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ABSTRACT
Amino acid composition analyses were carried out on five of the most popular and commercial value fresh
water fish species: Latesniloticus, Oreochromis niloticus, Rastrineobolaargentea, Limnothrissa. miodon and
Stolothrissatanganicae from Tanzanian portions of Lake Victoria and Lake Tanganyika using standard
methods and procedures. The dominant amino acids in all the fishes were glutamic acid 14.11 to
14.89g/100g, aspartic acid 9.31 to 9.57g/100g, lysine 6.89 to 8.58g/100g, glycine 6.31 to 7.35g/100g and
the least amino acid was cystine 0.81 to 1.12g/100g. There were significant differences (p< 0.05) in the
contents among the species. The contents of the amino acids were compared with the {whole hen’s egg;
FAO/WHO/UNU, 1985} and FAO/WHO (1991) reference values. To assess the nutritional quality of these
fishes predicted protein efficiency ratio (P-PER), Essential amino acid index (EAAI) were calculated. This
study confirmed that the fish species EAAS were above the FAO/WHO/UNU, (1985) and FAO/WHO (1991),
reference values. These fish species could serve as significant sources of EAAS, and lysine present in them
could supplement the corresponding deficiency in plant proteins. The fish species could therefore be
recommended for supplementation in the preparation of feeds for weaning and pre- weaning children.
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INTRODUCTION
The low consumption of fish and fish products in
Tanzania as compared to other countries less
than 15g per individual per day [10] is due,
among other reasons to inadequate promotion
and lack of sufficient information regarding
their nutritional qualities.
Fish is known to be a good source of protein rich
in essential amino acids [27]. Amino acid plays a
central role as building blocks of proteins and
intermediates in metabolism and further help to
maintain health and vitality [31]. There are 20
amino acids that can be found in human body,
18 of which are important in human nutrition.
Some of the amino acids cannot be synthesized
de novo by humans and other animals and hence

must be supplied in the diet; therefore, they are
called essential amino acids [23]. Examples of
essential amino acids are Lysine, Methionine
and Phenylalanine. Other amino acids e.g.
Glutamic acid and Aspartic acid are synthesized
by the organism in sufficient amounts and hence
are called non-essential amino acids.
The nutritional value of any protein is directly
related to the amino acid composition [17].
Dietary proteins in form of amino acids are
needed
for
growth,
metabolism
and
maintenance of the body especially in young
ones. The quality of the proteins can be
determined in relation to the composition of a
standard protein, which is recognized as the
most relevant for the assessment of the protein
quality in the nutrition of all populations [15].
Although, vegetable protein is being used to
increase the intake of protein quality, this has
been found to lack some essential amino acids to
meet the needs of the populace [25]. An
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underutilized source of good quality protein
may exist in the fresh water fish species with
potentials
for
providing
amino
acid
requirements of human and other animals.
Latesniloticus (Linn.), Oreochromis niloticus
(Linn.),
Rastrineobolaargentea
(Pellegrin),
Limnothrissamiodon
(Boulenger)
and
Stolothrissa Tanganicae (Pellegrin)are economic
important fish species from Lake Victoria and
Lake Tanganyika. They are chosen for this study
because they are of high commercial values and
readily available all year round.
Studies on the amino acids compositions of fresh
water fishes have been reported [2-4, 22, 23,
28]. However, little information is available on
the amino acid compositions of these five fish
species. The objective of this study was
therefore to determine amino acid compositions
of these five fish species.
MATERIALS AND METHODS
Study Area (s)
Lake Victoria, covering an area of 68,000 km² is
the second largest Lake in the world after Lake
Superior in North America. The Lake lies
between latitude 0.7 º N - 3 º S and Longitude of
31.8 º E - 34.8 º E [30]. (Fig.1). Lake Tanganyika
is located between latitude 3o 20’ and 8 o 48’ S
and between longitude 29o 03’and 31o 12’ E and
is the second deepest Lake in the world
following Lake Baikal of Russia [29]. (Fig.1).
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from Lake Tanganyika. Fishes were purchased
in the early morning hours of February 2013 to
September, 2013 (April and May exclusive) (six
months period). Samples were filleted, deboned (L. niloticus and O. niloticus) others were
processed whole), oven dried at 1050-1090C for
5hours. The cooled samples were milled into
powder. Powdered samples were wrapped
separately in aluminium foil and kept in
polythene bags labelled appropriately before
being transported to Zoology Department
University of Jos, Plateau State Nigeria, where
the analyses were carried out.
Amino acid analyses
Amino acid profiles of the powdered samples
were determined using the method of [11] on a
Technicon TSM-1 amino acid analyzer DNA
0209
Model
(Technicon
Instruments
Corporation, Newyork, USA).
Estimation of predicted protein efficiency
ratio (P-PER) and Essential amino acid index
(EAAI).
Protein efficiency ratio was estimated using the
equation adopted by [6] which is: P-PER= 0.468+0.454 (Leu) - 0.105 (Tyr).
The essential amino acid index was calculated
using the formula adopted by [20] as follows:
EAA I=n

