
S U M M A R Y  

The ca rbohydra te  complex of the epigeal pa r t  of Peganum h a r m a l a  L. includes mono-  and ol igosaccha~ 
r ides ,  wa te r - so lub le  po lysaccha r ides ,  hemice l lu loses ,  and an acidic po lysacchar ide  s i m i l a r  to the pectin sub-  
s tances  of higher  plants .  It  is based  on a f r agmen t  cons t ruc ted  of c~-i -* 4-l inked D-ga lac tu ron ie  acid r e s idues  
in the pyranose  form.  
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The composi t ion  of the oH of tomato  seeds  with r e s p e c t  to the c l a s s e s  of l ipids has been studied. The 
p r e s e n c e  of l e s s  than 1~c of oxidized t r i acy lg tyce r ides  has been establ ished.  A s t e reospec i f i c  ana lys i s  of the 
main  lipid component  of the oil - t r i acy lg lyce ro l s  - has been pe r fo rmed .  It has been shown that the f i r s t  pos i -  
tion is enr iched with sa tu ra ted  fat ty acids as compared  with the third posit ion,  and the second posi t ion con- 
tains 95% of unsa tura ted  fat ty acid r e s idues ,  as in the ma jo r i t y  of plant  t r i acy lg lyce ro l s .  

Eve ry  y e a r  in the USSR the g r o s s  tomato h a r v e s t  amounts  to m o r e  than 3.5 mil l ion tonnes [1], of which 
about 50~ is p r o c e s s e d  in the p r e s e r v i n g  industry.  When it  is cons idered  that thei r  oil content is 25-30~c, the 
seeds ,  which a r e  obtained as  a waste  m a t e r i a l  (the p ropor t ion  of seeds  in tomatoes  being 0.5-2.5%), a r e  suf-  
f icient  for  the product ion of about 7 thousand tonnes of edible oil. F u r t h e r m o r e ,  this oil is  r ecommended  for  use  
in the manufac ture  of cosmet i c  and pha rmaceu t i ca l  products  and paints  [2]. 

Informat ion ex is t s  on the phys icochemica l  p rope r t i e s ,  fa t ty-ac id  composi t ion,  and amount  of unsaponif i -  
ab les  of the seed oil of tomatoes  of va r ious  v a r i e t i e s ,  f o r m s ,  and industr ial  samples .  According to some 
f igures ,  the seed oil contains oxidized l ipids but the i r  a ss ignment  to the c l a s s e s  of organic  subs tances  and the 
de te rmina t ion  of the amounts  of individual lipid components  of the oil has not been c a r r i e d  out [2-7] .  

In o r d e r  to evaluate  tomato  seed oil as  a p romis ing  food product ,  we have studied it [3] in re la t ion  to the 
c l a s s e s  of l ipids p r e s e n t  in it. The oils were  isola ted f r o m  var ious  of indust r ia l  waste  seeds  of the Tashkent  
p r e s e r v i n g  fac tory  - s amp le s  I, II, and III. The oil f r o m  each of the s amples  was sepa ra ted  by column c h r o -  
ma tography in to  a number  of f rac t ions  by  so lven t  s y s t e m s  1-7. Complex f rac t ions  of the oil were  addit ionally 
sepa ra ted  by compara t ive  th in - l aye r  ch roma tog raphy  in sui table solvent  sy s t ems .  The a s s ignment  of the 
ch romatograph ica l ly  individual zones of the subs tances  to var ious  c l a s s e s  of l ipids was made on the bas i s  of 
a combinat ion of the mobi l i t ies  of the subs tances  in a thin l a y e r  of s i l ica  gel in compar i son  with the mobil i ty  
of model subs tances ,  of qual i ta t ive reac t ions ,  of spec t r a l  c h a r a c t e r i s t i c s ,  and of the products  of chemical  r e -  
act ions.  

