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The antioxidant properties of extracts from seeds of 
white bean, pea, lentil, everlasting pea, faba bean, and 
broad bean were investigated by enhanced chemilumi
nescence (ECL) and photochemiluminescence (PCL) 
methods. All extracts exhibited antioxidative activity. 
The antioxidative efficacy of the extracts investigated 
varied markedly and did not dependent upon their 
content of phenolic compounds. Results of TLC analysis 
of the extracts indicated that the antioxidant activity 
originated from several phenolic compounds, partly sim
ilar in their polarity.

Introduction
Few publications deal with the antioxidant prop

erties of phenolic com pounds of legumes. A strong 
antioxidant activity was found in the hydrophilic 
phenolic extract of pea bean (Phaseolus vulgaris), 
while the hydrophobic fraction showed only a 
weak activity (Tsuda et al., 1993). In storage 
studies of soy and sunflower oils, navy bean 
(Phaseolus vulgaris) hull extracts proved to be a 
b e tter antioxidant than a m ixture of butylated hy- 
droxyanisole-butylated hydroxytoluene (BHA- 
BH T) when used at a similar concentration (Ony- 
eneho and H ettiarachchy, 1991). The results of a ß- 
carotene-linoleate test indicated that the extracts 
from  pea, faba bean, lentil, everlasting pea, and 
broad bean seeds have similar antioxidative activ
ity, w hereas the extract from white ban seeds is 
clearly less active (Am arowicz et al., 1996a).
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A ntitioxidant p roperties were noted for the 
phenolic fractions separated  on a Sephadex LH- 
20 column from  extracts of everlasting pea, faba 
bean and broad bean (Am arowicz et al., 1996b). 
A ntioxidative activities of quercetin and kaem pf
erol as well as their glucuronides and rutinosides, 
characterized as the main flavonoids of yellow and 
green beans (Phaseolus vulgaris), were evaluated 
by an enhanced chem ilum inescence (EC L) tech
nique (R aab et al., 1996). Hydrophile oxygen radi
cal scavengers in legum inous seeds were investi
gated by an ESR  spin traping m ethod (Yoshiki 
etal., 1996).

The aim of present study was to exam ine and to 
com pare the effectivenees of legum inous extracts 
as natural antioxidants by chem ilum inescence 
methods, as a first step for their evaluation in their 
potential use in lipid containg foods as a substitute 
for synthetic antioxidants.

Materials and Methods

M aterials investigated were seeds of Polish culti- 
vars of white bean (Phaseolus vulgaris), pea (Pi- 
sum sativus), lentil (Lens culinarus), everlasting 
pea (Lathyrus latifolius), faba bean (Vicia faba m i
nor) and broad bean ( Vicia faba maior). Seeds 
were obtained from  the Institute of Plant Genetics 
and Breeding of A gricultural U niversity in Lublin.

Extraction of phenolic com pounds was con
ducted in the following way (Am arowicz et al.,
1995): to a 1000 ml dark glass bottle, 35 g of 
ground seeds were weighed and suspended in 
300 ml of 80% (v/v) acetone. The tightly capped 
bottle was placed in w ater bath  at 80 °C. A fter
15 min, during which the content wase shaken 
twice, the extract was cooled and filtered under 
partial vacuum. The m aterial left on the filter was 
re-extracted with 300 ml of the fresh solvent. This 
activity was triplicated. Following evaporation of 
the acetone in a rotary evaporator at 45 °C, the 
rem aing w ater solutions were lyophilized and dry 
extracts were weighed.

A ntioxidant activities of the lyophilized extracts 
obtained were exam ined by enhanced chem ilum i
nescence (EC L) and photochem ilum inescence 
(PCL) methods.
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The EC L m ethod of W hitehead et al. (1992) was 
em ployed using a LS-50B Lum inescence spec
trom eter (Perkin E lm er) in the bioluminescence 
mode. Briefly, the cuvette containinga m ixture of 
1.6 ml of deionised water, 0.2 ml of signal reagent 
(buffer, luminol, p-indophenol, sodium perbo
rate -  A m ersham  Buchler, Braunschweig, G er
many) and 0.2 ml of horseradish peroxidase 
(H R P) conjugate (m ouse IgR H R P-linked whole 
antibody from sheep -  A m ersham  Buchler) dilu
tion was placed into the spectrom eter. The solu
tion was stired and time drive started immediately. 
A fter stabilization of the light emission (about 
1 min), 0.04 ml of the antioxidant standard  solu
tion (Trolox -  6-hydroxy-2,5,7,8,-tetramethylchro- 
man-2-carboxylic acid; A ldrich) or the aqueous so
lution of lyophilizates were added. Time elapsed 
until 10% recovery of the initial light output be
fore addition of the antioxidant was m easured and 
used for calculation of the antioxidative activities 
as trolox equivalents.