100a x 100b x 100c x100d x…….j
ae x be x ce x de x……..
Where a, b, c……………j = % essential amino acids
in food protein,
Where
ae, be, ce, de = value of the same
essential amino acids in whole hen’s egg protein.
Where n = number of amino acids entering into
the calculation.
Statistical analyses
The data obtained were subjected to a one way
Analysis of Variance (ANOVA) using Graph Pad
Prism Statistical Software Version (6.04) at a
significant difference level of P≤0.05.
RESULTS AND DISCUSSION

Figure 1: Map of Tanzania showing the sampling sites
(Source: Dept. of Geography, UDSM).

Samples collection and Processing
A total of 3,396 samples consisting of 62L.
niloticus, 67O. niloticus, 1660R. argentea, 996S.
tanganicae and 611L. miodon were purchased
randomly from the commercial catches of the
five sampling sites namely: Mwanza, Sengerema,
Magu from Lake Victoria, Kibirizi and Katonga

The five fish species contained essential and
non-essential amino acids in different
proportions (Table 1). Lysine content ranged
between 6.89 to 8.58 g/100g and differed
significantly among the five fish species F (4, 10)
= 65.49, P<0.0001. The content was higher in R.
argentea than L. miodon (p<0.001), higher in O.
niloticus than R. argentea (p<0.001) and
significantly higher in L. niloticus than R.
argentea (p<0.05).
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Table 1: Amino acid profiles (g/100 g) of the five sampled fish species
Amino acid
Lyse
Hise
Arge
Aspn
Thren
Sern
Glun
Pron
Glyn
Alae
Cystn
Vale
Mete
Isoe
Leue
Tyrn
Phee

L. niloticus
8.24±0.22a
2.58±0.06a
6.29±0.08a
9.57±0.11a
4.15±0.07a
4.21±0.06a
14.40±0.18a
4.63±0.10a
7.32±0.07a
6.07±0.05a
1.12±0.03a
4.70±0.04c
2.66±0.07a
4.05±0.04
7.17±0.09a
3.15±0.05a
4.37±0.05a

O. niloticus
8.58±0.07a
2.82±0.02b
6.33±0.05a
9.45±0.08a
4.19±0.05a
4.22±0.07a
14.11±0.06a
4.63±0.04a
7.35±0.07a
6.18±0.08a
1.04±0.03b
5.00±0.03b
3.09±0.03b
4.13±0.03a
7.19±0.06a
3.20±0.06a
4.09±0.03c

R. argentea
7.76±0.05b
2.60±0.03a
6.34±0.06a
9.49±0.09a
4.20±0.04a
4.20±0.06a
14.72±0.14b
4.39±0.07a
6.96±0.08b
5.95±0.06a
0.87±0.02c
4.54±0.09c
2.79±0.03
3.92±0.02
7.15±0.04a
3.15±0.06a
3.98±0.03c

L. miodon
6.89±0.19c
2.65±0.09a
5.94±0.21b
9.36±0.16a
4.37±0.08b
4.02±0.10b
14.89±0.22b
3.68±0.23b
6.31±0.15c
5.69±0.10b
0.84±0.04c
4.11±0.10d
2.51±0.12a
3.73±0.41
7.00±0.15a
3.15±0.05a
3.89±0.14c

