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Abstract

Samples of beach pea (Lathyrus maritimus L.) seeds and plant parts were analyzed for their chemical composition, total and free
amino acids as well as minerals. The crude protein content of plant parts was from 10.7±28.0%, soluble proteins from 190±709mg/
100 g, lipid from 1.3±6.0%, ash 2.2±6.8%, crude ®bre 10.7±35.5%, soluble sugars 0.1±12.2%, starch 0.8±26.5%, carbohydrate 55.8±

81.5% and phenolic compounds from 0.5±3.0%. The amino acid pro®le of proteins of seeds and other plant parts of beach pea
showed that they were de®cient in sulphur-containing amino acids. Tryptophan was another limiting amino acid in plant parts,
except in leaves (1.35 g/16 g N). The content of free amino acids was highest in branches plus stems (3148mg/100 g) and lowest in

pod shells (151mg/100 g). Beach pea plant parts were a good source of minerals such as K, P, Ca, Mg, Na, Fe, Al and Zn.# 1998
Elsevier Science Ltd. All rights reserved.

1. Introduction

Beach pea Lathyrus maritimus (L.) Bigel, is a legumi-
nous plant which grows along the sandy and gravel
shorelines of Newfoundland, Canada, and is also found
along the shorelines of Arctic and sub-Arctic regions
from Greenland to Siberia and Japan (Fernald, 1950;
Talbot and Talbot, 1994). The roots of the beach pea
plant are nodulated by the nitrogen-®xing soil bacter-
ium, Rhizobium under naturally growing conditions.
Besides being a sandbinder (Allen and Allen, 1981), due
to the horizontally growing underground stems and
roots, it is sometimes used as a fodder for cattle (Bal
and Barimah-Asare, 1992).
We have recently studied the gross chemical compo-

sition and proteins of beach pea. However, the nutri-
tional quality of beach pea seeds and other parts of
beach pea plant, as a source of food for humans and
animal feed, remains unknown. Utilization of the whole
plant as a green fodder, dry matter or ensiled may be
practised (Leconte, 1974; Andrieu et al., 1982). The
seeds have also been eaten by individuals where beach
pea grows. Dried and ground whole-crops of green peas

have been evaluated as feed for pigs (Lund et al., 1981;
Hakansson and Malmlof, 1984). Much work on green
pea (Pisum sativum) has been done regarding its suit-
ability as a livestock feed (Moran et al., 1968; Davidson,
1977; Henry and Bourdon, 1977; Askbrant and
Hakansson, 1984). In the present study, di�erent parts
of the beach pea plant have been examined for their
nutritional quality and suitability as a feed or food item.

2. Materials and methods

2.1. Materials

Beach pea seeds (pods), leaves and branches plus
stems were collected from Bellevue Beach in the pro-
vince of Newfoundland and Labrador, in September
and October of 1995 and 1996. The total fresh weight of
plant parts was recorded before samples were dried,
ground and stored for detailed chemical analyses.

2.2. Chemical analyses

Moisture, crude protein, lipid (hexane extract),
ash, crude ®bre and total carbohydrate contents (by
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di�erence) were determined by standard methods of
AOAC (1990). Total soluble sugars were extracted in
80% (v/v) ethanol according to the procedure of Cern-
ing and Guilhot (1973). Soluble sugars and reducing
sugars in the ethanolic extracts were estimated by Nel-
son Somogyi's modi®ed method (Nelson, 1944). The
amount of non-reducing sugars was calculated from the
di�erence between the contents of total soluble sugars
and reducing sugars. The same ethanolic extract was
used for the determination of soluble proteins according
to Lowry et al.'s method (Lowry et al., 1951). Residue
obtained after extraction of soluble sugars was used for
starch determination. Starch was extracted in 52% (v/v)
perchloric acid at room temperature. Quantitative
determination of starch was carried out according to the
colorimetric method of McCready et al. (1950). The
total phenolics of beach pea seeds and other plant parts
were isolated using the method of Shahidi and Naczk
(1989) which was employed for evaluating rapeseed
meals. One gram of sample was extracted at room tem-
perature, three times, with 10ml of a 70% (v/v) aqueous
acetone for 30min using a Polytron PT 3000 homo-
genizer (Brinkman Instruments, Rexdale, ON) for 1min
at 10 000 rpm. The slurry was centrifuged at 5000�g for
10min; the supernatants were collected, combined and
evaporated to dryness at 30�C under vacuum. The
extracted total phenolics were then dissolved in 25ml of
methanol, centrifuged again and the content of total
phenolics in methanol was determined colorimetrically
according to the method of Swain and Hillis (1959). To
0.5ml of a methanolic solution of phenolics, 0.5ml
Folin±Denis reagent, 1ml saturated solution of sodium
carbonate and 8ml water were added and mixed well.
Absorbance was read at 725 nm after 30min standing at
room temperature; trans-sinapic acid was used as a
standard in these experiments. The percent phenolics in
samples, expressed as trans-sinapic acid equivalents, on
a dry weight basis, was then calculated.