The PCL m ethod based on photo-induced 
chemiluminescence of luminol was carried out 
using a photolum inom eter “Photochem ” (FAT 
G m bH , Berlin, G erm any) as well as the substance 
KITS ACW and ACL (FAT G m bH ) for water- or 
lipid-soluble antioxidants, respectively, according 
to aqueous (Popow and Lewin, 1994) and m etha- 
nolic (Popow and Lewin, 1996) systems. The PCL 
assay mixture for m easuring of water-soluble anti
oxidants consisted of 1.5 ml of deionised water,
1 ml of buffer, 0.025 ml photosensitizer, and
0.01 ml of ascorbic acid standard solution or and 
aqueous solution of extracts, those for lipid-solu- 
ble substances of 2.4 ml m ethanol, 0.1 m lof buffer,
0.05 ml photosensitizer, and 0.01 ml of calibration 
standard (Trolox) or m ethanolic solution of ex
tracts. The presence of water-soluble antioxidants 
led to a tem porary inhibition of PCL. The result
ing lag-phase was used to calculate the antioxida
tive activity in com parison with the known 
am ounts of ascorbic acid. The presence of lipid- 
soluble antioxidants in the m ethanolic system re 
sulted in a decrease of the integral of PCL in ten
sity. The percentage of inhibition was used as a 
param eter for quantification, expressed as Trolox 
equivalents.

In all experim ents, samples were analysed in 
triplicated and m ean value ± standard  deviation 
were recorded.

UV spectra of extracts were recorded on a 
Beclkman D U  7500 diode array spectrophotom e
ter. Extracts were also exam ined by TLC  using sil
ica gel plates (M erck) with chloroform -m ethanol- 
w ater (65:35:10, v/v/v, lower phase) as the develop
ing system (Amarowicz et al., 1995b). To visualize 
phenolic compounds, plate was sprayed with a so
lution of ferric chloride (Reio, 1958). C om pounds 
posessing antioxidant activity were visualised by 
spraying the plate with a solution of ß-carotene 
and linoleic acid (Philip, 1974).

The content of total phenolics in extracts was 
determ ined using the FO LIN -D EN IS reagent 
(Naczk and Shahidi, 1989); catechin was used as a 
standard in this work.

Results and Discussion

Using 80% (v/v) acetone, similar am ounts of ex
tracts were recovered from legum inous seeds 
(Table I). The lägest am ounts of extract obtained 
was noted for lentil (8.76 g / 100 g dry weight) and 
the lowest for white bean (6.95 g / 100 g dry 
weight). The content of total phenolics com pounds 
in the extracts from investigatede seeds was diver
sified. The hoghest content was found in the ex
tract from lentil seeds, while the lowest from  ever
lasting pea and white bean.

Table I. The content of extracts in leguminous seeds (g / 
100 g dry weight) and the content of total phenolics in 
the extracts (g / 100 g).

Leguminous seeds Extract Total phenolics

White bean 6.95 1.08
Pea 7.25 3.48
Lentil 8.76 6.01
Everlasting pea 8.02 0.97
Faba bean 8.12 8.09
Broad bean 7.15 6.01

All extracts of leguminous seeds investigated by 
the luminescence m ethods described above exhib
ited antioxidative properties. Results of antioxi
dant activity of leguminous seed extracts eval
uated by the ECL m ethod and expressed in 
proportion to the mass of the extract varied widely 
(Table II). Highest activities were observed for the 
extracts of lentil and faba bean, while the lowest 
activity was found for white bean. Results recal
culated according to the content of total phenolics
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Table II. Antioxidant activity of leguminous seeds ex
tracts evaluated by the ECL method.

Leguminous seeds nmol Trolox*/ 
mg extract

nmol Trolox/ 
mg total phenolics

White bean 13 ± 1 1213 ± 93
Pea 74 ± 7 2112 ± 200
Lentil 202 ± 19 1772 ± 167
Everlasting pea 18 ± 1 1825 ± 101
Faba bean 170 ± 16 2101 ± 198
Broad bean 34 ± 3 561 ± 49

* Trolox -  6-hydroxy-2,5,7,8-tetramethylchroman-2-car- 
boxylic acid.

