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Introduction
The cultivation of Lathyrus sativus is especially
intensive in India, Bangladesh and Ethiopia. This plant
is resistant to drought and low quality of soil. It is
cultivated commonly for the seeds, consumed mainly
by the humans. They are rich in protein, about 20-
32 % (4,7). However, the seeds of legumes such as
Lathyrus spp., contain a large number of
antinutritional substances, which hinder free
nutritional utilisation in monogastric animals (10) and
humans (1,8,9,16,20). The most frequently occurring
antinutritional substances in legumes are protease and
amylase inhibitors, lectins, tannins, saponines,
alkaloids, non-starch polysaccharides, vicine and
convicine, phytates and lathyrogens (13,17,19).
Lathyrogens can cause lathyrism in humans and
animals after over consumption of the seeds of certain
Lathyrus species (10). The disease has been reported to
occur in humans and animals in the form of
neurolathyrism, osteolathyrism and angiolathyrism (8).
Neurotoxins, present in the seeds of Lathyrus species,
can cause spastic paralysis of the legs in humans or
hind legs in animals, general weakness of the skeletal
muscles, together with increased stiffness. The disease
can lead slowly to death and sometimes even to
sudden death as a consequence of aorta rupture
(angiolathyrism) or to a chronic crippling syndrome.
Osteolathyrism is characterized by metabolic
disturbances in the synthesis of elastic components of
mesenchymal tissues and the skeletal system, causing
skeletal deformities that are connected with disorders
in the growth of cartilages and bones. Symptoms of
the effects of lathyrogens in the vascular system are
usually manifested by the disturbances in the elastic
fibre formation of the vascular wall together with
increased fibroblast proliferation and the formation of
irregularly arranged collagenous fibres. It results in a
lowering resistance of the vascular wall to stretching
and in the formation of aneurysms (6, 8,14).

From the seeds of Lathyrus species an acidic
neurotoxic amino acid was isolated and identified as
3-N-oxalyl-L-2, 3-diaminopropionic acid, described in
short as β-ODAP (beta-oxalyl-diamino-propionic
acid) or as BOAA (beta-oxalyl-amino-alanine)(1,3,12,16).
β-ODAP is implicated in human neurolathyrism that
causes neurological lesions by neuronal
superexcitation and eventual cytotoxicity of neurones.
Recently obtained results indicate the binding of β-
ODAP with glutamine receptors of neurons presenting
high affinity to them and with kainic receptors, to
which affinity of β-ODAP is low.

β-ODAP was isolated and described in 1964 (16). In the
seeds of Lathyrus sativus species other neurotoxic
amino acids have been identified such as:
homoarginine in seeds, homoserine and izoxazoline-
like substances and homoserine-like substances in
sprouts and all parts of the plant except the ripe seeds.
In some legumes, including Lathyrus species, α-
amino-adipinic acid has been detected, which has
proved to be highly toxic in comparison with β-ODAP
(8,17).

The role of other neurotoxic non proteinaceous
substances such as aminoacetonitrile, cyanamide, β-
mercaptomethylamine, 2-cyanopropylamine, N-
dimethylhydrazine, β-(γ-L-glutamyl)-
aminopropionitrile (BAPN), N-dimethylhydrazine,
glutamic acid hydrazide, aminoacetic hydrazide,
cyanoacetic acid hydrazide, p-nitrobenzoic acid
hydrazide, nicotinic acid hydrazide and benzoic acid
hydrazide are rarely taken into consideration (8).

Another group of antinutritional substances present in
the seeds of Lathyrus species are osteolathyrogens, of
which one of the most important is β-
aminopropionitrile (BAPN): H2N-CH2 – CH2-CN (not
present in L. sativus). The effects of osteolathyrogen
action are physical changes in collagen fibres, leading
to lowering of their elasticity with accompanying
specific leg deformities. The epiphyses cartilages are
enlarged, while endochondreal ossification does not
change. The long bones are deformed with exostoses
in the places of greatest muscle connections. These
muscles evoke high forces and tensions on the bones.
The chest is deformed and the spinal cord shows
kyphoscoliosis. The intervertebral discs present lower
density with a tendency to prolap to the spinal canal
and lead to classical symptoms of dyscopathy (8).

Although the structure and the mechanisms of action
and synthesis of β-ODAP have been clarified the
attempts to get hybrids which are free of β-ODAP and
the other toxins have so far failed. It has been found
that different batches of the seed contain different
concentration of β-ODAP and it can depend on the
size of seeds, region of cultivation and the time of
harvesting. It has been found that the seeds from the
Lathyrus cultivated in regions of temperate climatic
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conditions contained lower levels of lathyrogens than
that from subtropical and tropical area (8).

