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Chemica l  charac ter i za t ion  o f  t obacco  s e e d s  is  sup- 
p o s e d  to  be an i n t e r e s t i n g  too l  in order  to  e x t e n d  the  
k n o w l e d g e  on a l ternat ive  products  o f  th i s  crop w h i c h  
is  o f  great  e c o n o m i c  interes t .  This  paper  d e s c r i b e s  
c h e m i c a l  c o m p o s i t i o n  of  meaIs ,  fat ,  ash,  prote in ,  f i b e r  
and ni trogen-free-extract;  f u r t h e r m o r e ,  p a r t i c u l a r  
e m p h a s i s  is  given to the  c o m p o s i t i o n  o f  l ipid fract ion,  
with  a c o m p l e t e  charac ter i za t ion  o f t r i g l y c e r i d e s ,  f a t t y  
acids,  and u n s a p o n i f i a b l e  matter .  Tri l inole in  and pal- 
m i t o d i l i n o l e i n  are the  main  t r i g lyce r ide s ,  whi le  l inole-  
ic is  the  main  fa t ty  acid.  Cho les t e ro l ,  as  in other  
Solanaceae ,  is  p r e s e n t  in t he  s t e r o l  f rac t ion .  Cycloar-  
t e n o l  is  the  main  c o m p o n e n t  o f  the  tr i terpenic  a l coho l s  
fract ion.  A m i n o  ac ids  and g luc ides  c o m p o s i t i o n  is  a l so  
reported.  

KEY WORDS: A m i n o  acids,  c h e m i c a l  analys is ,  fats ,  
f a t ty  acids,  methy l s t ero l s ,  Nico t iana  t a b a c u m  L., o i l  
gosacchar ides ,  prote ins ,  s tero ls ,  therpen ic  a lcohols .  

A number  of papers  dealing with chemical  composi t ion of 
tobacco leaves, grown both for smoking purposes  (1-3)  
and as a protein  source (4-6), are available. 

In teres t  in this kind of s tudy is unders t andab le  consid- 
ering the economic impor tance  of smoking tobacco culti- 
vation, which is the  basis of the agr icul tura l  economy of 
several countries.  On the other  hand,  only a few pape r s  
have been publ ished concerning the chemical  composi-  
t ion of tobacco seeds. We consider  this kind of research to 
be of some importance,  both for the need to find new uses 
for this impor t an t  crop, as the number  of smokers  in the 
developed countr ies  steadily decreases,  and  for its useful- 
ness to character ize  seeds, with the  intention of preset-c- 
ing seed purity. 

The aim of this pape r  is to widen knowledge of the 
composit ion of the seeds and to apply  the latest  analyt ical  
techniques to supply  the most  up to-da te  contribution.  

EXPERIMENTAL 

The seeds of three  different var ie t ies - -Br ight  Italia, 
Kentucky 104, and  Bright V--of  Nicot iana tabacum L., 
collected at  ripening, were oven-dried at  40°C for 4 hr in 
order  to el iminate most  of the moisture.  Seeds were then 
ground in a Jenkl-Kenkel wa te r  cooled mill (T~ 30°C). 
Moisture ( res idue)  and ash content  were dosed as 
described in the I ta l ian  Official Methods of  Ana lys i s  o f  
Cereals (7). Crude fat content  was de te rmined  gravimet- 
rically, after ex t rac t ion  with n-hexane  in a Soxhtec 
System a p p a r a t u s  (Tecator, Hoganas, Sweden) while the 
raw fiber content  was de te rmined  with a semi-automat ic  
Fibertec a p p a r a t u s  (Tecator) ,  which is based upon the 
Weende method.  The raw protein  content  was dosed 
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with a Gerha rd t  Vapodest  Ins t rument .  The nitrogen-free- 
ex t rac t  was calcula ted by subtract ion,  at  100. 

The amino acid profile was de te rmined  af ter  hydrolysis 
with 6 M HC1 solution car r ied  out  in an iner t  a tmosphere  
for 21 hr  a t  127°C, as described by Zumwalt  et al. (8). Free 
amino acids thus  obta ined were then analyzed by means  
of a Carlo Erba 3A30 Amino Acids Analyzer (Carlo Erba, 
Rodano, Milano, Italy). 