com pounds present in the lyophilized extracts in
vestigated are characterized by a narrow er range. 
Similar results were observed for extracts of pea, 
lentil, everlasting pea and faba bean. Activity for 
water-soluble antioxidants, data higher than 
200 nmol / mg extract were observed for broad 
bean, lentil and faba bean (Table III). W eaker 
activities were noted for pea and everlasting pea. 
The extract from white bean had only a weak effi
cacy. The activity of water-soluble antioxidants cal
culated in proportion to the total phenolic com 
pounds present in the extracts investigated showed 
the following trend: faba bean > broad bean > ev
erlasting pea ~  lentil > pea > white bean. The 
strongest antioxidant properties, due to lipid-solu
ble antioxidants determ ined by the PCL m ethod, 
were from extracts of lentil and pea, while less ac
tivity was noted for extracts of everlasting pea and 
faba bean. M oreover extracts from broad bean 
and white bean showed only an activity equivalent

to 31 nm Trolox / mg extract. Activities of lipid- 
soluble antioxidants presented  in proportion to 
the total phenolic com pounds were highest for pea 
and everlasting pea, followed by lentil, white bean 
and faba bean. The lowest activity was noted for 
broad bean.

Phenolics extracted from  leguminous seeds were 
mixtures of unknown com position but possessed 
their U V  spectra exibited maxima ranging from 
262 (everlasting pea) to 276 nm (faba bean and 
broad bean). Several phenolic com pounds were 
visualized on the TLC plate and chrom atogram s 
obtained w ere similar to one another. For all ex
tracts, the positions of spots from antioxidant 
active com pounds on TLC  plate were similar for 
developing system used.

Based on the results obtained, the antioxidant 
activity of legum inous extracts appears to be gen
erated by a great num ber of phenolic com pounds 
and does not depend directly of their total content 
in the seeds. The main phenolic com pounds of le
gumes are glycosides of quercetin, kaem pferol, 
and myricetin (Tom as-Lorente et al., 1990; Hem- 
pel and Bohm , 1996), isoflavonoids (A desanya et 
al., 1985), isoflavonoid phytoalexins (O ’Neill, 
1983; R obeson, 1983), catechins (Amarowicz et al., 
1995; B artolom e et al., 1994), and anthocyanins 
(Tsuda et al., 1994). M ost of these com pounds pos
sess antioxidative efficiacy (Negre-Salvare and 
Salvare, 1992; A ruom a, 1993; A ruom a et al., 1994; 
Sanz et al., 1994; Tsuda et al., 19994; Amarowicz 
and Shahidi, 1995; R ice-Evants et al., 1995; Raab 
et al., 1996).

Table III. Antioxidant activity of leguminous seeds extracts evaluated by the PCL method.

Leguminous seeds nmol ascorbic 
acid / mg extract

nmol ascorbic acid / 
mg total phenolics

nmol Trolox / 
mg extact

nmol Trolox / mg 
total phenolics

White bean 9 ± 1 833 ± 92 31 ± 2 2833 ± 183
Pea 66 ± 4 1897 ± 115 261 ± 13 7500 ± 373
Lentil 331 ± 15 2904 ± 132 452 ± 22 3965 ± 193
Everlasting pea 31 ± 2 3196 ± 206 62 ± 3 6392 ± 309
Faba bean 480 ± 29 5933 ± 358 96 ± 5 1187 ± 62
Broad bean 238 ± 12 3960 ± 200 31 ± 1 516 ± 17



712 Notes

Adesanya S. A., O'Neil and Roberts M. F. (1985), Isofla
vonoids from Phaseolus coccineus. Phytochemistry 24. 
2699-2702.

Amarowicz R., Wanasundara P. K. J. and Shahidi F.
(1994), Chromatographie separation of flaxseed phe
nolics. Nahrung 38, 520-526.

Amarowicz R., Piskula M., Honke J., Rudnicka B., Tros- 
zynska A. and Kozlowska H. (1995), Extraction of 
phenolic compounds from lentil (Lens culinaris) with 
various solvents. Pol. J. Food Nutr. Sei. 4/45. No 3, 
53-56.

Amarowicz R. and Shahidi F. (1995), Antioxidant activ
ity of green tea catechins in a ß-carotene-linoleate 
model system. J. Food Lipids 2, 47-56.

Amarowicz R., Troszynska A., Karamac M. and Kozlow
ska H. (1996a), Antioxidative properties of legume 
seed extracts. In: Agri-Food Quality. An Interdisci
plinary Approach (G. R. Fenwick, C. Hedley, R. L. 
Richards and S. Khokhar, eds.), The Royal Society of 
Chemistry, Cammbridge, pp. 376-379.

Amarowicz R., Karamac M., Kmita-Glazewska H., Tros
zynska A. and Kozlowska H. (1996b), Antioxidant ac
tivity of phenolic fractions of everlasting pea, faba 
bean and broad bean. J. Food Lipids 3, 199-211.

Bartolome B., Hernandez T., Estrella I. (1994), Procya- 
nidins in in lentils. Changes product by different treat
ments. In: Polyphenols ‘94. 17th International Confer
ence on Polyphenols (R. Brouillard, M. Jay and A. 
Scalbert, eds.), Palma de Mallorca (Spain), pp. 267- 
268.

