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Abstract: The proximate composition and the amino acid profile analyses of the rhizome of Nymphaea lotus (water lily)
were carried out based on standard methods reported by the association of official Analytical Chemists (AOAC). The results of
the proximate analysis showed that Nymphaea lotus rhizome had moisture content of 48.83±3.22; crude protein 4.23±0.06;
crude fibre 5.00±1.50; ash content 4.67±0.17; high available carbohydrate 35.44 ± 0.01 and energy value 742.10 kJ/100 g. The
crude lipid content was low 1.83±0.60. The study detected seventeen different amino acids. The amino acid content in g/100 g
protein content was: lysine = 3.11, histidine= 1.82, arginine= 4.25, aspartic acid = 7.60, threonine= 2.19, serine= 3.02, glutamic
acid= 9.68, proline= 2.34, glycine= 3.06, alanine= 3.40, cycteine= 0.73, valine= 3.37, methionine= 1.09, isoleucine= 2.35,
leucine= 8.24, tyrosine= 2.25 and phenylalnine= 3.72. The studied revealed that glutamic acid, aromatic acids, leucine and
aspartic acid were the predominant amino acids. All essential amino acids were found to be higher than WHO/FAO/UNU
requirement pattern for adults while leucine was found to be higher than the requirement pattern for preschool children. Lysine
however was found to be the most limiting amino acid for preschool children. The presence of these compounds of nutritive
value, as well as high energy value suggests that Nymphaea lotus rhizome could serve as a food supplement for livestock and
humans.
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1. Introduction
Currently, the world, especially developing nations is
facing the problem of malnutrition. The major causes of this
malnutrition are war and bad economic policies.
Conventional legumes and some dicotyledonous seeds,
which have been proven to be economically favourable
alternative sources of proteins and energy as against animal
proteins in developing countries, have played significant role
in the management of these problems so far [1]. However,
these are still insufficient for complete fulfillment of food
and energy requirements of the fast growing population. In
most parts of Nigeria, starch based food are the main staple
food which supply both energy and protein. Thus, protein
deficiency prevails among the populace as recognized by
Food and Agricultural Organization, FAO [4]. Recent reports
have revealed that quite a large number of indigenous plant
species are high in nutrient value [2]. However, many of such

plants have been identified but lack data on their chemical
compositions [3]. Hence, there is need for exploration of
non-conventional sources of nutrients supplements.
One of such non-conventional sources of nutrient is the
water lily (family, nymphaeaceae). Water lilies are aquatic
plants growing perennially from a sunken stem buried in the
mud, where the rootlets of the plant put away for anchor with
the asexual parts emerging above the water surface. It is one
of the foremost aquatic macrophytes that have been identified
in the Nigerian fresh water bodies [5]. The impact of some
macrophytes on water bodies, have been highlighted by
many authors [6-9]. However, there is dearth of information
on water lily despite its presence on many fresh water bodies
in Nigeria [10]. It has however been observed that people of
the north eastern part of Nigeria eat and market the seeds of
water lily [11]. In the light of this fact, it is clear that water
lily may be a sole contributor to resolve the malnutrition
problems in developing countries. The nutritional
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composition of the bulb of Nymphaea lotus has been reported
[9]. However, nothing has been done on the rhizome of this
plant. It is therefore the aim of this work to study the
proximate and amino acid profile analyses of the rhizome of
Nymhpaea lotus.