The composi t ion of the glucidic fract ion was deter-  
mined by ex t rac t ion  of glucides from defa t ted  meal with 
methyl  alcohol, as descr ibed by Mariani et al (9); in 
con t ras t  to wha t  is descr ibed in this procedure ,  however, 
in o rder  to obtain oxime derivatives, the glucides were 
t r ea ted  with Stox solution (Pierce Chemical Co., oud- 
beijerland, Netherlands) ,  which contains  hydroxylamine  
and fi-phenil-D-gluco-piranoside as in ternal  s tandards .  
Reaction with hydroxylamine was car r ied  out  for 30 min 
at  70°C in a closed screw-cap tube. After  cooling, silanyza- 
tion was applied,  according to Sweeley et al. (10). Gas- 
liquid chromatographic  (GLC) analysis was carr ied  out 
by a Carlo Erba 4200 gas chromatograph ,  in the analyt ical  
condit ions r epor ted  in Table 1. 

The lipid fraction was ex t r ac t ed  with n-hexane  for 8 hr 
in a Soxhlet- type ext rac tor .  Hexane was evapora ted  by 
distil lation at  reduced pressure  (15 rlbrr) in a ro t a ry  
evapora tor ,  with t empera tu re  lower than  40°C. Glyceride 
composit ion of the oil was obtained by GLC with a Carl() 
Erba  Mega 5160 appara tus ,  connected  to a Mega 2 
integrator ,  in the analyt ical  condit ions r epor ted  in Table 
1. Fa t  was then saponif ied according to NGD (Norme 
Grassi e Derivati) method  (11), and  fat ty acids were 
converted to methyl  esters  by react ion with an e thereal  
solution of d iazomethane  (CHIN2 (12) and analyzed using 
a Carlo Erba Series Mega 5160 gas ch roma tog raph  with 
analyt ical  condit ions r epor ted  in Table 1. The unsaponif-  
iable fraction, obta ined by the NGD method  C 12 (13), 
was t r ea ted  with CH2N2 in o rde r  to t rans form free fat ty 
acids, which in the thin layer ch roma tog raphy  (TLC) tha t  
was to follow would have interfered with the sterols band, 
into methyl  esters, whose Rf is higher than  the sterols one 
(14). 

TLC fract ionat ion of unsaponif iable  ma t t e r  was 
realized with silica gel G plate  (S t ra tochrom SI Carlo 
Erba),  using n -hexane /d ie thy l  e ther  60:40 (v/v)  as eluent. 
Plates were sp rayed  with 0.2% ethanol ic  solution of 2,7'- 
dichlorofluorescein (sodium salt),  and  bands  were 
sc raped  off from the p la te  and twice ex t r ac t ed  with ethyl 
ether. Unsaponif iable bands  were analyzed with the GLC 
a p p a r a t u s  descr ibed above. Exper imenta l  condit ions are 
r epor t ed  in Table 1 (15). All de te rmina t ions  were repeat -  
ed twice; d a t a  r epor t ed  in this p a p e r  are  tbe  average of 
two per formances  of each test. 

RESULTS AND DISCUSSION 

Tile percentage  composi t ion of meals obta ined from 
tobacco seeds, r epor ted  in Table 2, shows fat, raw prote in  
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TABLE 1 

Exper imenta l  Condit ions for Gas Chromatographic  Determinat ions  

Fatty acids (Triterpene alchohols, 
Analyte Triglycerides methyl esters methyl sterois, sterols) a Carbohydrates 

References ( 13 ) (9) 
Stationary phase TAP SP 2330 SE 52 RTX 1 
Internal diameter (mm) 0.25 0.32 0.32 0.32 
Length (m) 25 60 25 10 
Film thickness (U) 0.1 0.20 0.15 0.15 
Injection technique split split split split 
Carrier gas flow rate (mL/min) 1 0.6 1 1..7 
Split ratio 1/60 1/60 1/80 1/80 
Carrier gas He He He He 
Oven temperature (°C) 340-360 130-210 270 180-340 
Temperature rate l°C/min isot. 6 min; 3°C/min isothermal 8°C/min 
Detector temperature (°C) 400 260 320 320 
Injector temperature (°C) 380 260 320 320 
Detector FID b FID FID FID 

aComponents analyzed as trimethylsilyl (TMS) derivatives. 
bFID, flame ionization detector. 