2.3. Amino acids

Total amino acids were determined as described by
Shahidi et al. (1992). Samples were freeze-dried and
then hydrolysed for 24 h at 110�C using 6M HCl
(Blackburn, 1978). The HCl was removed under
vacuum, and dried samples were reconstituted using a
lithium citrate bu�er at pH 2.2. The hydrolysed amino
acids were then determined using a Beckman 121 MB
amino acid analyzer (Beckman Instruments, Inc., Palo
Alto, CA). Tryptophan was determined separately by
hydrolysis of the sample under vacuum in 3M mercap-
toethanesulphonic acid at 110�C, as described by Penke
et al. (1974). Cysteine and methionine were determined
by performic acid oxidation of sample prior to hydro-
lysis in 6M HCl, and were measured as cysteic acid and
methionine sulphone, respectively (Blackburn, 1978).

For determination of free amino acids, 2 g of sample
were homogenized using a Polytron PT 3000 homo-
genizer (Brinkman Instruments) in a 50ml centrifuge
tube with 20ml of ice-cold 6% (v/v) perchloric acid for
2min in an ice bath. The homogenized samples were
then incubated in ice for 30min before centrifugation
(IEC Centra MP4 centrifuge, International Equipment
Co., Needham Heights, MA) at 2000�g for 15min. The
residue was then re-extracted with 20ml ice-cold per-
chloric acid and centrifuged, as described above. The
supernatants from the ®rst and second extraction were
combined and ®ltered through a Whatman No. 4 ®lter
paper. The pH of the ®ltrate was adjusted (Accumet pH
meter, model 810, Fisher Scienti®c Co., Fair Lawn, NJ)
to 7.0 using a 33% (w/v) KOH solution and then cen-
trifuged at 2000�g for 10min to remove precipitates of
potassium perchlorate. The supernatant was acidi®ed to
pH 2.2 with a 10M HCl and then diluted to 50ml with
distilled water. Two millilitres of the extract were trans-
ferred into a clean tube and 1.0ml of lithium citrate
bu�er (pH 2.2; Beckman Instruments, Inc., Palo Alto,
CA) was added to it. Samples were then analyzed on a
Beckman 121 MB amino acid analyzer using Benson d-
X 8.25 resin and a single column employing the three-
bu�er lithium method as per Beckman 121 MB-TB017
application notes. Results were calculated and reported
as mg free amino acids/100 g sample.

2.4. Determination of mineral constituents

Dried and ground samples (1 to 2 g) were subjected to
dry ashing in well cleaned porcelain crucibles at 550�C
in a mu�e furnace (Blue M Electric Company, Blue
Island, IL). The resultant ash was dissolved in 5ml of
HNO3/HCl/H2O (1:2:3, v/v/v) and heated gently on a
hot plate until brown fumes disappeared. To the
remaining material in each crucible, 5ml of deionized
water were added and heated until a colourless solution
was obtained. The mineral solution in each crucible was
transferred into a 100ml volumetric ¯ask following ®l-
tration through a Whatman No. 42 ®lter paper and the
volume was made to the mark with deionized water.
This solution was used for elemental analysis by atomic
absorption spectrophotometry. The concentration of
elements (Ca, Na, K, Mg, Mn, Zn, Fe, Cu, Li, Al, and
Si) in each solution, prepared as described above, was
determined using a Perkin Elmer 8650 atomic absorp-
tion spectrophotometer (Perkin±Elmer Co., Montreal,
PQ). Calibration curves of absorbance values versus
concentration of each element at appropriate con-
centrations (to obey Beer's±Lambert Law) were con-
structed using their respective standards of 1000�g
litreÿ1 (Fisher Scienti®c, Unionville, ON). A 10 cm-long
cell was used and concentration of each element in the
sample was calculated as mg/100 g of dry matter. Phos-
phorus content of the digest was determined color-
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imetrically according to the method described by
Nahapetian and Bassiri (1975). To 0.5ml of the diluted
digest, 4ml of demineralized water, 3ml of 0.75M
H2SO4, 0.4ml of 10% (w/v) (NH4)6Mo7O24.4H2O and
0.4ml of 2% (w/v) ascorbic acid were added and mixed.
The solution was allowed to stand for 20min and
absorbance readings were recorded at 660 nm. The con-
tent of phosphorus in the extracts was determined using
a standard curve obtained for KH2PO4 and expressed as
mg phosphorus per 100 g of sample.