2. Materials and Methods
2.1. Sample Collection and Preparation
The Nymphaea lotus rhizomes were collected from Dan
Gurbi Lake in Randa village, Tureta Local Government Area
of Sokoto state, Nigeria. The sample was oven dried at
105°C, cooled in a dessicator and finely ground. The dried
sample was used for the analyses, except for moisture content
determination in which fresh sample was used.
2.2. Proximate Analysis
The proximate analysis (moisture content, ash content,
crude protein, crude fibre, crude lipid, total carbohydrate and
energy value) of Nymphaea lotus rhizome were determined
using standard methods [12].
2.3. Amino Acid Profile
Amino acid determination was carried out using ionexchange chromatography with Technicon Sequential
Multisample Amino Acid Analyser, TSM (Technicon
Instruments Corporation, Dublin, Ireland) at Postgraduate
laboratory, Zoology unit, University of Jos, Nigeria as outline
in [13]. 2g sample was defatted with petroleum ether using
Soxhlet extraction methods. The defatted sample was redried and milled into fine powder using porcelain pestle and
mortar. 30mg sample in duplicate were weighed into a glass
ampoules to which 5cm3 6M HCl and 5µmoles norleucine
were added. The ampoules were evacuated by passing
nitrogen gas (to remove oxygen so as to avoid possible
oxidation of some amino acids during hydrolysis), sealed
with Bunsen burner flame and hydrolyzed in an oven at
110°C for 24 hours. The ampoules were cooled, broken at the
tip and the contents filtered. The filtrates were evaporated to
dryness at 40°C under vacuum in a rotary evaporator. The
residues were dissolved to 5µL (for acid and neutral amino
acids) or 10 µL (for basic amino acids) with acetate buffer,
pH 2.2 and the solutions were dispensed into the cartridge of
TMS. The chromatograms (amino acid peaks) obtained from
automatic pen recorder corresponds to the quantity of each
amino acid present. Quantification was performed by
comparing the peak area of each amino acid in the sample to
the area of the corresponding amino acid standard of the
protein hydrolysate.

3. Results
The results of the analysis, involved proximate analysis
and amino acid profile of the rhizome of Nymphaea lotus and
they are shown in the tables 1, 2 and 3 below.
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4. Discussion
4.1. Proximate Analysis
The results of the proximate analysis of the rhizome of
Nymphaea lotus were compared with that reported for the
bulb of the same plant [9]. This is summarized in table 1.
Table 1. Result of proximate analysis of Nymphaea lotus rhizome compared
to literature values.
Parameter
Moisture content
Ash content
Crude lipid
Crude protein
Crude fibre
Available carbohydrate

% concentration
(mean ± SD)
48.83±3.22
4.67 ± 0.17
1.83 ± 0.60
4.23 ± 0.06
5.00 ± 1.50
35.44 ± 0.01

% concentration for
bulbs from literature [9]
9.72 ± 0.000
8.34 ± 0.007
5.07 ± 0.014
21.66 ± 0.014
13.30 ± 0.021
41.92 ± 0.056

From the table, the moisture content for this research work
is high, (48.83 ± 3.22) and is also higher than the value
reported for the bulb of N. lotus (9.72 ± 0.000) in the
literature which is also similar to the result obtained for the
leaf sample (7.50±0.50), root sample (9.00±0.48) and seed
sample (6.00±0.45) [14]. The high moisture content of the
rhizome implies that it is likely to have a short storage
capability [15]. The ash content showed a lower value
(4.67±0.17) compared to the literature as shown in the table.
The value for the ash content is also low compared to that of
the leaf sample (12.67±1.26) and the root sample
(26.67±1.89). It is however higher than the value reported for
the seed sample (2.67±0.29) [14]. The ash content shows a
reflection of the mineral contents preserved in the rhizome.
Minerals are essential for the proper functioning of tissues
and act as second messengers in some biochemical
mechanisms [16]. The rhizome from this research, as shown
in table 1 has very low crude lipid (1.83±0.60) while the
reported literature for the bulb showed higher lipid content
(5.07±0.014). The lipid content of most parts Nymphaea lotus
is low as shown in literature, where the leaf and root samples
gave values within the range for the rhizome (2.18 and 2.00
respectively). However, the seed sample showed higher crude
lipid similar to the bulb in the table above (9.33±0.29) [14].
The rhizome, been a low lipid containing food can thus be
recommended as part of weight reducing diet, since low fat
food reduces the level of cholesterol and obesity [17]. The
crude protein was 4.23 ± 0.06. This value is higher than that
reported for the root and seed samples (1.02 and 1.04
respectively) [14]. The presence of crude protein in the
rhizome, suggests that it can serve as a protein supplement to
contribute to the daily protein needed by the body. However,
the value is less than that reported for the bulb (21.66±0.014)
as shown in table 1. The percentage crude fibre obtained in
this work was 5.00 ± 1.50. This is low compared to the bulb
(13.30 ± 0.021), and the root sample (24.33±0.58) [14]. The
value however, is similar to that reported for the seed sample
(5.50±0.50) [14]. The crude fibre content implies that the N.
lotus rhizome could serve as a source of dietary fibre and can
be employed in the treatment of diabetes, obesity and
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gastrointestinal tract diseases [18]. The available
carbohydrate content was very high (35.44 ±0.01), even
though less than that reported for the bulb (41.92±0.056).
The value is also less than that reported for the root sample
(61.31±1.86) [14]. This value of available carbohydrate,
suggests that N. lotus rhizome is a good source of
carbohydrate which is essential for energy in livestock and
man.
4.2. Amino Acid Profile
Table 2 shows the result for the amino acid profile of N.
lotus rhizome.
Table 2. Results for the Amino Acid Profile of N. lotus rhizome.
Amino Acid
Lysine
Histidine
Arginine
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Cysteine
Valine
Methionine
Isoleucine