TABLE 2 

Composi t ion  of  Tobacco S e e d  Meal  Compared to Other Oil-Bearing S eed s  (% dry w t )  

Unsaponifiable Nitrogen-free 
Moisture Raw proteins Lipids oil fraction Fiber Ash extract 

Kentucky 104 5.1 25.0 48.0 1.2 19.9 3.2 2.7 
Bright Italia 5.1 25.3 47.8 1.5 21.2 3.6 0.6 
Bright V 5.3 25.9 47.2 1.5 21.0 3.2 1.2 
Sunflower (16) 5-6 20-30 30-50 0.8-1 11-22 3-6 8-20 
Rapeseed (17) . . . .  15.1 - -  - -  

TABLE 3 

Amino  Acid Composi t ion  of  Tobacco S e e d  Meals  (mg a a / 1 0 0  mg 
prote in)  

Kentucky 104 Bright Italia Bright V 

Aspartic acid 9.8 9.8 9.5 
Threonine 3.1 3.0 3.0 
Serine 2.5 2.4 2.4 
Glutamic acid 22.4 22.4 22.1 
Proline 3.0 3.3 3.2 
Glycine 5.0 4.9 5.0 
Alanine 4.4 4.2 4.3 
Cysteine 0.5 0.4 0.7 
Valine 5.6 5.6 5.7 
Methionine 1.2 1.3 1.4 
Isoleucine 4.5 4.6 4.5 
Leucine 7.0 6.9 7.0 
Tyrosine 2.6 2.8 2.6 
Phenylalanine 4.0 4.0 3.8 
Histidine 2.4 2.3 2.3 
Lysine 2.4 2.4 2.5 
Arginine 12.7 12.9 12.6 
Ammonia 2.6 2.8 2.9 

a n d  ash c o n t e n t  s imi lar  to those of meals  ob ta ined  f rom 
o ther  c o m m o n  oi l-bearing seeds (e.g. sunf lower)  (16), 
while the  n i t rogen- f ree -ex t rac t s  c o n t e n t  is defini tely 
lower; the  high fiber c o n t e n t  makes  these  meals  s imi lar  to 
those  ob t a ined  f rom o ther  crops  wi th  little d imens ion  

seeds (e.g. r apeseed)  (17); general ly  this fact is expla ined  
with a hu l l / s eed  ra t io  in favor of the former.  

Table 3 shows the  amino  acid compos i t ion  of the three  
samples.  It  is wel l -known (18) t ha t  the  acid hydrolysis 
does no t  p e r m i t  the d e t e r m i n a t i o n  of t h r y p t o p h a n  which 
is comple te ly  destroyed,  while cysteine a n d  me th ion ine  
resul ts  are no t  quant i ta t ive ;  g lu t amine  a n d  asparag ine  
are conver ted  to the  co r r e spond ing  acids by d e a m i n a t i o n  
due  to acid action.  The o the r  amino  acids are  essent ial ly 
r ep re sen t ed  by glutamic  acid and,  in decreas ing  amounts ,  
by arginine,  a spa r t i c  acid a n d  leucine. Compar i son  with 
the  Food a n d  Agr icu l tu ra l  Organiza t ion  (FAO) amino  
acids re fe rence  p a t t e r n  (19) shows tha t  leucine, pheny-  
lalanine,  lysine a n d  the  s u l p h o n a t e d  a m i n o  acids are  low 
in conten t ,  while  the  o the r  a m i n o  acids show values close 
to the  op t imum;  anyway,  low c on t e n t  of some amino  
acids, lysine in par t icu la r ,  is a c o m m o n  p rob lem in m a n y  
vegetable meals  (e.g. sunflower,  safflower etc.). 

Con ten t s  of ca rbohydra t e s  (Table 4) are no t  in com- 
plete a g r e e me n t  wi th  d a t a  of Kuo et al. (20). The 
ca rbohydra t e s  of the  tobacco seeds are, accord ing  to our  
results,  basical ly  r e p r e s e n t e d  by sucrose,  at  abou t  1.5- 
2.5% ( w / w )  of defa t ted  meal.  The high var iabi l i ty  of 
s tachiose  c o n t e n t  is no t  easy to in te rpre t ,  s ince we do not  
know the  "historical  background"  of ou r  samples:  it is 
k n o w n  t h a t  this  o l igosacchar ide  ma y  derive from stress 
p h e n o m e n a  (pH or t e m p e r a t u r e )  (21). 

