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A cetone extracts from the seeds of Pisum sativum L. sensu lato (Legum inoseae) separated 

by thin layer chrom atography revealed the occurrence of bands with chrom atographic m obil­
ity and color reaction with Fast Blue B characteristic for l,3-dihydroxy-5-alkylbenzenes. 
These polyketide m etabolites have been isolated and identified by spectroscopic means. The 
occurrence of homologous series of saturated  (approxim ately 70% ) and enoic (m ono and 
diunsaturated) homologs with chain length of C15 to C25 has been revealed with C17 as the 
main homolog.

Introduction

The Leguminosae (Papilionaceae, Fabaceae) is 
a large family of utilitarian dicotyledoneous plant 
family that are characterized by large seeds. M ost 
of leguminaceous species are annual plants culti­
vated for seeds and as a green feeding stuff for 
animals or as ornam entals, either as houseplants 
or glasshouse subjects. The seeds are utilized in 
hum an nutrition as the source of high quality of 
protein, in animal breeding as well as in food in­
dustry. Besides high protein content (up to 45% 
of a dry mass) leguminaceous seeds contain nu­
m erous antinutricious com ponents together with 
tannins, alkaloids, phytin and phenolic com ­
pounds. Am ong phenolic com pounds, a noniso- 
prenoic long-chain phenols and dihydroxy phenols 
(resorcinolic lipids), have been dem onstrated  and 
identified in some leguminaceous plants (Ononis 
sp.) by B arrero and co-workers (B arrero  et al., 
1989; B arrero et al., 1994a; B arrero et al., 1994b; 
Barrero et al., 1997; B arrero et al., 1991; B arrero 
et al., 1990). In this report the occurrence of hom ol­
ogous series of 5-«-alk(en)ylresorcinols (Fig. 1) in 
other, perhaps m ore significant from hum an nu tri­
tion point of view, group of legum inaceous plants, 
namely Pisum sativum L. sensu lato is dem on­
strated.
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Fig. 1. G eneral form ula of alkylresorcinols (resorcinolic 
lipids).

Materials and Methods

Seeds from respective varieties were obtained 
from authorized Plant Breeding stations distribut­
ing qualified m aterial stated in the legend of Ta­
ble I. S tandard mixture of 5-n-alkylresorcinol ho­
mologs was isolated chrom atographically from rye 
(D ankow skie Z lote variety) according to the p ro ­
cedure described elsewhere (Kozubek, 1985).

Isolation o f  alkylresorcinolic fraction

The fraction of the m aterial containing alkylre­
sorcinols was isolated from whole dry seeds ( 1  kg) 
by 24 hr extraction with acetone using the volume 
of the solvent sufficient to soak the m aterial com ­
pletely. The extracts were filtered through filter 
paper to rem ove any solid particulates and the 
solvent was rem oved by vacuum evaporation on 
rotavapor. The oily residue was dissolved in 0.2 ml 
of chloroform  and applied on 1.5 x 15 cm glass 
open-air colum n filled with silica gel 60 (J. T. 
B aker B. V., D eventer, H olland) equilibrated with 
chloroform . Separation was carried out first with
2  vol. of chloroform  than with chloroform:ethyl ac­
e tate (85:15, v/v) until alkylresorcinols were 
eluted. The eluate has been collected in 2 ml frac-
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tions and analyzed by thin-layer chrom atography. 
Fractions containing alkylresorcinols have been 
com bined, the solvents were rem oved, the resi­
dues were dissolved in 1  ml of chloroform  and 
used for further experiments.

Thin-layer separations

N orm al-phase thin-layer chrom atographic sepa­
rations have been done on analytical and p repara­
tive layers on glass plates ( 2 0  x 2 0  cm and 1 0  x 1 0  

cm) covered with silica gel Si 60 (M erck 5745). 
The analytical chrom atogram s were developed in 
chloroform iethyl acetate (85:15, v/v) whereas p re ­
parative runs were done with n-hexane:ethyl eth- 
er:formic acid (70:30:1, v/v/v). A fter separation 
and evaporation of the solvents a 1 cm wide strips 
of the gel on both sides of the plate were sprayed 
with aqueous 0.05% Fast Blue B x BF4  (Chema- 
pol, Prague, Czech Republic). A lkylresorcinols 
have been identified by their characteristic red-vi­
olet color and Rf value (Kozubek and Tyman, 
1995; M ejbaum -Katzenellenbogen et al., 1978). 
Parts of the gel containing com pounds of interest 
have been scrapped off the plates and the m ateri­
als have been extracted with chloroform :ethyl ace­
ta te  (85:15, v/v) for 30 min. A fter filtration and re ­
moval of the solvent the residue was dissolved in 
0.3 ml of chloroform  and used for further analyses. 
To check for the presence of non-alkylresorcinolic 
contam inating compounds, the m aterial was chro­
m atographed on silica gel and stained with io­
dine vapors.