Concentration (g/100g protein)
3.11
1.82
4.25
7.60
2.19
3.02
9.68
2.34
3.06
3.40
0.73
3.37
1.09
2.35

Amino Acid
Leucine
Tyrosine
Phenylalanine

Concentration (g/100g protein)
8.24
2.25
3.72

The data are mean value of duplicate results.

The result indicated that non-essential amino acids
(alanine, arginine, aspartic acid, glutamic acid, glycine,
histidine, proline and serine) were higher in concentration
(56.53%) compared to the essential amino acids (isoleucine,
leucine, lysine, methionine, cysteine, phenylalanine, tyrosine,
threonine and valine) which constitute 43.48% of the total
amino acids analyzed. Among the essential amino acids,
leucine and aromatic (phenylalanine and tyrosine) are the
predominant acids, while glutamic and aspartic acids were
found to be the major non-essential amino acids in
Nymphaea lotus rhizome.
To evaluate the nutritional quality of the rhizome, the
percentages of the essential amino acids in the sample were
compared with those of reference standard amino acid profile
by WHO/FAO/UNU [19] and the result (Table 3) indicates
that all the essential amino acids exceeded the reference
value for adults, while isoleucine, lysine, sulphur-containing
amino acids (methionine and cysteine), total aromatic
essential amino acids (phenylalanine and tyrosine), threonine
and valine were below the standard requirement for
preschool children.

Table 3. Results of the amino acid score for Nymphaea lotus rhizome.
EAA
Isoleucine
Leucine
Lysine
Total sulphur EAAs
Total aromatic EAAs
Threonine
Valine
Histidine*
Total EAAs
Total non-EAAs
Total amino acids
%EAAs in total amino acids
%non-EAAs in total amino acids

Concentration (g/100g
protein)
2.35
8.24
3.11
1.82
5.97
2.19
3.37
1.82
27.05
35.17
62.22
43.48
56.53

WHO Ideal protein
A
2.8
6.6
5.8
2.5
6.3
3.4
3.5
1.9

B
1.3
1.9
1.6
1.7
1.9
0.9
1.3
1.6

[(%Amino acid)/ideal]×100
Children
Adult
84
181
125
434
54
194
73
107
95
314
64
243
96
259
96
114

*essential for children A = WHO/FAO/UNU ideal protein for preschool children aged 2-5 years. B = WHO/FAO/UNU ideal protein for adult. EAAs =
Essential amino acids.

However, for preschool children, lysine is the most
limiting essential amino acid and the second is threonine
followed by the sulphur containing essential amino acids.
This implies that the rhizome will be more suitable for adults
than children.

5. Conclusion
This research work showed the proximate analysis and
amino acid profile of the rhizome of Nymphaea lotus. It
therefore showed the biochemical compositions such as
carbohydrates, crude protein, crude lipid, crude fibre and

amino acids. From the result of this study, it has been shown
that Nymphaea lotus rhizome contains relatively good
amounts of nutrients. The low crude lipid imply that this
rhizome can serve as a good food supplement for the
treatment of obesity and the amino acid profile imply that the
rhizome is suitable for adults protein supplement. All these
suggest that Nymphaea lotus rhizome can actually serve as a
non-conventional food supplement to help combat the
problem of malnutrition amongst humans and livestock.
People living around areas where this Nymphaea lotus
rhizome is found, may look for processing methods to help
integrate this into their food for both humans and livestock.
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Furthermore, the nutrient information would enhance efforts
to promote wide use of plants because of their nutritional
benefits and medicinal properties.
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