Compos i t ion  of t r iglycerides is r epor t ed  in Table 5, 
while a typical  high reso lu t ion  gas ch roma tog raph ic  
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( H R G C )  t r a c e  is r e p r o d u c e d  in  F i g u r e  1. T r i l i n o l e i n  (LLL)  
a n d  p a l m i t o d i l i n o l e i n  ( P L L )  a r e  t h e  m a i n  c o m p o n e n t s  in  
t h e  t h r e e  s a m p l e s ;  t h i s  u n i f o r m i t y  is c o n f i r m e d  b y  t h e  
f a t t y  a c i d  c o m p o s i t i o n s  r e p o r t e d  in  Tab le  6: l i no le ic  is t h e  
m a i n  f a t t y  ac id ,  w h i l e  p a l m i t i c  t o g e t h e r  w i t h  o le ic  
a c c o u n t s  f o r  a b o u t  20% o f  t h e  t o t a l  f a t t y  ac ids .  T h e  k i n d  o f  
GLC p h a s e  u s e d  e n a b l e s  u s  t o  s e p a r a t e  Cls:~L~ f r o m  
Ct8:la9 a s  well .  T h e s e  f a t t y  a c i d  c o m p o s i t i o n s  r e s e m b l e  t h e  

TABLE 4 

C a r b o h y d r a t e s  C o n t e n t  o f  T o b a c c o  S e e d s  D e f a t t e d  M e a l s  ( g / k g )  

Cultivar Kentucky 104 Bright Italia Bright V 

Identification 
Fructose 0.11 0.13 0.20 
Glucose 0.12 0.10 0.30 
Sucrose 16.80 16.70 23.70 
Raffinose 1.65 .147 2.29 
Stachiose 3.30 1.33 0.40 
Total carbohydrate  21.98 19.73 26.90 

..J 

5 
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TABLE 5 

Tr ig lycer ide  C o m p o s i t i o n  a o f  t h e  U n t r e a t e d  Oil  

FIG. 1. Gas  c h r o m a t o g r a p h i c  t r a c e  o f  t h e  t r i g l y c e r i d e s  o f  oiI 
e x t r a c t e d  f r o m  s e e d s  o f  B r i g h t  V cul t ivar .  P = p a l m i t i c  acid;  S = 
s t e a r i c  acid,  O = o le i c  acid,  L = l i n o l e i c  acid,  Ln = l i n o l e n i c  acid.  

RR'P ~ Identification c Kentucky 104 Bright Italia Bright V 

0.63 PPS 0.1 0.1 0.1 
0.64 PPO 0.4 0.4 0.4 
0.67 PLP 3.2 2.9 3.0 
0.70 PPoL 0.3 0.2 0.6 
0.83 POO 1.1 0.7 0.7 
0.84 PLS 1.3 1.2 1.2 
0.87 PLO 7.2 6.6 6.7 
0.91 PLL 25.0 24.0 22.9 
1.00 SO0 0.5 0.2 0.3 
1.07 OOO 1.4 0.9 1.2 
1.10 SLO 3.2 2.4 3.7 
1.12 OLO 5.3 5.3 5.2 
1.15 OLL 15.0 15.0 16.1 
1.20 LLL 36.0 40.1 37.9 

~Calculated on the basis of the relative HRGC areas. 
bReferred to SSO - 1.00 in the analytical conditions described in 
Table 1. 

¢Tentative identification on the basis of comparison with chroma- 
tographic behavior of available s tandards.  

o n e s  o f  g r a p e  s e e d  oil  ( 2 2 )  a n d  " t r a d i t i o n a l "  s a f f l o w e r  oi l  
( 23 ) ,  w h i l e  d i f f e r e n c e s  a r e  t o  b e  n o t e d  in t h e  c o m p o s i t i o n  
o f  t h e  s t e r o l  f r a c t i o n ,  r e p o r t e d  in Tab le  7. S t e r o l s  w e r e  
i d e n t i f i e d  b y  c o m p a r i s o n  o f  r e l a t i v e  r e t e n t i o n  t i m e  ( R R T )  
w i t h  t h e  o n e s  r e p o r t e d  in  t h e  l i t e r a t u r e  ( 1 5 , 2 4 , 2 5 )  a n d  
w i t h  t h e  o n e s  o f  l ip id ic  e x t r a c t  o f  k n o w n  c o m p o s i t i o n ;  
f u r t h e r m o r e ,  t h e  c h a r a c t e r i s t i c  m o d i f i c a t i o n  o f  r e t e n t i o n  
t i m e s  o n  t w o  p h a s e s  o f  d i f f e r e n t  p o l a r i t y  (SE  52 a n d  OV 
17)  w a s  c o n s i d e r e d .  