2.5. Statistical analysis

All determinations were replicated three times or
more and mean values and standard deviations repor-
ted. Analyses of variance (ANOVA) were performed
and di�erences in mean values were determined using
Tukey's studentized test at p<0.05 and employing
ANOVA and Tukey procedures of statistical analytical
systems (SAS, 1990).

3. Results and discussion

Chemical compositions of mature seeds, leaves,
branches plus stems and mature pod shells are shown in
Table 1. Seed constituents were dominated by crude
protein (28.0%) and starch (26.5%) while generally
lower amounts of them were present in the leaves (23.5
and 0.8%), branches plus stems (14.6 and 1.4%) and
mature pod shells (10.7 and 2.2%). Singh and Jambu-
nathan (1980) and Earle and Jones (1982) reported
that there was a wide variation in seed protein con-
tent of all cultivated species of legumes and their pro-
tein content ranged from 14.9 to 45.0%. The mature
pod shells contained higher amounts of carbohydrate
(81.5%) and crude ®bre (35.5%) than other plant parts.

The total content of phenolics was 3.0% in leaves, 1.4%
in seeds, 0.6% in pod shells and 0.5% in branches plus
stems. In addition, green plant parts served as a good
source of minerals and soluble sugars (Table 1). The ash
content of seeds (3.1%) was similar to those reported
for other legumes (Platt, 1980; Apata andOloghobo, 1994).
Consideration of the overall chemical composition of

leaves, branches plus stems and mature pod shells
reveals that beach pea is a good source of nutrients for
animal feed, as a fodder, or ensiled forage. These results
are similar to those for green pea plant parts (Trevino et
al., 1987). The protein, ash, crude ®bre and phenolics
contents of beach pea were slightly higher than those
reported for other legumes (Moran et al., 1968; Wills et
al., 1984, 1987; Kumar et al., 1991).
The amino acid compositions of seeds, leaves, bran-

ches plus stems and pod shells are given in Table 2. The
contents of lysine (7.4 g/16 g N), arginine (8.0 g/16 g N)
and glutamic acid (16.6 g/16 g N) in dried beach pea
seeds were higher than other parts of the plant. The
contents of these amino acids are fairly similar to those
of faba bean (Hsu et al., 1980; Khalil and Mansour,
1995), ®eld pea (Acikgoz et al., 1985), mungbean
(Abdus Sattar et al., 1989), pigeon pea (Singh et al.,
1990), ¯axseed (Wanasundara and Shahidi, 1994), and
Nigerian legume seeds, namely bambara groundnut,
kidney bean, lima bean, pigeon pea and jack bean
(Apata and Ologhobo, 1994). The amounts of methio-
nine and cysteine in leaves and mature pod shells were
higher than reference values given by FAO/WHO
(1973). Tryptophan content was higher in leaves (1.4 g/
16 g N) than the FAO/WHO/UNU (1985) reference
value, but lower in all other parts of the plant. Total
essential amino acids were higher in branches plus stems
(45.8 g/16 g N) and lower in mature pod shells (39.8 g/
16 g N). The non-essential amino acids were abundant
in seeds (54.9 g/16g N), but less prevalant in mature pod

