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ABSTRACT

Proximate compositions of five economically-important fish species from Lake Victoria and Lake
Tanganyika, Tanzania were determined using standard methods and procedures of the Association
of the Analytical Chemists. Samples of Lates niloticus, Oreochromis niloticus, Rastrineobola
argentea, Limnothrissa miodon and Stolothrissa tanganicae were collected during the dry and rainy
seasons (December 2012 to March 2013) and (June to September, 2013). Protein contents (17.35-
21.44 g/100 g) were significantly (p<0.05) higher in wet seasons and lower (16.13 -19.77 g/100
g) during the dry season in all the species. Similarly, lipids contents were significantly (p<0.05)
higher during the wet seasons (1.01 — 3.19 g/100 g) and lower (0.79 -1.79 g/100 g) during the dry
season in all the species, while carbohydrate (1.89 - 4.46 g/100 g) was significantly (p<0.05)
higher during the dry season in all the species. The present study showed that these species are
good sources of protein in desirable quantities for normal growth, development and as a remedy to
nutritional and health related problems. High contents of protein and lipid during wet season make
the fish species desirable for consumption during this period. These fish species are therefore

recommended to diabetic consumers due to their low carbohydrate contents.
Key words: Fish species, Lake Victoria, Lake Tanganyika, Proximate, Seasonal variations.

INTRODUCTION

The measurement of proximate compositions such as
protein, carbohydrates, lipids, moisture contents and
ash percentage in fish is necessary to ensure that
they meet the requirements of food regulations and
commercial specifications (Waterman, 2000), as well
as being important to consumers, scientists and
manufacturers for many aspects including nutritional
value and considerations regarding processing
(Murray and Burt, 2001).)

Fish has made important contributions to micro
nutrient supplies such as protein, vitamins, minerals,
amino acids and fatty acids (Lake, 1984; Tobor, 1984;
FAO, 2000). Fish oil contains vitamins A, D, E and K
which have been successfully used in controlling
cardiovascular diseases, asthma, arthritis,
arteriosclerosis, auto-immune deficiency diseases and
tumours (Ackman, 1989; Bhuiyan et al, 1993).
Previous researches have shown that fish play vital
roles in prevention and management of many
diseases such as heart disorders and neurological
diseases. High percentages of poly unsaturated fatty
acids (PUFA) found in fish are important in lowering
blood cholesterol level (Kent, 1984). Increased intake
of fishes reduces sudden death from heart attacks,
improves symptoms of rheumatoid arthritis, decreases
the risk of bowel cancer; reduce insulin resistance in
the skeletal muscles, as well as vital for normal

development of foetus in pregnant women (Conquer
and Holub, 2002).

Principal compositions of fish are 16 to 21% protein,
0.2 to 2.5% fat, 1.2 to 1.5% mineral, 0.0 to 0.5%
carbohydrates and 66 to 81% water (Love, 1980).
The composition however, varies greatly from species
to species and also from individual to individual
depending on age, sex, environment and seasons
(Huss, 1988, 1995). According to Noel et a/ (2011)
the biochemical compositions in fishes are known to
vary with season, size, stage of maturity, availability
of food and so forth. Furthermore, variations in
proximate compositions of fish are related to feeding
intake. During periods of heavy feeding, the protein
content of muscle tissue increases slightly at first then
the fat content may show a marked and rapid
increase (Huss, 1988). On the other hand, fish may
have starvation periods for natural or physiological
reasons (spawning or migration) or due to some
external forces such as shortage of food. In that case,
fat content gradually decreases and then a decline in
protein may also be seen (Huss, 1988, 1995).
Seasonal variations in proximate compositions of
fishes have been investigated in various parts of the
world. For instance; Abdullahi and Abolude (2000)
studied the effects of season on the nutrient contents
of families cichlidae and claridae in Northern Nigeria.
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Abdullahi (2005) studied the seasonal variability of
Malapterus electricus from Niger- Benue confluence,
Tzikas et al. (2007) studied the seasonal variations in
chemical compositions of T7rachurus mediterranean
and Abdulkarim et al. (2011) studied the seasonal
variations in the proximate and mineral contents of
three fresh water fishes of the families Mochokidae,
Mormoryridae and Schilbedae from Mairuwa
Reservoir, Faskari, Katsina state Nigeria.