A p e c u l i a r  c h a r a c t e r i s t i c  o f  t h e  l ip id  f r a c t i o n  e x t r a c t e d  
f r o m  t o b a c c o  s e e d s  is t h e  p r e s e n c e  o f  h i g h  a m o u n t s  o f  
c h o l e s t e r o l ,  w h i c h  is t y p i c a l  o f  Solanaceae as  r e p o r t e d  in 
T a b l e  7 (15 ,27 ) ,  w h i l e  f i - s i t o s t e ro l ,  e v e n  if  i t  is t h e  m a i n  
c o m p o n e n t ,  is p r e s e n t  in  l o w e r  a m o u n t s  t h a n  in  o t h e r  
v e g e t a b l e  l i p id s  (15 ) ,  w i t h  t h e  e x c e p t i o n  o f  oi ls  e x t r a c t e d  

TABLE 6 

Fat ty  A c i d s  C o m p o s i t i o n  a o f  Oi l  O b t a i n e d  f r o m  T o b a c c o  S e e d s  C o m p a r e d  w i t h  T h o s e  o f  O t h e r  
O i l - B e a r i n g  S e e d s  

Ci6:0 C15:1 C17:0 C18:0 C18:1A9 CI8:IA11 C18:2 C18:3 C20:0 C22:0 

Kentucky 104 9.5 0.1 0.1 2.8 10.6 0.6 74.9 1.1 0.2 0.1 
Bright Italia 9.2 0.1 0.1 2.5 9.5 0.8 76.1 1.4 0.2 0.1 
Bright V 8.9 0.1 0.1 2.6 l l .1  0.7 75.1 1.1 0.2 0.1 
Grape seed (22) 7.7 0.2 - -  3.8 14.0 0.6 73.1 0.4 0.2 - -  
Safflower (23) 7.5 - -  - -  2.8 12.0 0.8 76.1 - -  - -  - -  

a o % Calculated with respect to total  acids, on the basis of the  HRGC areas. 
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TABLE 7 

C o m p o s i t i o n  a o f  t h e  S t e r o l  F r a c t i o n  ( a s  T M S ) ,  C o m p a r e d  to  T h o s e  o f  O the r  Oi l -Bear ing  S e e d s  

RRT b Ident i f ica t ion  c K e n t u c k y  104 Bright  I tal ia  Bright  V Safflower (23)  Grape  seed  (22)  Tomato  (15) 

0.62 U n k n o w n  Tr  Tr  0.4 - -  - -  - -  
0.67 Choles tero l  8.6 7.3 9.8 Tr 0.3 20.6 
0.69 Cho les tano l  0.4 0.2 Tr Tr Tr 1.0 
0.74 Brass icas te ro l  1.1 0.1 1.0 - -  - -  1.1 
0.77 24 -me thy lencho les t e ro l  0.5 0.9 0.4 1.3 - -  0.9 
0.78 U n k n o w n  Tr 0.5 0.7 0.1 - -  - -  
0.83 C a m p e s t e r o l  13.0 13.4 13.6 13.6 9.5 4.8 
0.84 C a m p e s t a n o l  0.3 0.3 Tr - -  - -  - -  
0.88 S t igmas te ro l  9.3 10.2 9.6 5.5 11.3 9.6 
0.90 S t igmas teno l  0.6 0.6 0.6 - -  - -  - -  
0.92 AT-campes tanol  1.5 0.9 1.9 4.2 - -  - -  
0.98 Clerosterol  0.7 0.8 1.3 - -  - -  0.5 
1.00 fl-si tosterol  39.5 43.8 39.5 48.9 75.0 49.8 
1.03 AS-avenasterol  22.7 19.3 19.2 4.0 1.7 10.2 
1.06 U n k n o w n  Tr 0.2 0.3 - -  - -  - -  
1.08 A3,2-stigmastadienol 1.0 0.8 0.8 - -  - -  - -  
1.11 A7-st igmastenol  0.1 0.1 0.2 18.5 1.4 1.0 
1.16 AT-avenasterol  0.7 0.6 0.7 2.1 0.8 0.5 

aCalculated on  t h e  basis  of  t h e  HRGC areas .  

bReferred to  f l-si tosterol  (TMS) = 1.0O in t h e  ana ly t ica l  cond i t ions  descr ibed  in Table 1. 

cTentat ive ident i f ica t ion  on  t h e  bas is  of  d a t a  r e p o r t e d  in l i t e ra tu re  (15,24-26) .  