Analyses o f  the hom olog composition

To determ ine composition of the homologs ac­
cording to the length of the side-chain the re- 
versed-phase thin-layer chrom atography on 
M erck 5914 RP18 H PTLC plates (Kozubek, 1985) 
and norm al-phase chrom atography on aluminum 
oxide (Tluscik and Kozubek, 1984) (M erck 
5581)were used. For analysis of the presence and 
com position of homologs according to the unsatu­
ration of the side-chain the argentation chrom a­
tography on silica gel was used (Kaczm arek and 
Tluscik, 1984).

The microcolorimetric m ethod (Tluscik et al., 
1981) was used for quantitative determ ination of 
alkylresorcinols in the material. Q uantitative d e­

term inations were m ade at least in triplicate and 
the results were analyzed statistically.

Instrumental analyses

UV spectra of ethanolic solutions were taken in 
Cary IE  spectrophotom eter (Varian), IR  spectra 
of the samples in K Br tablets were taken in Per- 
kin-E lm er System 2000 FT-IR spectrophotom eter 
(at the Faculty of Chemistry, University of 
W roclaw) and the data were com pared with those 
of 5-n-pentadecylresorcinol (The Aldrich Library 
of Infrared Spectra, A ldrich, Poznan, Poland) and 
alkylresorcinol hom ologs (Kozubek and Tyman, 
1995; Tyman, 1979; Tyman, 1991; Tyman, 1996). 
Mass spectral analyses were perform ed at The In­
strum ental Analyses Laboratory at the Faculty of 
Chemistry, A dam  Mickiewicz University, Poznan, 
Poland. Spectra were obtained by ESI MS (Finni- 
gan M at PSQ 700) and GC/MS on Hew lett Pack­
ard 5890 Series II gas chrom atograph coupled with 
E l mass spectrom eter (A M D  Intectra) and com ­
pared with the spectra obtained for pure 5-«-pen- 
tadecylresorcinol and literature data (Kozubek 
and Tyman, 1995; Vincieri et al., 1981).

Thin-layer chrom atography plates were from 
M erck, D arm stadt, Germany, solvents and re­
maining reagents of the highest available purity 
were from PO Ch, Gliwice, Poland.

Results and Discussion

A cetone extract from  dry m ature pea (Pisum  
sativum  L.) seeds separated  by TLC on silica gel 
showed presence of the band exhibiting character­
istic to l,3-dihydroxy-5-alk(en)ylbenzene deriva­
tives (alkylresorcinols) color reaction (Kozubek 
and Tyman, 1995) with aqueous Fast Blue B. In the 
first approach the identification of the presence 
of alkylresorcinolic com pounds was done by TLC 
analysis of the sam ples com igration with authentic 
alkylresorcinols biosynthetically labeled with 1 4C. 
Analyzed band showed identical chrom atographic 
mobility in various systems tested to that of alkylr­
esorcinols. Further, the band was isolated by p re­
parative TLC on silica gel and com pounds were 
eluted from  scrapped off gel with chloroform- 
m ethanol and concentrated  in vacuo. Isolated 
m aterial showed U V  spectrum  characteristic to al­
kylresorcinols with two close peaks at 278 nm and 
282 nm characteristic to authentic 1,3-dihydroxy-
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5-alkylbenzenes isolated from Anacardium  occi­
dentals L. (Cashew). The IR spectrum  showed the 
presence of characteristic for alkylresorcinolic 
molecules bands and was in agreem ent to the 
spectrum  of reference 5-n-pentadecylresorcinol 
and IR-library data. Final identification of the 
com position of alkylresorcinols in studied m aterial 
was done by GC-MS analysis. The E l spectra 
showed occurrence of characteristic for alkylresor­
cinols base ionic peaks. The peak at m /z  124 is 
due to the rearrangem ent occurred via four- or six- 
m em bered transition complex of a hydrogen atom  
of the side chain, while m /z  at 123 is due to the 
dihydroxytropylium ion form ed by direct ß-fission. 
The 124/123 abundance ion ratio is about 5 to 1, in 
agreem ent to the m eta position of alkylresorcinols

