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Abstract

Nitrogen and protein contents in higher aquatic plants deriving from a na-
tural habitat were determined. The following plants were examined: Spiro-
dela polyrrhiza (L.) Schleid., Elodea canadensis Rich., Riccia fluitans L. Total
nitrogen and nitrogen of respective fractions were determined by the Kjel-
dahl method. Nitrogen compounds were fractionated according to Thimann
et al. Protein was extracted after Fletcher and Osborne and fractio-
nated after Osborne.

It was found, that total protein content in the plants under examination
constitutes 18 to 25% of dry matter. Albumins and glutelins are the most
abundant protein fractions.

INTRODUCTION

Unconventional sources of cheap protein feed have been sought for
for many years (Bytniewska 1975). Aquatic plants not yet exploited
can constitute an abundant protein reservoir (Popow 1964; Tamiya
1966; Hedén 1969; Boyd 1970, 1973; Maciejewska-Potap-
czy ket al. 1970, 1975). These plants are characterized by fast growth and
intensive biomass production. They can be easily cultured under both na-
tural and controlled laboratory conditions. Analysis of aquatic plants shows
a high content of readily soluble protein in them. This problem has not
been adequately considered in our inland investigations Mowszowicz
1971) in spite of the need of their undertaking.

This research is concerned with nitrogen and protein contents in so-
me aquatic plant species and preliminary analysis of protein isolated from
them.

MATERIAL AND METHODS
The following aquatic plants deriving from a natural habitat were stu-

died: Spirodela polyrrhiza (L.) Schleid. (Rostafinski, Seidl 1962;
Kandeler 1973) was collected from a pond in Rogi near %o6dz. This
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plant has a short vegetation period and for this reason it was cultured in
the laboratory under unsterile conditions. Elodea canadensis Rich. (Ros -
tafinski, Seidl 1962) was collected each time from the Bobrowka
river near the Okret pond in Skierniewice voivodeship. Riccia fluitans (L.)
(Rejment-Grochowska 1966, 1971) was obtained from an aqua-
rium culture of the Zoological Garden in f.6dz.

Unsterile culture of Spirodela polyrrhiza:

Spirodela was cultured in 2-liter glass crystallizers containing 1.5 1 of
a nutrient solution, Pirson and Seidel s (1950) solution 4-times di-
luted in my own modification consisting in the elimination of MnCl; - HO
and H3BOj3 and introduction of Hoagland A — Z solution. The composition
of diluted Pirson and Seidel solution was as follows: KH;PO4 50 mg, KNO;
100 mg, CaCly- 6 HoO 153 mg, MgSO,+ 7 H2O 75 mg, ferric citrate 12.5 mg.
with 1 ml of A — Z solution and 0.6 ml of Na;EDTA solution (18 mg) ad-
ded. The whole was made up with distilled water to a 1 liter volume. pH
was adjusted to 6.5 with NaOH. Day light was provided simultaneously
with mercury lamps (3 X 400 Watt) for 15 hours. At 3—7 days intervals
the plants were transfered to a freshly prepared solution.

Analytical methods:

Total nitrogen was determined by the Kjeldahl method in 300 mg sam-
ples of fresh material. Nitrogen-containing compounds were fractionated
by the method of Thimann et al. (1957, 1960) which consists in the ex-
traction of respective fractions with trichloroacetic acid (TCA) at various
temperatures. Nitrogen content in these fractions was determined as abe-
ve. Total protein was prepared after Fletcher and Osborne (1965)
and determined by the Lowry et al. method (1951). Crystalline bovine
serum albumin (Serva Entwicklungslabor Heidelberg) was used. Apart
from that total protein was calculated on the basis of nitrogen content in
the fraction obtained by the Thimann et al. method (1957, 1960) (N X
X 6.25). Application of the 6.25 coefficient makes possible only approxi-
mate estimation of protein content in plant material (Boyd 1970; Boy d
and Goodyear 1971; Betschart and Kinsella 1973). Total pro-
tein was fractionated after Osborne. Samples of fresh plant material (10 g)
were homogenized and decolorized with ether. Albumins and globulins
were extracted with 100 ml of 1 M NaCl in 0.05 M phosphate buffer pH
7.3 and dialysed against distilled water. The globulins precipitated during
dialysis were dissolved in 0,2 M NaCl in 0.05 M phosphate buffer pH 7.3.
Glutelins were extracted with 0.15% NaOH solution, prolamins — with
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70% ethanol. The remaining protein was extracted with 1 M NaOH in
a koiling water bath for 10 minutes. The protein content in the respec-
tive fractions was determined by the Low ry et al. method (1951).

All analyses were repeated at least 4—5 times. Mean value of the re-
sults and standard deviation of the mean are shown in the tables.