S. tanganicae
7.46±0.09b
2.69±0.03a
6.10±0.07a
9.31±0.07a
4.08±0.08a
4.14±0.05a
14.83±0.10b
4.15±0.05c
6.76±0.06b
6.06±0.05a
0.81±0.01c
4.43±0.08c
2.95±0.02b
3.63±0.02b
7.04±0.05a
3.28±0.08a
4.13±0.07c

Means and Standard error means in the same row with different superscripts are significantly different at (P< 0.05). e- Essential amino
acid, n- non essential amino acid.
Table 2: Quality parameters of the amino acids of the five fish species
Amino acid
Total amino acids (TAA)
Total essential amino acids (TEAA)
% (TEAA)
Total non-essential amino acids (TNEAA)
% (TNEAA)
Total neutral amino acids (TNAA)
% (TNAA)
Total acidic amino acids (TAAA)
% (TAAA)
Total basic amino acids (TBAA)
% (TBAA)
Total sulphur amino acids (TSAA)
% (TSAA)
% Cystine in TSAA
Total aromatic amino acids (TArAA)
% (TArAA)
Leusine/ leucine ratio
Leusine- isoleucine difference
% leu -Ile (difference)
P - PER(Predicted protein Efficiency Ratio)
EAAI(Essential Amino Acid Index)

L. niloticus
94.68
46.13
48.72
48.55
51.28
53.60
56.61
23.97
25.32
17.11
18.07
3.78
3.99
28.1
7.52
7.94
1.77
3.12
43.5
2.46
100

Histidine content was in the range 2.58 to 2.82
g/100 g and differed significantly among the fish
species F (4, 10) = 9.788, p=0.0017. The content
in L. niloticus was lower than that in O. niloticus
(p<0.01). There were no significant statistical
differences (P>0.05) in histidine contents among
L. niloticus, R. argentea, L. miodon and S.
tanganicae. Arginine content 5.94 to 6.34 g/100
g differed significantly among the five fish
species F (4, 10) = 7.451, p = 0.0047. Total
amino acids (TAA) of O. niloticus were the
highest (95. 60 g/100 g) and that of L. miodon
were the lowest (89.03 g/100 g) Table 2. Total
essential amino acids (TEAAs) for the species
were 46.13 g/100 g for L. niloticus, 47.41g/100 g
for O. niloticus, 45.03 g/100 g for R. argentea,
42.41 g/100 g for L. miodon and 44.49 g/100 g
for S. tanganicae. There was a slightly higher

O. niloticus
95.60
47.41
49.59
38.19
50.41
54.31
56.81
23.56
24.64
17.73
18.55
4.13
4.32
25.18
7.29
7.63
1.74
3.06
42.56
2.46
102

R. argentea
93.01
45.03
48.42
47.98
51.58
52.10
56.02
24.21
26.03
16.70
17.96
3.66
3.94
24.17
7.13
7.67
1.82
3.23
45.17
2.45
97

L. miodon
89.03
42.41
47.64
46.62
52.36
49.30
55.37
24.25
27.24
15.48
17.39
3.35
3.76
25.07
7.04
7.91
1.88
3.27
46.71
2.38
92

S. tanganicae
91.85
44.49
48.44
47.36
51.56
51.46
56.03
24.14
26.28
16.25
17.69
3.76
4.09
21.54
7.41
8.07
1.94
3.41
48.44
2.38
96

percentage of total essential amino acids in O.
niloticus at 49.59% of total amino acids than in
L. niloticus at 48.72%, but these differences were
not considered significant (p = 0.0547).
Glutamic and aspartic acids were the most
concentrated in all the species. Such results
were similar to those found by [24] in C.
anguillaris; [26] in Sardines and [13] in O.
niloticus respectively. The high levels of glutamic
and aspartic acids in these fishes were as a
result of conversion of glutamine and
asparagines to their parents’ dicarboxylic acids
(glutamic and aspartic acids) during hydrolysis.
[19] reported that glutamic acid, which is widely
known is an important source of nitrogen, and is
usually used to improve the taste of
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the five fish species could satisfy human needs
from all classes (infants, children and adults).