It was es tabl i shed that the l ipids p r e sen t  in l a r g e s t  amount  in these  s amp le s  of oils belonged to the fol-  
lowing c l a s se s :  

Insti tute of the Chemis t ry  of Plant  Substances,  Academy of Sciences of the Uzbek SSR, Tashkent .  T r a n s -  
la ted f r o m  Khimiya Pr i rodnykh  Soedinenii, No. 3, pp. 276-279, May-June,  1983. Original  a r t i c l e  submit ted 
May 4, 1982. 
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T A B L E  1. C o m p o s i t i o n  of  the  Unox id ized  F r e e  and Bound 
F a t t y  A c i d s  

Lipids 

'I 
Ill 
Position 1 
Position 2 
Position 3 

t , ,  FaitYac*ds 1 ' 12:0 14:0  16:0  17:0 I 18:0  16:1 18:1 18:2  18:3  

11 

11 
,I1 

Triacylglycerol8 

l01,01 j 1o 120167106 0.6 12, 5.2 1.3 22.5 56.6 2.0 
a i.7 29.0 10.3 3,4 21.5 32.7 1.4 

3 7 ,.6 0.5 27., 64 6 2 5 
O. 1 3.6 37  -- 18.9 71.6 2.1 

r2 3 ~b t 
Pree fatty acids 

I 0.,  16.5 0.3 o21 t I 12.8 0.6 
Diacylglycemls 

0.8 c 
Tr° I ,, o.21 o.51 - 1 Ill Tr. 9.8 0,3 4,3 

Monoacylglycerols 
" I"°dl °'°l 
IH Tr° 0,2 9'7 -- 4.3 

f 

Epoxyacyldiacylglycerols 

I ,~114 .21  - 7.~1 

5.6 
6,4[ 

L 

I 

2.3122,3 4 6 4 1 2 , s  

6 20.0 55,3 1.6 
o°.71 4.5 5 .3 i ,.4 

0.5[  17,1 67,7 I 1.3 
0.6 28,1 55.7 1,2 

0,9 121.9 55.4 I t.2 
0.6 26,2 /~7.2 1.8 

In a d d i t i o n  to the  a c i d s  m e n t i o n e d ,  the  fo l lowing  w e r e  
d e t e c t e d :  a)  t r a c e s  of  13 : 0, 15 : 0, and 20 : 0; b)  1% of  
1 3 : 0 ;  c) 0.4% of  1 3 : 0 ; d )  1.4% of  1 0 : 0 .  The GLC f i g -  
u r e s  f o r  the t r i a c y l g l y c e r o l s  of III  w e r e  r e c a l c u l a t e d  to 
m o l .  % on the  t o t a l .  

Lipids 

1. Hydrocarbons 
2. E-Carotene 
3. Acylsterols 
4. Lycopene 
5. Acetyltriterpenols, lycopene 
6. Triaey.lglycerols, lycopene 
7. Toeopherol 
8. Epoxyacyldiacylglyeemls 
9. Free fat.ty acids 

10. Chloroptiyll a 
11. Triterpenols 
12. Diacylglyeexols, pheophytin 
13. Free sterols 
14. Chlorophyll b, pheophytin b 
15. Monoacylglycerols 
16. Unidentified 

Amounts % on the total 
1 II m 

0.3 0,3 0,I 
Tr. Tr. Tr. 
0,2 Tr. 0 4 
Tr. Tr .  Tr. 
0 Tr Tr . 

90.6 90,9 80,7 
0 Tr .  Tr. 
0.8 0.4 Tr.. 
2.3 25  12.1 
Tr. Tr, Tr, 
0.5 Tr. 0, I 
4,3 5,4 6,3 
Tr. 0 2 Tr. 
Tr. Tr. Tr,  
0,2 0,3 0,3 
0.8 T~. Tr,. 

As we s e e ,  the  r e l a t i v e  a m o u n t s  in  the  l i p i d s  of  s a m p l e s  I and II  w e r e  a l m o s t  the  s a m e .  It m u s t  be  m e n -  
t i oned  tha t  s a m p l e  II, in c o n t r a s t  to I, was  not  s t ud i ed  i m m e d i a t e l y  a f t e r  i t  had b e e n  taken ,  but  a f t e r  s t o r a g e  
f o r  two y e a r s  u n d e r  l a b o r a t o r y  cond i t i ons  but ,  even  so,  the  a m o u n t  of  o x i d i z e d  l i p i d s  in i t  had not  i n c r e a s e d .  
Thus ,  not  on ly  the  c r u d e  o i l ,  bu t  a l s o  tha t  s t o r e d  in the  s e e d s ,  i s  s t a b l e  to o x i d a t i o n S 6 ] .  

The c o m p o s i t i o n s  of  the f a t ty  a c i d s  of  s o m e  l i p i d s  of  the  o i l  w e r e  d e t e r m i n e d  in s a m p l e s  II and III 
( T a b l e  1).  The  p r e d o m i n a t i n g  c o m p o n e n t  of  the  fa t ty  a c i d s  was  l i n o l e i c .  

