the practice inneog Both green leaf and cured leaf samples
viz., FT1 - 150 DAP/O DAS (Green leaf); FT2 - 15@&BP & 0 DAS (Cured leaf); FT3 - 165
DAP/15 DAS (Cured leaf); FT4: 180 DAP/30 DAS (Cdideaf) and FT5 (Control) - 180 DAP
& No spray (Cured leaf), were powdered and analysksiicotine, nornicotine, nitrate,
polyphenols (chlorogenic acid rutin) and TSNA wesarried out adopting the standard
procedures. The data of four replications wertssieally analysed.

Exogenous application of ascorbic acid and tanniccéd

Green leaf (6 kg) harvested from a field crop oflBytobacco variety Banket Al raised as per
the recommended package of practices (spacing ®f&0cm and 125: 50: 50 kg/ha of NB.
K,0) was collected at 150 DAP and divided in to 3gpaonstituting 3 replications. Immediately
after harvest, leaves were spread on plastic slaeet9.25% ascorbic acid, 0.25% tannic acid
and water were sprayed uniformly on both sideseaf/és separately. Green leaf samples of
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control (water spray) and sprayed leaves (0 DASewpiickly dried in microwave oven and

kept for analysis. The remaining leaf was subpbdteair-curing as per the practice in vogue.
Both green leaf and cured samples were powdered @iidrib removal nicotine, nornicotine,

nitrate, polyphenols (chlorogenic acid and rutimd aTSNA were estimated adopting the
standard procedures. The data of three replicati@ns statistically analysed.

RESULTS AND DISCUSSION

Agro-techniques

Non-significant differences were observed in thdution of TSNA (Table 1 and Fig.1) among
the treatments AT3 and AT2 when compared to cof&dll). Highly significant reduction in
TSNA of 18.4, 28.2 and 29.3% were recorded in treatinents, AT6, AT4 and AT7,
respectively when compared to control (AT1). Exdeghe case of AT8, a significant reduction
in TSNA ranging from 11.1 to 28.2% was observed ugmoval of midrib and subsequent air-
curing. It is observed that application of ammonionolybdate (AT7) has resulted in the highest
reduction of 29.3% in TSNA. According to Hiatt aRégland (1963), molybdenum deficiency
causes reduction in the ascorbic acid. Crawébal. (1992) reported that ascorbic acid is a well-
known scavenger of nitrite and hence a potentlabitor of nitrosamine formation.

Table 1: Effect of agro-techniques on the levels GfSNA in Burley tobacco

Treatment Total TSNA
(ppm)
AT1 - Priming and curing with midrib (120 kg N/hafontrol 9.40
AT2 - Priming and curing without midrib (120 kg Nvh 8.29
AT3 - Priming and curing with midribAzotobacter + 90 kg N/ha) 9.30
AT4 - Priming and curing without midribAgotobacter + 90 kg N/ha) 6.75
AT5 - Priming and curing with midrib (30 kg/ha N amganic form + 90 kg N/ha) 9.27
AT6 - Priming and curing without midrib (30 kg/haitNorganic form + 90 kg N/ha) 7.66
AT7 - Priming and curing with midrib (120 kg N/hal+tkg Ammonium molybdate) 6.65
AT8 - Priming and curing without midrib (120 kg Nk 1 kg Ammonium molybdate) 8.36
CV (%) 2.56
SEm + 0.1215
CD (P=0.05) 0.3644

Djordjevic et al. (1985) reported that mature green leaves contasngll amounts (0.6 to 1.5
ppm) of TSNA that increased (0.9 to 17.8 ppm) dwrouring. Leaves from higher stalk
positions and leaves with increased time in thenguprocess had greater amounts of TSNA.
Chamberlain and Chortyk (1992) observed that loviertilization levels and careful
manipulation of curing parameters could lower rs&nmine levels in cured tobacco. Guial.
(1997) have reported significant decrease in aitfirmation and TSNA accumulation in the
treatments viz., primed, primed — midrib — splidgorimed — midrib — lamina separate when
compared to stalk — cured control.  Accordingtp Singhet al. (2002), decrease in inorganic
nitrogenous fertilizer and increase in organic mamesulted in the reduction of TSNA in FCV
tobacco. According to Burton and Bush (2005) changepost-harvest practices can result in
decreased accumulation of TSNA for Burley tobacthe significant reduction in TSNA
recorded in the present study could be attributed hastening of the curing process due to
removal of midrib, ii) substitution of 25% of recamended dose of nitrogen through the
biofertilizer, Azotobacter and organic manure i.e. Farm Yard Manure (FYM) gih@pplication
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of molybdenum which favours the formation of aseorlcid which is reported to block the
nitrosation.

Foliar application of manganese

It is inferred from the statistical analysis of thata that the differences in nicotine, nitrate and
total polyphenols were non-significant among theatments (Table 2 and Fig.2). However,
highly significant differences were observed in linels of TSNA among the treatments due to
foliar spray of manganese sulphate. Significastdase in TSNA was observed between the
green leaf sample harvested at 150 DAP (FT1) amdubed leaf sample (FT2). Only a marginal
increase was observed in the samples harvested5aDAP/15 DAS (FT3) and there was a
decline in TSNA in the sample harvested at 180 RAMAS (FT4) indicating 50.2% reduction
in TSNA when compared to the control (leaf harveste180 DAP and no spray). Even though,
non-significant, the nitrate content was lower e sample (FT4). The marginal increase in
TSNA in the sample (FT3) could be attributed to ltiigher level of nitrate. According to Maton
(1947), increasing the manganese concentratioalutien culture for Turkish tobacco increased
the ascorbic acid content of tobacco leaves. Huoerhic acid content of leaves and fruits of
tomato plants fertilized with 150 g Mn/18mvas 12-30% higher than that of control plants
(Bronsort, 1950). Lakest al. (1981) reported that manganese deficiency intpleould lead to
ascorbic acid deficiency which will in turn lead tatrite accumulation and nitrosamine
production.