Lake Victoria and Lake Tanganyika are among the
great fresh water lakes of the world and are blessed
with commercially important species of fishes, most
prominent among them are L. niloticus (Linnaeus), O.
niloticus ~ (Linnaeus),  Rastrineobola  argentea
(Pellegrin), Stolothrissa tanganicae (Pellegrin) and
Limnothrissa miodon (Boulenger), but very little
studies have been done with regards to the effect of
seasons on their proximate compositions. The fishes
are common and acceptable to consumers in the local
and international markets and are highly relished by
the people. The objective of this study was therefore
to determine seasonal variations in the proximate
contents of these important fishes. A hypothesis that
there were significant seasonal variations in proximate
compositions among the five fish species was
postulated.

MATERIALS AND METHODS

Study Areas

Lake Victoria, covering an area of 68,800 km?2 is the
second largest lake in the world after Lake Superior in
North America. It is shared by the three East African
countries with Tanzania occupying the largest portion
as follows, Tanzania (51 %), Uganda (43%) and
Kenya (6%). (Fig.1). The lake lies between latitude
0.7 9N -39S and Longitude of 31.8 ©E -34.8°E
(Witte and Van Densen, 1994).

Lake Tanganyika is located between latitude 3° 20’
and 8 © 48’ S and between longitude 29° 03'and 31°
12" E (Sven et al,, 2006). The riparian countries that
shared the lake in terms of surface area are Burundi

(8 %), Democratic Republic of Congo (45 %),
Tanzania (41 %) and Zambia (6%) (Fig.1.).

Samples collection and Processing

A total of 11,584 samples of the five fish species
consisting of 226 L. niloticus, 237 O. niloticus and
4865 of R. argentea were purchased randomly from
the commercial catches of fishermen at the three
sampling sites (i.e. Mwanza, Magu and Sengerema) of
Lake Victoria, and 4320 S. (fanganicae, 1936 L.
miodon from ( Kibirizi, Katonga and Kigoma) from
lake Tanganyika. (Fig.1). The fishes were purchased
in the early morning between 06:30 — 08:30 hours of
December 2012, January, February, March, 2013 (wet
season) and June, July, August and September 2013
(dry season). Each time the fishes were purchased
from the fishermen they were iced and transported in
insulated cool boxes to the Department of Aquatic
Sciences and Fisheries University of Dar es salaam
and prepared for further laboratory analysis.

Twenty (20) samples each of L. niloticus, O. niloticus,
250 samples of R. argentea, S. tanganicae and 150
samples of L. miodon were chosen monthly and
randomly from the population for further
preparations. All the fish samples were individually
measured to standard length in cm with a ruler and
weighed to the nearest gram with an electrical
weighing balance LCD series (Model number: YP 500
IN). The samples were washed with de-iodized water,
filleted, de- boned for the big species (L. niloticus and
O. nifoticus), pooled and oven-dried at 105-109°C for
24 hours or to a constant weight before being milled
into homogenous powder using 8” Lab. milling
machine (Christy Hunt Engineering Essex, England
Serial number 19911). Powdered samples were put in
polythene bags, labelled and kept in a dry place
before being transported to the Department of Animal
Sciences and Production (DASP), Sokoine University of
Agriculture (SUA), Morogoro where the analyses were
carried out. Triplicate determinations were carried out
on each sample.
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Figure 1: Map of Tanzania showing the sampling sites (éource: Cartogrlaphic Dept. UDSM, Tanzania).
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Proximate analyses

The proximate compositions (moisture, crude protein,
lipid, carbohydrates and ash) of the five fish species
were determined using the standard methods of the
Association of Official Analytical Chemists (AOAC,
1990). Moisture content was determined based on the
differences between the wet weight and the weight
after drying to a constant temperature at (100°C).
The protein content was determined in three stages:
digestion, distillation and titration by micro-kjeldhal
method and multiplied by 6.25 to estimate the crude
protein content (AOAC, 1990). The lipid was
determined by extraction with petroleum ether in a
Soxhlet extractor for 4-8 hours, while the crude
carbohydrate was calculated by the difference method
(AOAC, 1990). The ash content was determined when
the white ash was formed and a constant weight

maintained. Ten grams of dried powder was placed in
a pre-weighed porcelain crucible and ignited in an
ashing furnace maintained at 600°C until a constant
weight was obtained.