Note: cho les te ro l  = 55 colesten-3fl-ol; cho les tano l  = 5a-cholestan-3/~-ol;  b rass i cas te ro l  = [24S]-24-methyl-AS,2~-cholestadien-3fl-ol; 24- 
me thy l encho le s t e ro l  = 24-methylen-A~,24-cholestadien-3/~-ol; c a m p e s t e r o l  = [24R]-24-methyl-AS-cholesten-3/~-ol; c a m p e s t a n o l  = [24R]-24- 
m e t b y l - c h o l e s t a n  3fl-ol; s t i gmas te ro l  = [24S] 24-ethyl-A5.22-choelstadien-3fl-ol; s t i g m a s t a n o l  = [24S]-24-ethyl-cholestan-3fl-ol;  AT_ 
c a m p e s t e r o l  = [24R]-24-methyl-AT-cholesten-3/~-ol; c leros terol  = [24S]-24-ethyl-A~,25-cholestadien-3fl-ol;/~-sitosterol = [24R]-24-ethyl-AS- 
cholesten-3/~-ol; AS-avenasterol  = [24Z]-24-ethyliden-A~-cholesten-3fl  ol; As.24-stigmastadienol = [24R,S]-24-ethyl-AS,24-cholestadien-3fl-ol; 
AV-stigmastenol = [24R,S]-24-ethyl-AT-cholesten-3/~ ol; AT-avenasterol  = [24Z]-24-ethyliden-AT-cholesten-3/~-ol. 

T A B L E  8 

C o m p o s i t i o n  • o f  t h e  T r i t e r p e n e  A l c o h o l s  F r ac t i on  

RRT b Identif ication¢ K e n t u c k y  104 Bright  I ta l ia  Bright  V 

0.79 U n k n o w n  0.1 0.1 0.1 
0.82 U n k n o w n  2.4 0.7 1.6 
0.86 U n k n o w n  0.4 0.5 0.4 
0.88 U n k n o w n  3.7 0.7 2.8 
0.92 U n k n o w n  0.2 0.5 0.5 
0.98 U n k n o w n  0.3 0.3 0.4 
0.99 U n k n o w n  1.9 - -  1.8 
1.00 U n k n o w n  1.5 1.9 1.6 
1.01 f l-amirin 3.9 5.4 4.7 
1.06 U n k n o w n  2.3 2.4 2.8 
1.12 Cycloar tenol  76.8 82.2 75.0 
1.18 U n k n o w n  0.7 1.0 1.0 
1.21 U n k n o w n  2.9 1.8 3.7 
1.24 24 -me thy lenecyc loa r t ano l  2.9 2.5 3.5 

aCalculated on t h e  bas is  of  t h e  HRGC areas .  

bReferred to fl-si tosterol  (TMS) = 1.00 in t h e  analyt ica l  cond i t ions  descr ibed  in Table 1. 

cTentat ive ident i f ica t ion on t h e  bas is  of  d a t a  r epo r t ed  in l i t e ra tu re  (15, 29, 30). 

Note: f l -amirin = 5a-olean-12-en-3fl-ol ;  cyc loar teno l  = 9fl ,19-cyclo-5a-lanost-24-en-3fi-ol;  
24 -methy lene-cyc loa r t ano l  = 24 methylene-9f l ,19-cyclo-5a- lanostan-3f l -ol .  

f r o m  f l a x s e e d ,  t o m a t o  a n d  s o y b e a n  (cv .  a z u c h i )  s e e d s .  
A n o t h e r  c o m p o n e n t  o f  t h i s  f r a c t i o n  w h i c h  is  p r e s e n t  in  
h i g h  a m o u n t s  i s  A S - a v e n a s t e r o l  ( 2 0 % ) ;  i t  i s  c h a r a c t e r i s t i c  
o f  t h e  l i p i d  f r a c t i o n  e x t r a c t e d  f r o m  o a t ,  a z u c h i  a n d  
c o c o n u t  ( 1 5 ) .  A T - S t i g m a s t e n o l ,  o n  t h e  o t h e r  h a n d ,  i s  
p r e s e n t  i n  m i n i m a l  q u a n t i t y ,  e v e n  i f  t o b a c c o  s e e d  o i l  
c o n t a i n s  l a r g e  a m o u n t s  o f  l i n o l e i c  a c i d ,  a c h a r a c t e r i s t i c  
w h i c h  is  o f t e n  a c c o m p a n i e d  b y  h i g h  l e v e l s  o f  t h i s  s t e r o l  

( m o r e  t h a n  10%)  a s  i s  t h e  c a s e ,  f o r  e x a m p l e ,  i n  t h e  
s a f f l o w e r  a n d  s u n f l o w e r  o i l s  ( 2 3 , 2 8 ) .  