Table 2: Effect of application of manganese on thievels of TSNA in Burley tobacco

Treatment Nicotine Nornicotine Nitrate Polyphenols TSNA
(mg/g) (mg/g) (mg/g) (mg/g) (ppm)
- * *%

FT1- 150 DAP* & 0 DAS 24.36 6.56 9.12 6.89 3.38
(Green leaf)
E;% 150 DAP & 0 DAS (Cured 55 44 5.68 10.95 8.75 7.92
FT3 - 165 DAP & 15 DAS 27.10 7.57 13.94 7.79 9.25
(Cured leaf)
FT4 - 180 DAP & 30 DAS 24.60 7.25 8.96 8.39 6.76
(Cured leaf)
FT5 (Control) - 180 DAP &No | 5 gg 5.49 11.07 8.45 13.58
spray (Cured leaf)
CV (%) 11.72 22.38 21.98 14.98 9.24
SEm+ 1.4810 0.7286 1.1879 0.6032 0.3779
CD (P=0.05) NS NS NS NS 1.1388

* DAP: Days after planting; ** DAS Days after spray

Exogenous application of ascorbic acid and tanniccéd

It is inferred from the data (Table 3 and Fig.3tthxogenous application of ascorbic acid (ET3)
resulted in highly significant reduction (46.5%)T®NA and significant reduction in nicotine
(15.8%) when compared to tannic acid (ET5) (TSNB:9% and nicotine: 3.7%) at 30 DAS.
Though non-significant, the levels of nitrate ire ttreatments ET3 and ET5 were low when
compared to the untreated sample (ET6). Accordingitvish et al. (1972), ascorbate has been
shown to be more than 95% effective in blockingasation of morpholine and piperzine.
Chamberlainet al. (1986) observed that spraying of 0.1 N solutiéragcorbic acid 24 hours
prior to last harvest had no effect on the blockahgitrosation. However, spraying of ascorbic
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acid solution on harvested NC 2326 leaves resuiteal 76% reduction in TSNA after flue-
curing compared to untreated leaves. MacKaavial. (1988) have reported that formation of
TSNA in a slurry of midrib tissues derived from thg-cured Burley tobacco is prevented, if
ascorbic acid is added. Lourenebal. (1994) reported a certain reduction in the pH an
alkaloid content and thus possibly preventing titeosamine formation by spraying ascorbic
acid on the cured leaves. Gatial. (1997) have reported a significant decrease witeniand
TSNA due to spraying of ascorbic acid. Burton (Usifghed results) reported that ascorbic acid
could be incorporated into the leaf in large quasj but that it is readily metabolized. After
three days, the level had decreased to that otittiecated leaves. Further, TSNA and nitrite
levels are lower in tobacco leaves treated witlodmsc acid after 26 days of curing than in
control leaves treated only with water. Thus, it && concluded from the results that significant
reduction (50.2%) in TSNA could be attributed téidoapplication of manganese after 30 DAS
when compared to control and 15 DAS may not badeifit.

Table 3: Effect of application of ascorbic acid andannic acid on the levels of TSNA in Burley tobacz

Treatment Nicotine Nornicotine Nitrate Polyphenols TSNA
(mg/g) (mg/g) (mg/g) (mg/g) (ppm)
ET1 - Water spray (Green leaf) 24.81 5.76 8.28 97.2 3.32
ET2 - Ascorbic acid @ 0.25% -
DAS (Green leaf) 22.46 6.75 5.49 10.19 2.05
ET3 - Ascorbic acid @ 0.25% -
30 DAS (Cured leaf) 24.49 6.06 6.31 8.11 3.93
ET4 - Tannic acid @ 0.25% - 0
DAS (Green leaf) 28.19 6.59 7.97 7.96 2.75
ET5 - Tannic acid @ 0.25% - 30
DAS (Cured leaf) 28.00 6.37 6.37 7.11 6.32
ET6 - Water spray — 30 DAS 29.09 8.59 8.37 8.68 7.34
(Cured leaf) ) ) ) ) )
CV (%) 9.35 18.46 21.65 14.50 13.42
SEm+ 1.4125 0.7127 0.8913 0.6887 0.331P
CD (P=0.05) 4.3527 NS NS NS 1.0226
* DAP: Days after planting ** DAS. Days after spray
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Fig. 1: Effect of agro-techniques on the levels G'SNA in Burley tobacco
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The investigations have established that a sigmificeduction in TSNA ranging from 11.1 to
28.2% was observed due to removal of midrib andegbent air-curing. Further, a significant
reduction of 50.2% in TSNA could be achieved dudol@r spray of manganese sulphate @
0.20% on a 150-day old Burley tobacco field cromirly, exogenous application of ascorbic
acid @ 0.25% on the harvested Burley tobacco giesres and subsequent air-curing resulted
in highly significant reduction (46.5%) in TSNA.
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