Statistical analyses

The data obtained were subjected to a t-test and
Wilcoxon matched- paired signed rank test using
Graph pad Prism statistical software Version (6.04) at
a significant difference level of P>0.05.

RESULTS

The lengths and weights measurements of the five
studied fishes are given in Table 1. The average
lengths of the fishes ranged widely from 4.68 to
126.04 cm. The average weights of the species
ranged from 1.75 to 1872 g. Literatures have shown
that all the species are in matured stages.

Table 1: Lengths and weights measurement of the investigated fish species of Lake Victoria and

Lake Tanganyika, Tanzania

S/ No  Specie Local Common Average Average Examined part
name name length(cm) weight (g)

1 L. niloticus Sangara  Nile Perch 126.04+8.9 1872+158 Flesh

2 O. niloticus Sato Tilapia 29.49+2.9 807.62+541 Flesh

3 R. argentea Dagaa Sardine 4.68+0.63 1.75+1.44 Whole*

4 L. miodon Dagaa Sardine 11.45+10.8 6.84+1.43 Whole*

5 S. tanganicae Dagaa Sardine 7.51+0.76 3.23+3.49 Whole*

*

Flesh, bone, skin head

The seasonal variations in the proximate compositions
of the five investigated fish species is shown in Table
2. The mean protein content of L. niloticus during the
wet season was 20.87 g/100 g and that of the dry
season was 16.28 g/100 g. The content was
significantly higher in wet season than the dry season

(Two sample paired t —test, t = 8.891, df 11, p
<0.0001) (Fig. 2A). The mean lipid content during
wet season was 3.18 g/100g and that of dry season
was 1.79 g/100 g. The content was significantly
higher in wet season than the dry season (Two
sample paired t — test, t = 5.786, df = 11, p
=<0.0001) (Fig.2 B).

Table 2: Seasonal variations in the proximate compositions of the investigated fish species from

Lake Victoria and Lake Tanganyika in g/100 g

g:sgcies/composition Protein Lipid Carbohydrate Moisture Ash

L. niloticus i 20.87+1.64 3.18+0.98 1.80+1.05 70.27+2.97  3.86+0.89
ii 16.28+0.35 1.79+0.31 4.46+1.17 72.07£1.20  5.39+0.59

O. niloticus i 21.44+1.58 2.76+0.90 1.19+0.28 71.17£1.81  3.56+0.34
ii17.71+1.31 1.19+1.11 3.06+£1.04 73.45+1.12  4.61+0.51

R. argentea i19.61+1.59 1.20+0.43 1.17+0.71 71.52+£1.26 6.52+1.14
ii 16.13+0.69 0.41+0.32 2.15+0.37 76.87£0.53  4.44+0.57

L. miodon i 17.35+1.54 1.01+0.58 1.35+0.28 75.10+£0.45 6.08+0.83
ii 16.72+0.98 0.79+0.39 1.89+0.40 70.56£1.06 6.87+2.51

S. tanganicae i 19.7742.81 1.58+0.24 1.19+0.67 70.56£1.06 6.87+2.51
ii16.12+0.54 1.15+0.19 3.57+0.58 71.524+0.68  7.54+0.83

i- Rainy season

ii-Dry season

The mean carbohydrate content during the wet (Fig.2C). Interestingly, there were no significant

season was 1.80 g/100 g and 4.46 g/100 g during the
dry season. The content was significantly higher in
dry season than the wet season (Wilcoxon matched-
paired signed rank test, W= 78, df = 11, p = 0.0005)

differences in the moisture contents between the two
seasons (Two sample paired t — test, t = 2.090, df =
11, p = 0.0007) (Fig. 2D).
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The mean moisture content during the wet season
was 70.27 g/100 g and 72.07 g/100 g during the dry
season. The mean ash content of the species during
the wet season was 3.86 g/100 g and 5.39 g/100 g

254 A
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Wet Dry
season

during the dry season. The content was significantly
higher in dry season than wet season (Two sample t-
test, t= 4.867, df = 11, p = 0.0007) (Fig.2E).
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Figure 2: Seasonal variation in protein (A), Lipid (B), Carbohydrate (C), Moisture (D) and ash (E) in L. niloticus

from Lake Victoria.