Table 1

Chemical composition of di�erent plant parts of beach peaa

Constituent (%) Seedsb Leaves Branches and stems Mature pod shells

Moisture (wet weight basis) 11.8�0.27c 77.1�1.74a 76.6�1.56a 22.0�0.84b

Protein 28.0�1.37a 23.5�0.07b 14.6�0.15c 10.7�0.18d

Soluble proteins 290�3.30c 373�1.58b 709�3.02a 190�1.59d

Lipid (hexane extractable) 1.3�0.14c 6.0�0.01a 2.3�0.21b 1.4�0.03c

Ash 3.1�0.03c 6.8�0.06a 5.1�0.10b 2.2�0.09d

Crude ®bre 10.7�0.16c 27.3�0.67b 34.5�0.15a 35.5�0.48a

Carbohydratesc 55.8�0.78d 57.3�0.11c 70.2�0.18b 81.5�0.17a

Soluble sugars 2.8�0.04c 4.0�0.49b 12.2�0.14a 0.1�0.01d

Reducing sugars (mg/100g) 165�0.02c 1071�1.12b 5471�2.80a 39.1�0.01d

Non-reducing sugars 2.6�0.04b 3.0�0.49b 6.8�0.35a 0.0�0.01c

Starch 26.5�0.46a 0.8�0.07c 1.4�0.04c 2.2�0.06b

Phenolics 1.4�0.01b 3.0�0.02a 0.5�0.07c 0.6�0.01c

a Results are mean values of triplicate determinations, � standard deviation and are expressed on a dry weight basis, unless otherwise speci®ed.

Means followed by di�erent superscripts in each row are signi®cantly (p<0.05) di�erent from one another.
b Values are for mature seeds.
c By di�erence.
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shells (43.6 g/16 g N). The high content of leucine,
lysine, arginine and glutamic acid in beach pea seeds
supports the results of other investigators for other
legume seeds (Evans and Bendemer, 1967; Meredith and
Thomas, 1982; Khalil and Mansour, 1995; Mohan and
Janardhanan, 1995).

Free amino acids of di�erent parts of beach pea plant
are presented in Table 3. Seeds contained mainly argi-
nine (128.6mg/100 g), but its amount was less in bran-
ches plus stems (76.0mg/100 g), leaves (23.9mg/100 g)
and mature pod shells (12.4mg/100 g). Leaves and
branches plus stems had higher amounts of asparagine,

Table 3

Free amino acid composition of di�erent plant parts of beach peaa

Free amino acid Seedsb Leaves Branches and stems Mature pod shells

Alanine 20.7�0.54c 110.3�1.20a 91.9�2.95b 4.7�0.12d

Arginine 129�1.24a 23.9�0.15c 76.0�1.63b 12.4�0.28d

Asparagine 109�7.23c 991�2.37b 1765�7.70a 24.6�0.33d

Aspartic acid 32.7�2.20bc 32.3�2.22c 43.1�1.75a 4.2�0.17d

Cysteine 16.5�1.95b 31.4�1.41a 33.6�1.82a 2.9�0.57c

Glutamic acid 11.8�4.67d 45.2�1.24a 28.6�2.00c 31.9�0.32bc

Glutamine 1.8�0.76d 98.0�2.98a 67.0�2.15b 21.6�0.23c

Glycine 12.9�0.59a 7.6�0.04b 6.0�0.53c 1.5�0.23d

Histidine 10.6�0.75c 88.4�2.90a 64.4�2.15b 2.8�0.03d

Hydroxyproline 1.8�0.34a ND 0.7�0.05bc 0.7�0.05c

Isoleucine 7.5�0.41b 44.3�0.51a 45.3�1.01a 0.9�0.09c

Leucine 10.2�1.05c 45.3�0.29a 32.3�0.33b 1.1�0.16d

Lysine 20.2�0.27b 26.9�0.42a 18.4�0.07c 4.3�0.16d

Methionine 27.9�1.82a 12.4�0.23b 8.5�0.19c 2.8�0.51d

Phenylalanine 4.1�0.21c 139�1.76a 47.4�1.09b 0.6�0.00d

Proline 42.2�1.33c 683�1.86a 344�1.53b 23.0�0.27d

Serine 16.0�0.10c 86.5�2.82b 279�7.91a 4.5�0.25d

Tyrosine 5.1�0.10c 41.6�0.22a 11.1�0.10b 0.4�0.03d

Threonine 10.5�0.55c 111.1�2.45a 101.1�4.34b 3.1�0.04d

Tryptophan 7.1�0.41b 69.9�1.36a 3.9�0.03c 0.7�0.48d

Valine 6.4�0.04c 120.6�1.19a 80.2�1.24b 2.0�0.53d

Total 503.9 2809.3 3147.9 150.7

a Results are mean of triplicate determinations, on a dry weight basis, � standard deviation and expressed as mg/100 g. Means followed by

di�erent superscripts in each row are signi®cantly (p<0.05) di�erent from one another. ND, not detected.
b Values are for mature seeds.

