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Introduction

Abstract

Feed formulation is important to improve the quality of feed by adding nutritive
ingredients. The use of seaweed in fish feed is not usual in our country though these
are cultivated in Cox’s Bazar and Saint Martin’s Island for human consumption. This
study investigated the effects of seaweed (Hypnea sp.) as supplementation on the
meat quality of Nile tilapia. The current study was continued for 3 months using 30
days old more or less similar-sized 30 tilapia fingerlings/aquarium (total of 10
aquariums). Commercial feed was selected based on its easy availability and is
frequently used by farmers in rural areas. Collected seaweed was mixed with the
formulated feed at four percentages. Finally, five different treatments were applied
to the fishes where — T; (5% seaweed), T, (10% seaweed), T3 (15% seaweed), T4 (20%
seaweed), and Ts (Commercial feed as control) with twoa sets of replications for each.
After 3 months of rearing, fish were harvested for proximate composition, minerals,
and lipid extraction as well as for the determination of the quantity of different fatty
acids in the sample with a trace amount of heavy metals. Heavy metals were detected
in tilapia meat at a trace level which is not harmful for human consumption. The
findings have a clear indication that a 10% seaweed mixed diet can be considered the
optimum amount as supplementary feed for Nile tilapia to improve their nutrient
composition

Seaweeds are rich in dietary minerals (Na, K, 1), and
fiber, which can improve the texture of foods.

Algae are more commonly used as animal feed
ingredients rather than in animal diets. The suitability of
various algae as a good supplementary feed has been
proven by various nutritional and toxicological
evaluations where algae have also been mentioned as
substitutes for other conventional sources of protein
(soy, fish meal, rice bran, etc.). (Becker, 2007).
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Investigations are ongoing, in search of new
protein sources for the fish farming industry, and a large
number of algae are being considered as potential
alternative protein sources, especially in tropical
countries where some algae species are already used as
supplements in commercial diets. (Nakagawa, 1985;
Mustafa and Nakagawa, 1995).
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Seaweed is a macroscopic, multicellular marine
algae. It is very important because of its use for a variety
of purposes. Seaweeds are a good source of minerals,
vitamins, proteins, bioactive compounds, and
indigestible carbohydrates (MacArtain et al., 2007;
Kalasariya et al., 2016; Swarmalatha, 2018), used as a
primary feed for different herbivorous fish (Tolentino-
Pablico et al., 2008; Siddik and Anh, 2015).

In Bangladesh, about 200 marine algal taxa have so
far been found on the Saint Martin’s Island, Chittagong,
and Cox’s Bazar coast where 98 taxa under 53 genera
are red (Aziz and Islam, 2009; Islam et al., 2010). Among
them, Hypnea pannosa and Hypnea musciformis have
commercial significance. Around 100 households are
involved in collecting seaweed manually or using push
nets from St. Martin’s Island. Collected seaweeds are
sundried on shore.

In Europe, seaweeds have been used as animal
feed since Roman times. In Iceland, France, and Norway
pets were fed by algae to increase the nutritional value
of the feed (Cunningham et al., 2010 Swanson and
Druehl 2002). In 2004, the use of algae as animal feed
accounted for 1% of the global industry based on
seaweed ($10MM in the U.S., mainly Ascophyllum
nodosum) (Chopin et al., 2009). In the case of
microalgae used as feed additives, the value of the
industry in the same year in the U.S. totaled $300MM
(Pulz and Gross 2004). About 10,000 species of algae
have been identified, and 5% of them are now used as
human or animal food.

The significant role of saturated fatty acids (SFAs),
monounsaturated  fatty acids (MUFAs), and
polyunsaturated fatty acids (PUFAs) in human health
cannot be denied and freshwater fishes are rich in these
nutrients. Especially, PUFAs are important for their
ability to prevent cardiovascular disease, psychiatric
disorders, and some other illnesses such as
atherosclerosis, thrombogenesis, high blood pressure,
and skin diseases (Gladyshev et al., 2012). Omega-3
fatty acids are the most important category of PUFAs
which play a vital role in maintaining health conditions
including alpha-linolenic acid (ALA), docosahexaenoic
acid (DHA), eicosapentaenoic acid (EPA), and
docosapentaenoic acid (DPA) and also omega-6 PUFAs
include linoleic acid (LA) and arachidonic acid (ARA)
(Abedi and Sahari, 2014). In the last decade, the impacts
of different herbal extracts on the immune defense and
growth of fish were researched. The products which are
used for feed production, maintain the quality of fish
and its health condition. It was observed that vitamin B,
plant-based products improve the growth and health of
salmon (Hemre et al. 2016) and fababean meal in
Atlantic salmon usually helps in utilizing the feed
efficiently (De Santis C. et al., 2015).

Tilapia is one of the most popular exotic fishes
cultured in Bangladesh belonging “Cichlid” group, native
to Africa. Nile tilapia (Oreochromis niloticus) has been
introduced and cultured worldwide, with considerable
benefits for the livelihoods of poor people in third-world

countries, both in terms of household income and family
consumption (Little, 2003). It is omnivorous and fast-
growing with different supplementations (El- Sayed,
2010). It feeds on zooplankton, phytoplankton, and
aquatic plants. Different types of aquatic plants have
different dietary effects on Nile tilapia. Thyme,
rosemary, and fenugreek as supplementary feed
increase innate immune response and disease
resistance of tilapia (Gultepe et al., 2014).