The mean protein content of O. niloticus during the
wet season was 21.44 g/100 g and 17.71 g/100 g
during the dry season. The protein content was
significantly higher in wet season than the dry season
(Wilcoxon matched pair signed rank test, W = -66,
df=11, p = 0.0068) (Fig. 3A). The mean lipid content
was significantly higher in wet season than dry season
(Two sampled paired t- test, t= 4.087, df= 11, p=
0.0018) (Fig. 3B). The content was 2.76 g/100 g
during the wet season and 1.19 g/100 g during the
dry season. The mean carbohydrate content was
significantly higher in dry season than wet season
(Two sample t- test, t= 5.206, df= 11, p = 0.0003)
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(Fig.3C). The contents were 1.19 g/100 g during the
wet season and 3.06 g/100 g during the dry season.
The mean moisture contents during the wet and dry
seasons were 71.7 g/100 g and 73.45 g/100 g
respectively. The content was significantly higher in
dry season than the wet season (Wilcoxon matched
paired signed rank test, W = 62.00, df 11, p =
0.0122) (Fig. 3D). Similarly, ash content was
significantly higher in dry season than the wet season
(Wilcoxon matched paired rank test, W = 78.00, df
11, p = 0.0005) (Fig. 3E). The mean ash contents
were 3.56 g/100 g and 4.61 g/100 g for wet and dry
seasons respectively.
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Figure 3: Seasonal variation in protein (A), Lipid (B), Carbohydrate (C), Moisture (D) and Ash (E) in O. niloticus

from Lake Victoria.
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Protein content of R. argentea was significantly higher
in wet season than dry season (Two sample paired t —
test, t = 6.872, df = 11, p <0.0001) (Fig. 4A). The
mean contents were 19.61 g/100 g and 16.13 g/100 g
for the wet and dry seasons respectively. Similarly,
lipid content was significantly higher in wet season
than dry season (Two sample paired t — test, t=
13.10,df = 11, p < 0.0001) (Fig. 4B).

The mean content during the wet season was 1.20
g/100 g and was 0.41 g/100 g during the dry season.
The mean carbohydrate content during the wet
season was 1.17 g/100 g and was 2.15 g/100 g
during the dry season. The content was significantly
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higher in dry season than the wet season (Wilcoxon
matched pairs signed rank test, W= 58, df= 11, p=
0.0210) (Fig.4C). Moisture content was significantly
higher in dry season than wet season (Two paired t —
test, t= 13.71, df = 11, p<0.0001) (Fig. 4D). The
mean contents were 71.52 g/100 g and 76.87 g/100 g
for the wet and dry seasons respectively. Ash content
was significantly higher in wet season than the dry
season (Two paired sample t- test, t = 6.972, df =
11, p= <0.0001) (Fig. 4E). The mean ash contents for
the wet and dry seasons were 6.52 g/100 g and 4.44
g/100 g respectively.
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Figure 4: Seasonal variations in protein (A), Lipid (B), Carbohydrate (C), Moisture (D) and Ash (E) in R.

argentea from Lake Victoria.

There were no significant differences in the mean
protein content of L. miodon between the two
seasons (dry and wet) (Two sample paired t- test, t=
0.9756, df= 11, p= 0.3502) (Fig. 5A). The mean lipid
content of the species was 1.01 g/100 g during the
wet season and 0.79 g/100 g during the dry season.
The content was significantly higher in wet season
than dty season (Two sample paired t- test, t= 3.115,
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df= 11, p= 0.0098) (Fig. 5B). Carbohydrate content
was significantly higher in dry season than the wet
season (Two sample paired t- test, t= 4.103,p=
0.0017) (Fig. 5C). Moisture content was significantly
higher in dry season than wet season (Two sample
paired t- test, t= 18.94, df= 11, p<0.0001) (Fig. 5D).
Ash content was significantly higher in wet season
than dry season (Wilcoxon matched pairs signed rank
test, W= -66, df= 11, p= 0.0063) (Fig. 5E).
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The mean protein content of S. fanganicae was
significantly higher in wet season than dry season
(Wilcoxon matched pairs signed rank test, W= -78,
df= 11, p= 0.0005) (Fig. 6A). The mean lipid content
was significantly higher in wet season than dry season
(Two sample paired t- test, t= 3.441,df= 11, p =
0.0055) (Fig. 6B). Carbohydrate content was
significantly higher in dry season than the wet season
A