(Tyman, 1991; Tyman. 1996; Vincieri et al., 1981). 
The occurrence of several parent m olecular ions 
with the m /z  masses from 292 to 460 confirms 
presence of homologs with the side chain length 
from C15 to C25. The same homologs were iden­
tified by reversed-phase TLC analysis of the iso­
lated from  the plates alkylresorcinolc band. For 
example, the percentage composition of homologs 
in alkylresorcinols isolated from the Opal variety 
was as follows: C 1 5 -9 ± 4 ; C 17-15± 3 ; C 19-31± 4 ; 
C 2 1 -2 1 ± 2 ; C 2 3 -1 5 ± 3  and C 2 5 -9 ± 3 . Thin-layer 
chrom atographic analysis on silver ions-impreg- 
nated silica gel revealed occurrence mainly of ho­
mologs with saturated  side chain and smaller 
am ounts of m onoenoic and dienoic congeners. The 
relative percentage of saturated, m onoenoic and

Table I. A lkylresorcinols in seeds, pericarps and cotyledones of Pisum sativum  L. varieties.
The source of varieties is shown as superscript num ber: 1 -  H odow la Roslin Szydlak Sp. z o.o., Szydlak; 2 -  Stacja 
Hodowli Roslin W iatrowo, Wagrowiec; 3 -  G ospodarstw o Hodowli Roslin Kosieczyn, Zbaszynek; 4 -  Zaklad 
Doswiadczalny H odowli i Aklimatyzacji Roslin Przebedow o, M urow ana Goslina; 5 -  Stacja Hodowli Roslin Wier- 
zenica, Kobylnica; 6  -  Stacja Hodowli Roslin M archwacz, Rajsko; 7 -  Instytut Hodowli i Aklimatyzacji Roslin 
Radzikow, Blonie. The rem aining m aterial was obtained from A gricultural A cadem y Wroclaw.
* -  A ccording to the List of Cultivable Plant Varieties published yearly by C entral L aboratory for Studies of 
Cultivable Plants (C O B O R U ), Slupia Wlk., Poland.

Class Variety

name

C O B O R U  
registry code 
of cultivable

plants* whole seeds

Alkylresorcinols ([.ig/g ± 

pericarps

SE)

cotyledons

1 coloured,
fodder

SZC 19381 SZC 1938 0.33 ± 0.04 26.50 ± 1.86 0.72 ± 0.05

2 Turkan 1 SZC 789 0.25 ± 0.03 21.90 ± 2.09 0.71 ± 0.06
3 K orm oran 1 SZC 584 0.39 ± 0.03 22.10 ± 1.55 0.32 ± 0.03
4 Perkoz 1 SZC 6 8 6 0.28 ± 0.05 13.98 ± 2.52 0.63 ± 0.11
5 SZC 19301 SZC 1930 0.19 ± 0.03 16.04 ± 2.09 0.36 ± 0.05
6 Fidelia2 - 0.13 ± 0.01 7.86 ± 0.86 0.45 ± 0.05
7 B art3 KOB 491 0.19 ± 0.02 5.12 ± 0.61 0.46 ± 0.06
8 Idol2 W TD  2493 0.15 ± 0.02 4.15 ± 0.58 0.43 ± 0.06
9 SZC 14951 SZC 1495 0 . 1 0  ± 0 . 0 2 6.04 ± 0.54 0.16 ± 0 . 0 2

1 0 G rapis2 - 0.09 ± 0.01 3.40 ± 1.73 0.20 ± 0.03
1 1 H elia 6 RW T 2814 0.13 ± 0.02 2.35 ± 0.21 0.34 ± 0.03
1 2 Pegro 5 W TD  583 0.09 ± 0.01 2.08 ± 0.37 0.24 ± 0.04
13 V atra2 W TD  288 0.07 ± 0.01 1.67 ± 0.23 0.24 ± 0.03
14 D avo 2 W TD  2293 0.08 ± 0 . 0 1 1.41 ± 0.16 0 . 2 0  ± 0 . 0 2

15 SZC 1394 SZC 1394 0.09 ± 0.01 2.65 ± 0.32 0.17 ± 0.02
16 KOB 6923 KOB 692 0.06 ± 0 . 0 1 2.24 ± 0.38 0 . 1 0  ± 0 . 0 2