RESULTS

The determinations of nitrogen and protein contents in aquatic plants
were preceded by estimation of the per cent of dry matter. Elodea cana-
densis is characterized by the highest level of dry matter namely 10.14%/+
1+0.14, Spirodela polyrrhiza 6.93%0+0.07, and Riccia fluitans 6.65%0+0.09.
Spirodela, Elodea and Riccia contain respectively: 5.8110.08, 4.76+0.18,
5.19+0.13 mg of total nitrogen in 100 mg of dry matter (Table 1). The
fraction most abundant in N protein fraction int he all the plants under
examination is prepared according to Thim ann et al. (1957, 1960). This
fraction comprises on the average: in Spirodela 4.1210.05 mg N in 100 mg
of dry matter, in Elodea 2.98£0.10, in Riccia 2.87+0.07. The acid-soluble
fraction contains in Spirodela 0.98 +0.03 mg N. The nucleic acids fraction
in Spirodelah as 0.74£0.02 mg N in 100 mg of dry matter.

Table 1

Total nitrogen and nitrogen in respective fractions obtained by the method of Thimann et al.
| 1 S mg N/100 mg dry matter R
| | | . |
! Material | N acids soluble N m_'jlelc | N protein
| total N fraction acz.s fraction
| fraction
|— S

Spirodela
| polyrrhiza | 5.81-+:0.08 0.98-+0.03 0.74--0.02 4.1240.05
| Elodea
‘ canadensis 4.76-+-0.18 1.28-4-0.05 0.46-+-0.02 2.98-+0.10
! Riccia S
| fluitans 5194013 1624006 |  0.36:£0.04 2.87:4:0.07

Among the plants under examination Spirodela polyrrhiza is charac-
terized by the highest protein content (Table 2). It was found that this
plant contains on the average 24.4+0.47 mg of protein in 100 mg of dry
matter as determined by the Lo wr y et al. method. This value, however,
calculated on the basis of nitrogen content in the protein fraction is 25.8 %
+0.29 mg. Depending on the method applied, Elodea canadensis contains
19.1£0.75 mg or 18.6£0.60 mg, Riccia fluitans 19.8+0.46 mg or 17.9+0.43
mg in 100 mg of dry matter.



168 K. Bytniewska

Table 2

Total protein content determined on the basis of nitrogen in protein fraction or by the
Lowry method

1‘ protein Nx6.25 | Lowry et al. method
| 100 mg . 100 mg
Material | T =
fresh | dry i fresh | dry
| matter | matter matter matter
| |
Spirodela |
polyrrhiza 1.784+-0.03 25.80+0.29 1.694-0.03 { 24.394+0.47
Elodea | .
canadensis 1.88 4-0.06 18.64-0.60 | 1.944+-0.07 | 19.144-0.75
Riccia . i | i
fuitans 1.194-0.04 17944043 1.314-0.03 i 19.794-0.46

Protein fractionation by the Osborne method has shown that albumins
and glutelins are the most abundant protein mass in all the plants taken
into consideration (Table 3). Probably albumins contain almost the whole
readily soluble protein of vegetative plant parts. Albumin contents in the
plants examined fluctuate within the limits 3.76+0.12 to 10.34+0.03 mg
in 100 mg of dry matter. The highest level of these proteins was found in
Spirodela. An average content of glutelins in all plant species examined
is: 6.38+0.32 to 7.9510.26 mg. Globulin and prolamin contents are low.

Table 3
Protein content in respective protein fractions determined by the Lowry method

| /100 mg dry matier —
Material ‘ ‘: _ “maini
| albumins | globulins ': glutelins | prolamins rcmam‘mg
| | | protein |
: ——
Spirodela {10.34+003 | 0.824+0.03 | 6.38+0.32 @ 0.60--0.04 | 4.9040.10
polyrrhiza I ;I [ | |
Elodea 376012 | 0955008 | 795026 | 0.26:006 | 6.40+0.09
canadensis [ [
Riccia 5.11+0.19 1.01+0.04 7.4740.15 0.41-+-0.04 , 3.864+0.12
[fluitans !

DISCUSSION

The choice of material for this study was made after many considera-
tions. This material was differentiated morphologically and anatomically,
and therefore not uniformly susceptible to homogenization. A considerable
growth intensity, a speedy biomass multiplication and a wide-spread pre-
valence of these plants in nature are their common features. The protein
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level in them was examined by the Lowry et al. method and on the basis
of nitrogen content in the protein fraction. Nitrogen of the protein fraction
obtained according Thimann et al. (1957, 1960) constitutes 56—70% of
total nitrogen in the plants under examination. Kolousek and Coul-
son (1955) have shown that protein N includes 75—85%0 of the total leaf
nitrogen. The remaining 15—25% are contained in free amino acids, nuc-
leotides, amides and nitrates. Singh (1964) reported that fresh alfalfa
leaves contain 75%0 of protein N. According to Boyd (1970), 80—90% of
N in plants are bound in the form of protein.