The most concentrated essential amino acid
(EAA) in all the fish species was lysine. Contrary,
to the data on amino acids of natural food
products in which lysine reacts with oxidized
lipids thereby reducing the lysine contents [12].
This result was comparable to the previous
findings [1, 22-23]. However, the values of this
study were higher than [15] reference value of
6.7 g/100g.

The predicted efficiency ratio (P-PER) is one of
the quality parameter used for protein
evaluation [15]. The P-PER in this study ranged
between 2.38 to 2.46 and was comparable to the
findings [23]. The value was higher than those in
C. anguillaris, O. niloticus, and C. Senegalensis[6].
The standard reference for the P-PER is based
on casein, a cow’s milk protein, which has a PPER of 2.5 [14] and the values obtained in this
study were close to or equal to 2.5. Generally, a
P-PER value below 1.5 approximately describes
a protein as low or of poor quality [16]. Thus, all
the fish samples analysed were of good quality
as their P-PER values were above 1.5.

monosodium glutamate a “Mchuzi”
commonly used in Asia and West Africa.

Unfortunately, lysine was considered as the
limiting amino acid in cereal based diet
consumed by many human populations [18]. A
reduced supply of lysine in the diet may lead to
mental and physical retardation because it is an
important precursor for the de novo synthesis of
glutamate, the most significant neuron transmitter in the mammalian central nervous
system. Deficiency of lysine in plant proteins
such as cereals can thus be supplemented by
consuming these fishes.
Generally, L. miodon contained lower
concentrations of most amino acids than L.
niloticus, O. niloticus, R. argentea and S.
tanganicae. Such differences could be attributed
to differences in dietary needs of the respective
amino acids. It is also a reflection of differences
in protein composition of each species [2].
The nutritive value and quality of dietary
protein in fish depends upon the pattern and
quality of amino acids present in it [17]. The
total amino acids (TAAs) values in this study
(89.03 to 94.68g/100g) were comparable to the
findings of [8] in T. guineensis, [23] in commonly
consumed fishes in Nigeria as well, as [9] in O.
niloticus. However, the values were higher than
those reported in G. niloticus [7]. The total
essential amino acids (TEAA) of this study
(42.41 to 47.41 g/100g) were slightly above the
whole hen’s egg reference protein of (46.30
g/100g) and more than the value of
(40.7g/100g) [15]. Similarly, the values
concurred well with findings of [23] in four
commonly consumed fish species in Nigeria, as
well as [9] in O. niloticus. Percentage TEAA of
the samples (47 to 49.59%) was comparable to
46.2% reported in Z. Variegates [5]. However,
the value was below those obtained in G.
niloticus [7]. On the other side, the value was
well above the 39% considered adequate for
ideal protein food for infants, 26% for children
and 11% for adults [14]. These results showed
that the percentage amino acid contents of all

The essential amino acid index (EAAI) is useful
as a rapid tool to evaluate food formulations for
protein quality, although it does not account for
differences in protein quality due to various
processing methods or certain chemical
reactions [21]. EAAI was based on the
recommended value of [15] and the value is 100,
while values above 100 are truncated to 100.
The EAAI values of 100 and 102 from this study
were comparable to the findings of [2] in O.
niloticus as well, as [24] in C. gariepinus, H.
niloticus and S. schall. Based on the calculated
EAAI the quality of the amino acid proteins in
the samples could be arranged in the following
order: O. niloticus<L. niloticus<R. argentea< S.
tanganicae<L. miodon.
An ideal protein should contain 5.5% lysine,
3.5% sulphur amino acids, 4% threonine, 7%
leucine and 1% tryptophan [15]. These results
showed that all the five fish species have
satisfied the ideal protein.
Significantly, the nutritional and amino acids
qualities of all the fish species suggest that they
could be used to develop supplements for
weaning and pre-school age children. Similar
concept led to the development of a plant based
protein supplement “Ewa-ogi” in Lagos, Nigeria
and has proved effective in the prevention of
protein- energy malnutrition [1].
CONCLUSION
The high values of EAAs, EAAI and P-PER of the
five fish species confirmed that these species are
good sources of high quality protein and amino
acids to consumers. Thus, these fish species may
have the potentials of reducing the incidence of
protein- energy malnutrition in Tanzania by
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direct consumption and supplementation with
cereal based diets.
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