Table 2

Total amino acid composition of di�erent plant parts of beach peaa

Amino acid Seedsb Leaves Branches and stems Mature pod shells

Alanine 4.3�0.13c 5.5�0.09a 5.5�0.20a 4.4�0.05bc

Arginine 8.0�0.19a 4.7�0.18cd 5.1�0.22bc 4.5�0.10d

Aspartic acid+Asparagine 13.0�0.13b 15.1�0.74a 3.8�0.16d 10.3�0.21c

Cysteine 1.7�0.04b 1.5�0.02d 1.5�0.06cd 1.8�0.02a

Glutamic acid+Glutamine 16.6�0.31a 9.7�0.17bc 9.5�0.38cd 8.8�0.09d

Glycine 4.1�0.12b 4.7�0.09a 5.0�0.18a 4.8�0.03a

Histidine 2.6�0.01bcd 2.4�0.02d 3.6�0.12a 2.5�0.01cd

Isoleucine 4.0�0.01bc 4.2�0.14ab 4.4�0.26a 3.7�0.02c

Leucine 7.5�0.16a 7.6�0.16a 6.6�0.30bc 6.2�0.01c

Lysine 7.4�0.15a 6.4�0.10a 7.0�0.33a 8.2�1.72a

Methionine 1.1�0.03cd 1.6�0.03a 1.3�0.08b 1.1�0.02d

Phenylalanine 4.6�0.10bc 5.3�0.13a 4.6�0.29c 3.7�0.01d

Proline 4.0�0.14d 7.0�0.15b 8.5�0.09a 5.0�0.20c

Serine 5.0�0.14d 5.4�0.06c 8.6�0.31a 5.8�0.02bc

Threonine 4.2�0.10d 4.9�0.06b 5.7�0.08a 4.2�0.02cd

Tryptophan 0.3�0.02d 1.4�0.02a 0.6�0.02b 0.4�0.01c

Tyrosine 3.3�0.05bc 3.9�0.35a 4.4�0.30a 3.2�0.05c

Valine 4.7�0.01d 5.5�0.21b 6.2�0.38a 4.9�0.01cd

a Results are mean of triplicate determinations, on a dry weight basis, � standard deviation and expressed as g/16 gN. Means followed by dif-

ferent superscripts in each row are signi®cantly (p<0.05) di�erent from one another.
b Values are for mature seeds.
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proline, valine, serine, alanine, glutamine and histidine
than the seeds and mature pod shells.
The mineral contents of dry seeds and di�erent plant

parts of beach pea are shown in Table 4. Potassium (K)
was the most abundant macroelement present, ranging
from 627mg/100 g in mature pod shells to 451mg/100 g
in seeds, followed by calcium (Ca) which was present
from 1630mg/100 g in leaves to 139mg/100 g in seeds.
The content of phosphorus (P) in seeds (434mg/100 g)
and magnesium (Mg) in leaves (393mg/100 g) were
highest as compared to other plant parts. Sodium (Na)
content was highest in branches plus stems (355mg/
100 g) and lowest (113mg/100 g) in seeds. Khalil and
Mansour (1995) reported that faba beans contained
297mg/100 g sodium. However, sodium content in
beach pea seeds and other parts of plant was higher
than that for other legumes (from 11.5 to 40.1mg/
100 g), as reported by Salunkhe et al. (1985). Among
microelements, manganese was present at 5.7±34.2 and
iron at 1.7±8.8mg/100 g in mature pod shells, branches
plus stems and seeds. The highest level of aluminium
(Al) was present in branches plus stems (26.0mg/100 g)
and lowest in seeds (3.1mg/100 g). Silicon (Si) was
absent in seeds but was present in highest amount in
branches plus stems (75.6mg/100 g). Seeds contained 3.1
and 0.9mg/100 g zinc (Zn) and copper (Cu), respec-
tively. Thus, all parts of beach pea plant may serve as a
valuable source of essential minerals for human and
animal nutrition. Results of minerals for beach pea are
comparable with those of tropical legumes such as the
African locust bean, groundnut (Oyenuga, 1968),
lathyrus and medicago (Varnaite, 1984), ®eld pea
(Acikgoz et al., 1985), cowpea (Jagadi et al., 1987),
chickpea, green pea, pigeonpea, cowpea and Lathyrus
beans (Salunkhe and Kadam, 1989), bambara ground-
nut, kidney bean, lima bean, jack bean and pigeon pea

(Apata and Ologhobo, 1994), as well as other Mexican
and North American beans (Meiners et al., 1976; Platt,
1980; D'mello et al., 1985; Zacharie and Ronald, 1993;
Barrado et al., 1994). However, the lower sodium content
of beach pea as compared to other leguminous seeds
might be an added advantage due to the direct rela-
tionship of sodium intake with hypertension in humans
(Dahl, 1972).
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