The data in the literature concerning the total protein content in
aquatic plants are not complete. Maciejewska-Potapczyk et al
(1970) found that Lemna minor L. cultured under laboratory conditions
contains 16°/0 of protein. Boyd (1970) determined protein content in 11
species of higher aquatic plants, among them only Typha latifolia contain-
ed small amounts of protein (nearly 4%). The highest protein content was
found by this author in Nuphar advena (21.6%). Protein content in the
remaining species ranged within 10.5—17.1%. Some freshwater algae spe-
cies contain a higher protein content than aquatic macrophytes. Boyd
(1973) reports that such algae as: Chara, Nitella, Spirogyra contain 10-—
20%0 of protein, but blue algae: Anabaena, Microcystis, Aphanizomenon and
also phytoplankter Euglena have 42—46%o of protein. The red algae (Por-
phyra) cultured in Japan for consumption purposes contain nearly 30—
5090 of protein (Tamiya 1966). Chlorella can contain from 42% (P o-
pow 1964) to nearly 50% of protein (Tamiya 1966). Abundant protein
quantities were found in the leaves of fodder plants. Klyszejko-Ste-
fanowicz et al. (1972) established that leaves of several clover species
contain 19.2—20.0% of protein. Maciejewska-Potapczyk et al
(1973) found 11.9—15.2% of protein in the leaves of 5 clover varieties cul-
tivated in Poland. Ponikiewska (1973) demonstrated high quantities
of protein in the leaves of winter vetch (23.9—26.6%). Altschul (1965)
reports that protein can constitute 10—41% of dry matter in the leaves.
The aquatic plants examined in this study have as high protein content
as the leaves of some fodder plants.

A comparison of protein level in the aquatic plants under examination
witht that in conventional foods is very interesting. Spirodela, Elodea and
Riccia contain more (in relation to dry matter) total protein than cereal
grains. They are surpassed in this respect only by some legume species,
particularly soybean. This comparison is summarized in Figure 1.

The use of Osborne method for fractionation of proteins isolated from
other plant material than seeds gave satisfactory results. Albumins and
glutelins are the most abundant protein group in plants under examina-
tion. Fractionating Lemna minor L. proteins Maciejewska-Potap-
czyk et al. (1970) found that this plant is characterized by the highest
albumins content. Analogous investigations performed in order to charac-
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terize leaf proteins in 5 clover varieties led to the isolation of glutelins
in amounts exceeding albumin content (Maciejewska-Potapczyk
et al. 1973). Trace quantities of prolamins were found in both clover lea-
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Fig. 1. Total protein content in aquatic plants under examination and in other
common plant species

1 — Spirodela polyrrhiza, 2 — Elodea canadensis, 3 — Riceia fluitans, 4, 5 — Nuphar advena,

aquatic plants (Boyd 1970), 6, 7 — green algae, blue-green algae (Boyd 1973), 8 — Chlorella

(Tamiya 1966), 9 — clover (Ktyszejko-Stefanowicz et al 1972), 10 — vetch (Poni-

kiewska 1973), 11, 12, 13 — cereals, beans, peas (Johnson, Lay 1974), 14 — soybean
(Altschul 1965)

ves and aquatic plants (apart from Lemna minor L.). The content of
protein fractions extracted from vegetative plant organs is different from
that in cereal grains and legume seeds (Dgbrowska Kagczkow-
ski 1971; Whitehouse 1973; Kakade 1974; Johnson and Lay
1974).

High total protein and the most readily soluble proteins (albumins)
contents point to the aquatic plants under examination as a valuable
source of fodder protein and also an interesting material for theoretical
studies.

The author is greatly indebted to Professor dr W. Potapczyk for many
valuable discussions and suggestions.
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Zawarto$¢ azotu i bialka w kilku gatunkach rolin wodnych

Streszczenie

Material badan stanowily wyzsze roéliny wodne pochodzgce ze $rodowiska natu-
ralnego: Spirodela polyrrhiza (L.) Schleid., Elodea canadensis Rich., Riccia fluitans
.. Badano zawartoi¢ azotu i bialka calkowitego oraz frakcjonowanego. Azot ozna-
czano mikrometoda Kjeldahla. Wymienione roéliny posiadaja $rednio: 5,81%0,08,
4,76+0,18, 5197013 mg N calkowitego w 100 mg suchej masy. Zwigzki zawierajace
uzot frakejonowano zgodnie z metoda Thimanna i wsp. Najbogatsza w azot jest
{rakeja bialkowa. Bialko calkowite ekstrahowano metodg Fletchera i Osborne’s,
a oznaczano metoda Lowry’ego. Spirodela, Elodea oraz Riccia zawieraja $rednio.
24,39:0,47, 19,14%0,75, 19,79 +0,46 mg bialka w 100 mg suchej masy. Ponadto za-
wartosé bialka obliczono takze na podstawie zawartosci azotu we frakcji bialko-
wej. Albuminy i gluteliny stanowig mnajobfitsze frakcje bialkowe ekstrahowane
metoda Osborne’a. Globuliny i prolaminy znajduja sig¢ w mniejszych ilosciach.

Badane ro$liny posiadaja podobna zawartosé bialka jak np. koniczyna i wyka,
wiece] biatka niz ziarniaki zb6Z, natomiast mniej niz nasiona roslin motylkowych.
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