T a b l e  8 s u m m a r i z e s  t h e  c o m p o s i t i o n  o f  t h e  t r i t e r p e n i c  
a l c o h o l s  f r a c t i o n :  b e s i d e s  s m a l l  q u a n t i t i e s  o f  f l - a m i r i n  a n d  
2 4 - m e t h y l e n e c y c l o a r t h a n o l ,  h i g h  p e r c e n t a g e s  o f  c y c l o a r -  
t e n o l  w e r e  d e t e c t e d  i n  o u r  s a m p l e s .  T a b l e  9 s h o w s  t h e  
c o m p o s i t i o n  o f  t h e  m e t h y l  s t e r o l s  i d e n t i f i e d  o n  t h e  b a s i s  
o f  t h e  c o m p a r i s o n  o f  r e l a t i v e  r e t e n t i o n  t i m e s  ( R R T )  w i t h  
t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e  ( 1 5 , 2 9 , 3 0 )  f o r  l i p i d  

JAOCS, Vol. 68, no. I (January 1991 ) 



CHEMICAL COMPOSITION OF TOBACCO SEEDS 

TABLE 9 

Composition~ of  the  Methyl  Sterols  Fraction (TMS)  

RRT b Identification ~ Kentucky 104 Bright Italia Bright V 

0.80 Unknown 3.6 3.7 2.1 
0.83 Unknown 2.9 2.0 2.6 
0.88 Unknown 11.1 12.1 8.5 
0.90 Unknown 13.5 11.6 11.2 
1.01 Obtusifoliol 3.7 4.0 4.0 
1.04 Unknown 2.4 3.3 3.2 
1.07 Unknown 3.9 3.8 6.2 
1.11 Cycloeucalenol 11.1 11.8 10.5 
1.13 Gramisterol Tr Tr Tr 
1.30 Unknown 2.8 3.3 3.5 
1.35 Isocitrostadicnol 1.3 1.7 1.5 
1.41 Citrostadienol 43.0 41.1 45.6 
1.45 Unknown 0.7 1.6 1.0 

~Calculated on the basis of the HRGC areas. 
t,Referred to fi sitosterol (TMS) - 1.00 in the analytical conditions described in Table 1. 
~Tentative ident~cation on the basis of data  reported in l i terature (15, 29). 
Note: obtusifoliol = 4a,14a dimethyl 24 methylene-5a-cholest-8-en-3B-ol; cycloeucalenol 
- 4a,19a dimethyl 9fl,19 cyclo 24 methylene-5a-cholestan-3fl-ol; gramisterol = 4a 
methyl-24-methylene-5a-cholest-7-en-3fi~ol; citrostadienol = 4a-methyl-(24Z)-24 ethy- 
lidene 5a-colest 7 en 3fi ol. 

33 

s u b s t r a t e s  o f  k n o w n  c o m p o s i t i o n .  T h e  m o s t  c o m m o n  
c o m p o n e n t  is c i t r o s t a d i e n o l ,  a s  is t h e  c a s e  w i t h  t h e  oil  
e x t r a c t e d  f r o m  t h e  g r a p e  s e e d  a n d  c o t t o n  (15 ) .  M e t h y l  
s t e r o l s  f r a c t i o n  i n c l u d e s ,  b e s i d e s  t h i s  c o m p o u n d ,  e i g h t  
o t h e r  c o m p o n e n t s ,  s o m e  o f  w h i c h  a r e  p r e s e n t  in  s u b s t a n -  
t i a l  a m o u n t s ;  i d e n t i f i c a t i o n  is p r e s e n t l y  b e i n g  c o m p l e t e d  
a n d  wil l  b e  t h e  s u b j e c t  o f  a f o r t h c o m i n g  p a p e r - - t h e  
r e s e a r c h  wil l  a l so  i n c l u d e  a s t u d y  o n  t o c o p h e r o l  a n d  
h y d r o c a r b o n  t r a c t i o n s .  
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