In some research centres work has been performed to
develop Lathyrus with low levels of antinutritional
substances or to introduce technological activities
aimed at elimination of these antinutritional
substances (9,18).

The aim of these investigations was to determine the
antinutritional factors in Lathyrus seeds grown in
Poland, and to investigate the influence of different
conditions (moisture, temperature) of the extrusion
process upon the content of these substances.

Material and Methods
The investigations were carried out on Lathyrus
sativus seeds, harvested in the region of central-east
Poland in 1997 and 1998, mainly Derek and Krab
varieties. The eighteen samples of seeds from different
places were analysed for the content of antinutritional
substances.

The seeds of Derek variety from one location were
used for extrusion experiments. They were ground in
the hammer grinder and sieved on sieves with 6 and 3
mm meshes. After 3 hours of drying at 105 ºC the
ground grains were wetted in a barrel mixer to 14, 18,
22, 26 or 30 % of water content and conditioned
further for 12 hours. The process of extrusion was
conducted in a double-coiled extruder, applying three
variants of temperature differentiation in the zones of
barrel (Table 1) with 130 ºC temperature of the header.

Table 1. Distribution of temperatures in the barrel
of extrusion-cooker

Barrel zone temperature (ºC)Variant of
temperatures I II III IV

A 90 100 120 100
B 120 140 170 160
C 140 180 220 200

In the raw and in the extruded seeds, as well, dry
matter and some of the antinutritional factors,
according to AOAC (2), were determined. The contents
of trypsin inhibitors were examined by the method of
Kakade et al. (11). The level of polyphenolic compound
(tannins) was estimated according to the method
described by Tyczkowska (21). The content of phytic
acid was analysed according to the modified method
of Oberlas (15). The content of neurotoxin (β-ODAP)
was determined by capillary zone electrophoresis
using Spectra Phoresis 1000 apparatus, according to
Arentoft and Greirson (3). The following conditions
were applied: glass capillary 70 cm x 35 µm, 200 mM
phosphate buffer of pH 8.6, and voltage 25 kV,
temperature 26.5 to 35 ºC and wave length 195 nm.

Results and Discussion
The average dry matter content in 18 samples of
Lathyrus seeds from central–east Poland, where this
plant is fairly common, was 856.4 g kg–1. An increase
of water content in ground seeds before extrusion
from 14% to 30% resulted in a significant decrease of
dry matter in the extruded seeds from 875.8 to
832.3 g kg-1 (Table 2). In connection with an increase
of temperature in the extrusion-cooker there was a
tendency to an increase in dry matter content of the
extruded seeds.

Table 2. Influence of seed moisture on dry matter and antinutritional factor contents when raw and following
extrusion-cooking (all concentrations on DM basis unless otherwise specified).

Dry matter
(g kg-1 FW)

Trypsin
inhibitors
(TIU mg-1)

Phytic
phosphorus

(g kg-1)

Tannins
(g kg-1)

ββ-ODAP
(mg kg-1)

Mean SD Mean SD Mean SD Mean SD Mean SD
Seeds before extrusion 856.4bc 3.9 19.64A 0.79 3.03 0.03 2.12a 0.3 948A 4.8

Seeds after extrusion:
Seed moisture (%water)
14 875.8 a 7.9 5.36B 0.35 3.06 0.05 1.92ab 0.3 694B 2.7
18 867.1ab 8.5 4.87B 0.43 3.03 0.05 1.91ab 0.3 661B 2.4
22 855.9b 7.7 3.65C 0.33 3.04 0.06 1.73ab 0.4 583Bc 2.3
26 836.1c 7.8 3.00D 0.24 3.02 0.05 1.33b 0.3 564B 3.1
30 832.3c 8.7 2.85D 0.22 2.99 0.05 1.31b 0.4 558Bc 2.7
a, b, c, d - P ≤ 0,05;           A, B, C, D - P ≤ 0.01
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The average activity of trypsin inhibitors in the natural
unprocessed seeds was 17.5 ± 5.73 TIU g-1 of DM.
Results obtained by other authors were: 15.17 TIA g
kg-1 of DM (1), from 18 to 44 TIU g-1 of DM (4); 155.2
TIU mg -1 of the sample (5) and 32.15 TIU mg-1 of the
sample for Lathyrus sativus cv Derek (20). The process
of extrusion significantly decreased activity of trypsin
inhibitors in the range of 62 – 85.1 % in comparison
with the activity of these inhibitors in the raw seeds
(Table 2). With the increase of water content in the
extruded material there was noted a decrease of
trypsin inhibitors activity from 4.69 TIU mg-1 at the
moisture of 14% to 2.37 TIU mg-1 at 30%
respectively. There was no influence of the different
temperature regimes used during extrusion on the
level of trypsin inhibitors in the ground seeds. It is
worthwhile to stress that a safe trypsin inhibitor
content (3 TIU mg-1) in the seeds of Lathyrus sativus
can be obtained by the extrusion process.