Hempel J. and Bohm H. (1996), Quality and quantity of 
prevailing flavonoid glycosides of yellow and green 
French beans (Phaseolus vulgaris L.). J. Agric. Food 
Chem. 44. 2114-2116.

Naczk M. and Shahidi F. (1989), The effect of methanol- 
ammonia-water treatment on the content of phenolic 
acids of canola. Food Chem. 31, 159-164.

Negre-Salvare A. and Salvare R. (1992), Quercetin pres
ents the cytotoxicity of oxidized LDL on lymphoid 
cells. Free Rad. Biol. Med. 12, 101-106.

O ’Neil M. J., Adesanya S. A., Roberts M. F. and Pantry 
I. P (1986), Aureol and phaseol, two new coumestans 
from Phaseouls aureus Roxb. Z. Naturforsch. 38c. 
698-700.

Onyeneho S. N. and Hettiarachchy (1991), Effect of 
navy bean hull extract on the oxidative stability of soy 
and sunflower oils. J. Agric. Food Chem. 39, 1701 — 
1704.

Philip F. (1974), An investigation of the antioxidants in a 
texture vegetable protein product for soy flour. Ph.D. 
thesis. Purdue University, Lafayette, IN.

Popov I. N. and Lewin G. (1994), Photochemilumines- 
cent detection of antiradical activity: II.

Testing of nonenzymic water-soluble antioxidants. 
Free Rad. Biol. Med. 17, 267-271.

Popov I. N. and Lewin G. (1994), Photochemilumines- 
cent detection of an antiradical activity. IV. Testing 
of lipid-soluble antioxidants. Biochem. Biophys. Meth. 
31, 1-8 .

Raab B.. Hempel J., and Bohm H. (1996), Antioxidative 
and antigenotoxic properties of flavonoids prevaling 
in vegetable. In: Agri-Food Quality An Interdisciplin
ary Approach (G. R. Fenwick, C. Hedley, R. L. Rich
ards and S. Khokhar, eds.), The Royal Society of 
Chemistry, Cambridge, pp. 369-371.

Reio L. (1958), A method for the the paper-chromato
graphic identificantion of phenol derivatives, mould 
metabolites and related compounds of biochemical in
terest, using “Reference system”. J. Chromatogr. 1, 
338-378.

Rice-Evans C. A., Miller N. J., Bolwell P. G., Bramley 
P. M. and Pridham J. B. (1995), The relative antioxida
tive activities of plant-derived polyphenol flavonoids. 
Free Rad. Res. 22, 375-383.

Robeson D. J. (1983), The phytoalexin responce of La- 
tyrus sativus (grass pea). Z. Naturforsch. 38c, 334- 
336.

Sanz M. J., Ferrandiz M. L., Cejudo M., Terencio M. C., 
Gil B., Bustos G., Ubeda A., Gunasegara R. and Alc- 
araz M. J. (1994), Influence of a series of natural fla
vonoids on free radical generating systems and oxida
tive stress. Xenobiotica 24, 689-699.

Tomas-Lorenz F., Garcia-Grau M. M. and Tomas-Bar- 
beran F. A. (1990), Flavonoids from Vicia faba seeds 
exudates. Z. Naturforsch. 45c, 1070-1072.

Tsuda T., Osawa T., Nakayama T., Kawakoshi S. and Oh- 
shima K. (1993), Antioxidant activity of pea bean 
(Phaseolus vulgaris L.) extract. J. Am. Oil Chem. Soc. 
70. 910-913.

Tsuda T., Ohshima K., Kawakishi S. and Osawa T.
(1994), Antioxidative pigments isolated from the 
seeds of Phaseolus vulgaris L. J. Agric. Food Chem. 
42, 248-251.

Whitehead T. P., Thorpe G. H. G., Maxwell S. R. J.
(1992), An enhanced chemiluminescent assay for anti
oxidant capacity in biological fluids. Anal. Chim. Acta
266, 265-277.

Yoshiki Y., Sirakura T., Okuda K.. Okubo K., Sakabe T., 
Nagoya I. and Tamura N. (1996), Hydrophilic oxygen 
radical scavengers in the leguminous seeds and de
rived foods. In: Agri-Food Quality. An Interdisciplin
ary Approach (G. R. Fenwick, C. Hedley, R. L. Rich
ards and S. Khokhar, eds.), The Royal Society of 
Chemistry, Cambridge, pp. 360-365.

Nachdruck -  auch auszugsweise -  nur mit schriftlicher Genehmigung des Verlages gestattet 
Satz und Druck: Allgäuer Zeitungsverlag GmbH. Kempten