The  p r o d u c t s  of  a l k a l i n e  h y d r o l y s i s  and l i p o l y s i s  wi th  p a n c r e a t i c  l i p a s e ,  c h r o m a t o g r a p h i c  m o b i l i t i e s  in a 
th in  l a y e r ,  the  P M R  s p e c t r a  c o n f i r m e d  the s t r u c t u r e  of  the s u b s t a n c e s  of  f r a c t i o n  6, 12, and 15 of  the o i l  a s  e s -  
t e r s  of  f a t t y  a c i d s  and g l y c e r o l ,  and  showed the d e g r e e  of  e s t e r i f i c a t i o n  of  the  g l y c e r o l ,  which enab led  t hem to 
be  a s s i g n e d  to the  t r i a c y l g l y e e r o l s ,  d i a c y l g l y c e r o l s ,  and m o n o a c y l g l y e e r o l s ,  r e s p e c t i v e l y .  The f i r s t  of  t h e m  
f o r m e d  the m a i n  c o m p o n e n t  of  the o i l  {80-90%).  

The  r e s u l t s  of a d e t e r m i n a t i o n  of  the s t e r e o s p e c i e s  c o m p o s i t i o n  of  the  t r i a c y l g l y c e r o l s  showed that  the 
f i r s t  p o s i t i o n  was  m o r e  e n r i c h e d  with  s a t u r a t e d  fa t ty  a c i d s  then the  t h i r d ,  and the s econd  p o s i t i o n  con ta ined  
95% of  u n s a t u r a t e d  fa t ty  a c i d s ,  a s  in the  m a j o r i t y  of  p l a n t  t r i a c y l g l y c e r o l s .  F r o m  t h e s e  f ac t s  we c a l c u l a t e d  
the  s t e r e o s p e c i e s  c o m p o s i t i o n  of  the t r i a e y l g l y c e r o l s  of  t o m a t o  s e e d o i l .  Among  the 48 s p e c i e s  of  t r i a c y l g l y c -  
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e r o l s  those in which the second  and th i rd  pos i t i ons  were  e s t e r i f i e d  with l ino le ic  acid p r e d o m i n a t e d  (P - s a t u -  
ra ted;  O - monoenoic ;  L - d ienic ;  Le - t r i e n i e  a c i d s ) :  

Amount, % on Amount, % on Amount, % on 
Species the total Species the total Species the total 

PPP 0.2 PPO 0.4 ~?? 0.1 
OPO 0.3 PPL 1,6 0.1 
12L 1.2 OPL 0.9 120 0.4 
LePL 0 l POO 2 1 COP 0 5 
POP 0.8 POL 8 2 LOP 0.6 
POLE 0.2 COL 4.8 LOO 1.7 
OOO 1.3 COLe 0.2 LeOO 0.1 
LOL {i. 6 LOLe O. 2 LeOL O, 3 
PLP 2.0 PLO 5.1 OI2 1.2 
OLO 3.1 PLL 18.9 LIP 1,6 
LLL 15,2 PLLe u 5 LeLP 0. ! 
PLeP 0.1 OLL 1 I. 5 LLO 3.9 
PLeO 0.2 OLLe O. 3 LeLO O. 2 
PLeL 0.8 LLLe 0,4 LeLL O. 5 
OLeO 0 1 OLeL 0.4 LLeO 0.2 
LLeL O. 5 LeLeL O. 1 -- -- 
LLeP 0.I . . . .  