The phytate phosphorus content in the raw seeds of
Lathyrus sativus amounted to 3.14 g kg-1 of dry
matter. Similar results (3.25 g kg-1) have previously
been obtained (20) in the seeds of Lathyrus sativus cv
Derek. The process of extrusion did not influence the
content of phytate phosphorus in the seeds of Lathyrus
sativus in our observations (Tables 2 and 3).

The average content of tannins in the analysed seeds
was 2.41 g kg–1 and ranged from 1.6 to 3.2 g kg-1 of
the DM. A mean value of 2.7 g kg-1 in Lathyrus
sativus cv Derek has previously been observed (20), the
general level of the polyphenolic compounds has been
found to range from 317 to 365 mg kg-1, and the
condensed tannins to be 1.17 g kg-1 (5). The extrusion
processing in our investigations decreased the content
of tannins (Table 2 and 3). The lowest level of tannins
- lower by about 1/3 in comparison with raw seeds
was noted at the highest (30 %) moisture content of
seeds and at the highest temperature parameters
(140/180/220/2000C).

The level of β-ODAP in our 18 seed samples was
998 mg kg–1. In the literature the content of β-ODAP
in seeds of Lathyrus sativus evaluated by other authors
is quite variable. Aletor et al. (1) stated the amount of
4.85 ± 0.6 g kg–1 of the dry weight, Deshpande and
Campbell (5) - 2.95 with the range from 0.22 to
7.2 g kg–1, Castell et al. (4) - from 0.42 to 1.1 g kg-1,
Kuo et al. (12) - from 4.73 to 5.80 mg g-1, while Rotter
et al. (18) - 0.236 mg g-1 of seeds. Our results evidence
that the analysed seeds of Lathyrus sativus belong to
low toxic varieties in which the level of β-ODAP is
below 1000 mg kg-1 (4).

A decrease of β-ODAP content in the seeds during
extrusion process was noted. It depended on the
moisture of seeds (Table 2) and the distribution of
temperatures (Table 3). The content of this substance
decreased from about 95 g kg-1 DM in the material
before extrusion by 27 % with the lowest (14 %)
moisture of seeds and by 41 % with the 30 %
moisture. The effect of extrusion processing in this
matter also increased gradually with the increase of
temperature in the barrel. When the seeds were
processed in the lowest and in the highest temperature,
there was 32 and 38 % less β-ODAP, respectively.

Conclusions
1. The Lathyrus sativus seeds cultivated in central-

east Poland contain about 1000 mg kg–1 β-ODAP,
2.4 g kg–1 tannins, 3.1 g kg-1 phytate phosphorus
and 17.5 TUI g-1 of DM.

2. Extrusion processing of Lathyrus sativus seeds
significantly decreases the content of β-ODAP
and tannins and diminishes the activity of trypsin
inhibitors. The effect of this process increases
with the increase of moisture content in seeds
(from 14 to 30 %) before extrusion and with the
increase of temperature in the extruder barrel
from 90/100/120/100 °C to 140/180/220/200 °C.

Table 3. Influence of distribution of temperature in the barrel on dry matter and antinutritional factor
contents when raw and following extrusion-cooking (all concentrations on DM basis unless otherwise
specified).

Dry matter
(g kg-1 FW)

Trypsin
inhibitors
(TIU mg-1)

Phytic
phosphorus

(g kg-1)

Tannins
(g kg-1)

ββ-ODAP
(mg kg-1)

Mean SD Mean SD Mean SD Mean SD Mean SD
Seeds before extrusion 856.4b 3.9 19.64A 0.79 3.03 0.03 2.12a 0.3 948A 4.8

Seeds after extrusion:
Distribution of temperature
A: 90/100/120/100oC 847.8a 8.3 4.17B 0.29 3.03 0.05 1.71ab 0.4 646Bc 2.8
B: 120/140/170/160oC 853.2a 7.8 3.91B 0.28 3.04 0.05 1.63ab 0.3 603Bd 2.7
C: 140/180/220/200oC 859.2a 7.9 3.86B 0.31 3.08 0.06 1.42b 0.3 587Bd 2.1
a, b, c, d - P ≤ 0,05;           A, B - P ≤ 0.01



Lathyrus Lathyrism Newsletter 2 (2001)

104

References
1. Aletor VA, El-Moneim AA, Goodchild AV.