17 white, fodder KOB 7943 KOB 794 0.04 ± 0.01 1.06 ± 0 . 1 1 0 . 1 2  ± 0 . 0 1

18 Mige4 PR H  179 0.06 ± 0 . 0 1 1 . 0 1  ± 0 . 1 2 0 . 1 2  ± 0 . 0 1

19 K am a 3 KOB 385 0.04 ± 0.01 1.02 ± 0.13 0.15 ± 0.02
2 0 A lbatros 1 SZC 990 0 . 0 2  ± 0 . 0 1 0.45 ± 0.03 0.06 ± 0 . 0 1

2 1 white edible O pal RW T 4025 0.15 ± 0.02 2.37 ± 0.28 0.29 ± 0.03
2 2 M azurek 1 SZC 1293 0 . 1 2  ± 0 . 0 1 3.18 ± 0.48 0 . 1 0  ± 0 . 0 1

23 M iko 7 PR H  583 0.07 ± 0.01 2.18 ± 0.28 0.14 ± 0.02
24 Rubin SO D  986 0.05 ± 0.01 3.12 ± 0.27 0.27 ± 0.02
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dienoic homologs in Opal variety was 79 + 5, 11 ± 6  

and 10 ±2, respectively. The data are in agreement 
with reports of Barrero et al. (Barrero et al., 1989; 
Barrero et al., 1994a; Barrero et al., 1994b; Barrero 
et al., 1997; Barrero et al., 1991) who demonstrated 
occurrence of alkylresorcinol derivatives in the ge­
nus Ononis.

Further, the content and the composition of al­
kylresorcinols in 24 varieties of Pisum sativum  L. 
present in Poland, have been analyzed. Data pre­
sented in Table I indicate practical absence of al­
kylresorcinols in cotyledons and that their content 
is up to several folds higher in pericarps of colored 
fodder varieties. These results are in good 
agreement to the data of Tluscik, who demon­
strated that in rye grains alkylresorcinols are ex­
clusively localized in the pericarp (Tluscik, 1978). 
This finding supports the thesis of the protective 
role of alkylresorcinol-type phenols in grain biol­
ogy (Suzuki et al., 1996). In most of studied plants, 
contrary to most of the known sources, the occur­
rence of a wide range of homologs was demon­
strated. The occurrence of a particular homolog is 
dependent on the genetic variety of studied plant 
material. The relative abundance of alkylresorci­
nol homologs estimated by reversed-phase 
HPTLC analyses is presented in Table II. After 
analysis of the composition of the homologs in all 
of the studied material the statistic abundance of 
alkylresorcinol homologs has been calculated. The 
most prominent homologs according to their oc­
currence and relative amounts were C19 and C21, 
24% and 26%, respectively. Other homologs (C13, 
C15, C17, C23, C25 and C27) were less frequently 
present, and their statistical abundance ranged 
from 1 - 2 %, for short- and very long-chain ones 
to 12-17%  for intermediate length homologs.

The results indicate that resorcinolic lipids (al­
kylresorcinols and their derivatives) that initially

Table II. Alkylresorcinol homologs in varieties of Pisum 
sativum L.
Number of crosses indicates relative amount of particu­
lar homolog.

Variety H om olog

C 13 C 15 C 17 C 19 C 21 C 23 C 25 C 27

1 SZC 1938 + + ++ ++ +++
2 Turkan + + ++
3 K orm oran + ++ +++ ++ +
4 Perkoz + + + ++ +++
5 SZC  1930 + + ++
6 Fidelia + ++ +++ ++ + +
7 B art + + +++ ++ + +
8 Idol ++ ++ +++ +++ ++ + +
9 SZC  1495 + ++ +++ ++ + +

1 0 G rapis + ++ +++ ++ + + +
1 1 H elia + + ++ +++ ++ +
1 2 Pegro ++ ++ ++ +++ + +
13 Vatra + + +++ ++
14 D awo +++ ++ +
15 SZC  1394 ++ +++ + +
16 KOB 692 ++ + +
17 KOB 794 ++ + +
18 Mige + + + +++ ++ ++
19 Kam a + ++ +++ ++ + +
2 0 A lbatros +++ + + +
2 1 O pal + ++ +++ ++ ++ +
2 2 M azurek +++ ++ ++ ++ + +
23 M iko + ++ +++ ++ + +
24 Rubin + +++ +++ ++ +

were shown in only a few plant families (see e.g. 
(Kozubek and Tyman, 1998; Tyman, 1991)) might 
be, in fact, more abundant among plant kingdom. 
Their presence in seeds used in both human and 
animal nutrition together with already described 
biological activities support the necessity of fur­
ther studies that may explain in more details their 
possible biological and biomedical role.
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