The e p o x y a c y l d i a c y l g l y c e r o l s  were  ident i f ied  as  d e s c r i b e d  p r e v i o u s l y  [8 -10] .  The c ompos i t i on  of the un -  
oxidized fat ty ac ids  a c c o r d i n g  to GLC is g iven  in  Tab le  1. The methyl  e s t e r s  of the epoxy ac ids  were  s e p a r a t e d  
into five zones  by the TLC/AgNO 3 method in s y s t e m  8. T h r e e  of them were  ident i f ied  f r o m  t he i r  Rf va lues  and 
r e l a t i v e  r e t e n t i o n  t imes  by the GLC method [8] in  c o m p a r i s o n  with s a m p l e s  f r o m  o ther  oi ls .  A c c o r d i n g  to 
GLC, the compos i t i on  of the epoxy ac ids  was as  fol lows (% on the to t a l ) :  t r a n s - e p o x y s t e a r i c  - 5.9; c i s - e p o x y -  
s t e a r i e  - 16.7; e o r o n a r i e  - 39.0; X l - 15.9; X 2 - 10.2; X 3 -  8.4; X 4 - 3.9. The m a s s  s p e c t r u m  of the total 
methy l  e s t e r s  of the epoxy ac ids  showed the p r e s e n c e  of m o l e c u l a r  ions with m a s s  n u m b e r s  of 312, 310, and 
308. The l a s t - m e n t i o n e d  c o r r e s p o n d e d  to an  epoxydienic  ac id  with two e thy len ic  bonds be tween  the methy l  
t e r m i n u s  and the epoxy g roup  ( f r agmen t s  m / z  199 and 155). 

The compos i t i on  of the free fa t ty  ac ids  and that  of the ac ids  e s t e r i f i e d  in  the m o n o a c y l g l y c e r o l s  did not 
d i f fe r  f r o m  that  of the fatty ac ids  of the t r i a e y l g l y c e r o l s .  

A c y l s t e r o l s  and a c e t y t t r i t e r p e n o l s  we re  p r e s e n t  in the oil in a m o u n t s  of f r o m  0.2% to t r a c e s .  F o r  this  
r e a s o n ,  the ind iv idua l  c o m p o n e n t s  were  not  ident i f ied .  T h e i r  a s s i g n m e n t  to the c o r r e s p o n d i n g  c l a s s e s  of o r -  
gan ic  compounds  was made  f r o m  the n a t u r e  of the qua l i t a t ive  r e a c t i o n s  and t he i r  m o b i l i t i e s  in  a thin l aye r  of 

s i l i c a  gel  in  c o m p a r i s o n  with mode l  s a m p l e s .  

The t r i t e r p e n o l s  were  r e c r y s t a l l i z e d  f r o m  ace tone .  T h e i r  m a s s  s p e c t r u m  showed that  they had a m o l e c -  
u l a r  weight  of 426. However ,  in a thin l a y e r  of s i l i c a  gel  i m p r e g n a t e d  with s i l v e r  n i t r a t e  the ace ty la ted  d e r i v a -  
t ives  of the s u b s t a n c e s  of f rac t ion  11 were  s e p a r a t e d  into s e v e r a l  c h r o m a t o g r a p h i c a l l y  ind iv idua l  zones .  Con-  
sequen t ly ,  the t r i t e r p e n o l s  c o n s i s t e d  of a s e r i e s  of componen t s  of the s a m e  m o l e c u l a r  weight.  The m a i n  ones  

were  a m y r i n s  ( f r a g m e n t  with m / z  218, 100%). 

The s t e r o l s  were  i so l a t ed  by r e c r y s t a l l i z a t i o n  of the s u b s t a n c e s  of f r a c t i o n  13 f r o m  ace tone .  On the 
b a s i s  of t h e i r  m a s s  s p e c t r u m ,  f l - s i t o s t e r o l  was found as  the m a i n  componen t ,  with m i n o r  amoun t s  of c a m p e s -  
t e ro l  and t r a c e s  of s t e r o i s  with m o l e c u l a r  weights  of 412 and 386. 

EXPERIMENTAL 

The isolation of the oils from the seeds, the recording of the spectra, GLC, alkaline and enzymatic hy- 
drolysis, acetylation, and qualitative reactions have been described previously [8-10]. Stereospecific analysis 
was carried out by a well-known method [11]. Pigments were identified from their absorption in the ultravio- 
let in comparison with handbook information. 

Chromatographic separation was carried out in a column containing silica gel L 100/250 u and in a thin 
silica gel L 5/40 with 5% of gypsum on glass plates with 20% of silver nitrate and without it, and on Silufol. 

Solvent systems: hexane-diethyl ether (10: 0) (I), (9: 1) (2), (8:2) (3), (7:3), (4), (6:4) (5), (5: 5) (6), 
(0 : 10) (7) ; and benzene-chloroform-diethyl ether (50 : 50 : 2) (8). 

Triacylglycerols. PMR spectrum (6, ppm): t 0.86 (9 H); m 1.55; m 1.27; d 1.95; t 2.20; m 2.67; m 4.10 

(4 H); m 5.10; m. 5.23. 