25
—
L}
a
Wet Dry
season
§4 C
4
3
2
1
a
Wet

season

2.0

N
a

1.6

-
o

1.0

-
o

0.5

Concentrations in g/100g
oncentrations in g/100g

o
o

[
o

20

Concentrations in g/100g
»
(=}

o

Dry

Figure 6 Seasonal variations in protein (A), Lipid (B), Carbohydrate (C),

tanganicae from Lake Tanganyika.

DISCUSSION

Fish of various species do not provide the same
proximate and mineral compositions to their
consumers (Takama et a/,, 1999). The nutritive values
of fishes differ with seasons (Varljen et al,, 2013). In
the present study samples were captured on the pre-
selected seasons to determine the most appropriate
season for utilization.

The biochemical constituents in animals are known to
vary with season, size of the animal, stage of maturity
and availability of food. The present study accepts the
hypothesis that there are significant seasonal
variations in the proximate compositions of the five
species of fishes. The protein contents of all the five
fish species were significantly higher (P<0.05) during
the rainy season. This conforms to the work of
Abdullahi and Abolude (2001) that studied nutrient
levels of Bagridae in relation to season from Nigeria.
The study also conforms to the work of Abdullahi
(2002) who studied seasonal and locational variations
in proximate composition among L. niloticus, H.
nifoticus and G. nifoticus. The study also agreed with
the work of Tzikas et al,, (2005) who reported high
contents of protein during the wet season. This result
was not in accordance to the findings of Connel
(1980), Abdullahi and Abolude (2002) and Abdullahi
(2005) who reported low level of protein during the
rainy season. Narcisa ef a/. (2001) also reported that
protein content remained fairly constant during the
whole year period in horse mackerel (7rachurus
trachurus).  Similarly, the lipid content was
significantly higher (P<0.05) in all the species during
the rainy or wet season. These are comparable to the
reports of Dawson (1980); Craig (1977) and Shulman,
(1984); in various temperate fishes and Abdullahi

(Wilcoxon matched pairs signed rank test, W= 78,
df= 11, p= 0.005) (Fig. 6C). Similarly, moisture
content was significantly higher in dry season than
the wet season (Two sample paired t- test, t= 3.044,
df= 11, p= 0.0112) (Fig. 6D). Ash content was higher
in dry season than wet season, but not significantly
different (Two paired sample t- test, t= 0.9695,
df=11, p= 0.3531) (Fig. 6E).

season

Concentrations in g/100g

season season

Moisture (D) and Ash (E) in S.

(2002) in Nigeria. Most fishes breed during the wet
season, therefore the high content of fat and protein
in the species were attributed to their utilization for
gonad development, hormonal changes, egg
developing and subsequent breeding activities. The
mean values of carbohydrate were significantly higher
during the dry season in all the species. This was
supported by work of Abdullahi, (2005). The higher
content of carbohydrate during the dry season may
be due to it usage for physiological processes and
subsequent starvation period after spawning (Connell,
1980, Pussey and Kennard, 1996). The mean value of
the moisture content in the species ranged between
(71.04 to 74.19g9/100g. Since water constitutes about
70% of every living cell, the fish showed tendency
toward maintaining such level irrespective of the
seasons. The ash content was significantly lower
(P<0.05) during the rainy season and high during the
dry season in L. nifoticus and O. niloticus. This agreed
with work of Abdullahi (2002); Abdullahi (2005) but
do not conform to the work of Abdullahi and Abolude,
(2005). The low mean ash content recorded may be
explained by the possibility that absorption occurred
during the rainy season and gradually accumulated to
its peak during the dry season.

CONCLUSION

This study has revealed that L. niloticus, O. niloticus,
R. argentea, S. tanganicae and L. miodon are rich in
protein, have average to lean lipid contents and low
carbohydrate contents which might be useful for
normal growth, development and as a remedy to
nutritional and health related problems. In addition,
the higher levels of protein and fats or lipids during
the rainy season make the species highly desirable for
consumption during this period.
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