1994. Evaluation of the seeds of selected lines of
three Lathyrus sativus spp. for beta-N-
oxalylamino-L-alanine (BOAA), tannins, trypsin
inhibitor activity and certain in-vitro
characteristics. J Sci Food Agric 65, 143–151.

2. AOAC. 1984. Official Methods of Analysis.
Association of Official Analytical Chemists,
Arlington, VA.

3. Arentoft AMK, Greirson BN. 1995. Analysis of
3-(N-oxalyl)-L-2,3- diaminopropionic acid and its
alpha-isomer in grass pea (Lathyrus sativus) by
capillary zone electrophoresis. J Agric Food
Chem 43, 942-945.

4. Castell AG, Cliplef RL, Briggs CJ, Cambell CG,
Bruni JE. 1994. Evaluation of lathyrus (Lathyrus
sativus L.) as an ingredient in pig starter and
grower diets. Can J Anim Sci 74, 529-539.

5. Deshpande SS, Campbell CG. 1992. Genotype
variation in BOAA, condensed tannins, phenolics
and enzyme inhibitors of grass pea (Lathyrus
sativus). Can J Plant Sci 72, 1037-1047.

6. Getahun H, Mekonnen A, Tekle Haimanot R,
Lambein F. 1999. Epidemic of neurolathyrism in
Ethiopia. Lancet 354, 306-307.

7. Grela ER, Günther KD. 1995. Fatty acid
composition and tocopherol content of some
legume seeds. Anim Feed Sci Technol 52, 325-
331.

8. Grela ER, Studziñski T, Winiarska A. 2000.
Lathyrism in people and animals. Med Wet 56,
558-562.

9. Grela ER, Winiarska A. 1998. Influence of
different conditions of extrusion on the
antinutritional factors content in grass pea
(Lathyrus sativus L.) seeds. 3rd European
Conference on Grain Legumes. Valladolid, 14-19
Sept. 1998.

10. Hanbury CD, White CL, Mullan BP, Siddique
KHM. 2000. A review of the potential of
Lathyrus sativus L. and L. cicera L. grain for use
as animal feed. Anim Feed Sci Technol 87, 1-27.

11. Kakade MJ, Rackis IJ, McGheen JE, Puski G.
1974. Determination of trypsin inhibitor activity

of soy products: a collaborative analysis of an
improved procedure. Cereal Chem 51, 376-382.

12. Kuo Y-H, Bau HM, Quemener B, Khan JK,
Lambein F. 1995. Solid-state fermentation of
Lathyrus sativus seeds using Aspergillus oryzae
and Rhizopus oligosporus sp T-3 to eliminate the
neurotoxin beta-ODAP without loss of nutritional
value. J Sci Food Agric 69, 81-89.

13. Lambein F, Khan JK, Kuo Y-H, Campbell CG,
Briggs CJ. 1993. Toxins in the seedlings of some
varieties of grass pea (Lathyrus sativus). Natural
Toxins 1, 246-249.

14. Lambein F, Kuo Y-H, Chowdhury B, Ikegami F,
Briggs CJ. 1997. Is beta-ODAP the only cause for
human neurolathyrism? Conference: Molecular
Mechanisms of Toxicity. Osmania University, 1-
7.

15. Oberleas D. 1971. The determination of phytate
and inositol phosphates. Methods Biochem Anal
20, 87.

16. Rao SLN, Adiga PR, Sarma PS. 1964. The
isolation and characterisation of beta-N-oxalyl-L-
alpha, beta-diaminopropionic acid: A neurotoxin
from the seeds of Lathyrus sativus. Biochem 3,
432-436.

17. Riepe M, Spencer PS, Lambein F, Ludolph AC,
Allen CN. 1995. In vitro toxicological
investigation of isoxazoline amino acids of
Lathyrus sativus. Nat Toxins 11, 58-64.

18. Rotter RG, Marquardt RR, Low RK-C, Briggs CJ.
1990. Influence of autoclaving on the effects of
Lathyrus sativus feed to chicks. Can J Anim Sci
70, 739-741.

19. Sarma PS, Padmanaban G. 1969. Lathyrogens. In:
Liener IE (Ed.): Toxic constituents of plant
foodstuffs. Academic Press, New York and
London, 267-291.

20. Troszyñska A, Honke J, Milczak M, Koz³owska
H. 1993. Antinutritional substances in lentil (Lens
culinaris) and everlasting pea (Lathyrus sativus).
Pol J Food Nutr Sci 2, 49-54.

21. Tyczkowska K. 1977. Metoda oznaczenia kwasu
taninowego w sorgo. Biul Inf Przem Pasz 16, 40-
45.