Diaeylglyeerols. PMR spectrum (6, ppm): t 0.85 (6 H); m 1.27; m 1.55; d 1.96; t 2.4; m 2.68; d 3.54+ 
m 4.10 (4-5 H); m 4.95; m 5.23. 
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Moneacylglyeerols .  PMR spec t rum (5, ppm):  t 0.80 (3 H); m 1.24; m 1.55; d 1.98; t 2.24; m 2.68; d 
3.70 + m comb. 3.90 (4-5 H); m 4.90; m 5.24. 

]Epoxyacyldiaeylglycerols.  PMR spec t rum (5, ppm): t 0.85 (9 H); m 1.26; m, 1.55; d 1.95; t 2.20; m 
comb. 2.68 and 2.70 (in the p resence  of t r i f luoroace t ic  acid, 2.70 and 2.90); m 4.14; m 5.10; m 5.24. 

Hydrocarbons.  Mass spect rum,  160°C, 40 V, m / z  (relat ive intensity,  Pc): M ÷ 464 (79)-C33, 450 (10)-  
C32, 436 (100)-C31, 422 (18)-C30, 408 (55)-C20. The intensi t ies  were  calculated with respec t  to the peaks r e -  
lating only to the molecu la r  ions. 

Tr i t e rpeno ls .  Mass spec t rum,  135°C, 40 V, m / z  (~c t e l . ) :  M + 425 (35.0), (M-15)  ÷ 411 (17.5), (M-18)  ÷ 
408 (3.5), (M-33) + 303 (3.5), 304 (0), the ions 272 (5.2), d 257-259 (17.5-3.5), b 218 (I00%), (b -15) ÷ 103 
(52.0), a 189 (58.0), 205 (75.0), 2.7 (38.6). 

SUMMARY 

The presence of about 11 classes of Hpids in tomato seed oil has been established. The main components 
are unoxidized acylglycerols (80-90%). Oxidized components are represented by epoxyaeyldiaeylglycerols 
(0.4- 0.8~). The compositions of the free fatty acids and those isolated from the triaeyl- and monoacylglyeer- 
ols are identical. A stereospecific analysis been made of the triaeylglycerols, and it has been shown that the 
first position is esterified predominantly by saturated fatty acids, as compared with the third position, and the 
second position is 95~c esterified by unsaturated fatty acids, as in the majority of plant triacylglyeerols. The 
sterospeeies composition of the triacylglycerols has been established - species with linolenic acid in the sec- 
ond and third positions predominate. 

LITERATURE CITED 

I. Great Soviet Encyclopedia, 3rd edn., Moscow (1977), Vol. 26, pp. 61 and 62. 
2. M.M. Morad, A. H. EI-Tamimi, A. H. Rady, and S. S. Ibrahim, Fette, Seifen, Anstrichem., 82, No. 9, 

122 (1980). 
3. A .U .  Umarov,  A. L. Markman, and N. T. Kisapova, Mas lo-Zhi r .  P roms t . ,  No. 5, 12 (1971). 
4. A. Rutowskii, H. Grynberg,  H. Szczepanska, and M. Beldowicz, Nahrung, _4, No. 12, 1115 (1960). 
5. M . H .  Bertoni ,  G. Kar rman  de Sutton, and P. Cattneo, J. Am. Oil Chem. See., 4__33, No. 1, 18A (1966). 
6. A . D .  Popov and I. D. Mitsev, Maslo-Zhi r .  P roms t . ,  No. 1, 35 (1965). 
7. Handbook on Methods of Investigation, Technical  and Chemical  Control,  and the Accounting of Product ion 

in the Otis and Fats  Industry [in Russ ian] ,  Leningrad,  Vol. 5 (1969), pp. 111, 154. 
8. N . T .  Ul'chenko, E. I. Gigienova, A. U. Umarov,  and A. Sh. Isamukhamedov, Khim. P r i r .  Soedin., 30 

(1981). 
9. N . T .  Ul'ehenko, E. I. Gigienova, A. U. Umarov,  and K. L. Seitanidi, Khim. P r i r .  Soedin., 699 (1978). 

10. N . T .  Ul'ehenko, E. I. Gigienova, U. A. Abdullaev, and A. U. Umarov,  Khim. P r i r .  Soedin., 612 (1979). 
11. W.W. Chris t ie  and J. H. Moore,  Bioehim. Biophys. Aeta, 176, 445 (1969). 

265 