Fatty acid is a carboxylic acid with a long aliphatic
chain. It is the building block of fat. At the time of
digestion, fats are broken down into fatty acids, then
absorbed into the blood. Each of the three fatty acid
molecules is then linked together to form triglyceride.
Saturated and unsaturated, these two types of fatty
acids are mainly found. In the current study, both types
of fatty acid composition were analyzed for different
feeding trials where seaweed was used at different
percentages as supplementary feed. So, the purpose of
the present study was to estimate the proximate
composition and fatty acid profiles of Nile tilapia
(Oreochromis niloticus) reared on a laboratory scale
supplemented with different proportions of marine
algae and usual commercial feed as a major feed and
also to evaluate the beneficial fatty acids in tilapia meat.
On the other hand, it is very important to investigate
whether seaweed increases heavy metal contents in fish
or not when it is used as supplementary feed for fish. In
this study, an initiative has been taken to evaluate the
effects of Hypnea sp. as a supplementary feed on the
mineral (Ca, Mg, P, Fe, and K) and heavy metal (Pb, Cr,
Cd, and Ni) contents of Nile tilapia (Oreochromis
niloticus).

Materials and Methods

Experimental Setup

These experiments were carried out in the wet
laboratory of the Bangladesh Council of Scientific and
Industrial Research (BCSIR), Dhaka. Tilapia fingerlings
were brought from a hatchery of Bangladesh Fisheries
Research Institute (BFRI), Mymensingh. The commercial
feed of Mega feed limited was used as fundamental
feed. Nursery feed was used for 1% seven days
containing 35% crude protein (CP), 6% crude fat (CF), 5%
crude fiber (Cf), and 12% moisture (M). For the rest of
the days floating feed (containing 30% CP, 3% CF, 10%
Cf, and 12% M) was used along with a kind of seaweed
Hypnea musciformis as supplementary feed. H.
musciformis was collected from Saint Martin’s Island,
Cox’s Bazar, Bangladesh.

Tilapia fish was raised in glass aquaria (30 x 14 x 6
inches) at the Zoology Section of the Bangladesh Council
of Scientific and Industrial Research (BCSIR) in Dhaka,
Bangladesh. The aquariums were cleaned, filled with 60
L of clean tap water, and prepared with all other
required facilities (aerator, water changing pipe). Then,
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more or less similar in size (in terms of length and
weight), thirty tilapia fingerlings were kept in each
aquarium with a triplicate for each experimental diet.
Different water quality parameters such as water
temperature, pH, dissolved oxygen, total dissolved
solids (TDS), and conductivity were measured weekly
with a thermometer, digital pH meter (Jenway, Model
3020, United Kingdom), dissolved oxygen meter (Model
Oxi 3150i, Germany) and conductivity meter (Jenway,
4510) respectively.

Seaweed (Hypnea Sp.) Meal and Feeding Trial

Five different experimental feeds were used where
four feeds contained different percentages of seaweed
mixed (T1 with 5% seaweed, T> with 10% seaweed, T3
with 15% seaweed, and T4 with 20% seaweed) and the
last one was a commercial feed of Mega feed company
as control (Table 1). For each treatment, the mixture
was blended and some water was added to make a
sticky ball-like form. Pellet-formed fish feed was
produced with a pellet machine from this sticky dough.
These were then dried and stored in airtight containers.
Feed was given to the Tilapia fingerlings once a day at
5% of their body weight.

Sample Preparation

Fish from different aquariums were collected after
three months of rearing, then measured, weighted, and
euthanized. The dead fishes were taken for sample
preparation and then for laboratory analysis to measure
the percentages of water, protein, fat, ash, and
minerals. Using a chemical tissue grinder, samples for
each treatment were crushed separately and taken for
moisture estimation. The weight of wet samples was
recorded and after oven-drying at 100°C, weighed again.

Proximate analysis was accomplished with the dry
sample, later readjusted for weight wet.

Estimation of Proximate Composition

The moisture content of the fish sample was
estimated by AOAC 1984 method, described by Gopalan
1976.

The modified Kjeldahl method A.0.A.C (1990) was
used to measure the amount of nitrogen and then
multiplied by 6.25 to get the amount of crude protein.
The existing non-protein nitrogen (NPN) of the sample
was also considered in the current experiment.

Lipid content was estimated using the modified
method suggested by Folch et al., 1957. Extraction of fat
from the dry sample was performed using a mixture of
anhydrous chloroform-methanol.

Estimation of Fatty Acid

Fat was extracted from fish by the hydroelectric
method. Petroleum ether was added into the lipid
extracted from the dry fish sample before and allowed
to stay overnight and then allow to air dry and boil until
getting the sticky fat content. The fat content was
weighted. Then the fat content was methylated to fatty
acids methyl esters (FAMEs). FAMEs were quantitatively
measured by gas chromatography. By following the
Chromatographic method, the profile of fatty acids was
done (Nicholus et al. 1995). Fatty acids were obtained
from fat through saponification using a NaOH dissolved
in methanol H20 mixture (hydrolysis with alkali).

Measurement of Minerals

Atomic Absorption Spectrometer (Model No.: AA-
7000, Shimadzu, Japan) was used to estimate minerals

Table 1. Proximate composition of Sea weed (H. musciformis) and Commercial feed.

Nutrients Hypnea musciformis Saudi Bangla fish feed for grower
Protein (%) 13.73+£1.12 12.52+0.3
Crude lipid (%) 0.34+0.4 24.00+0.5
Carbohydrate (%) 46.2610.6 3.37+0.6
Fibre (%) 5.620.7 19.92+0.1
Ash (%) 9.76+1.4 40.19+0.36
Moisture (%) 24.314+0.5 6.85+0.41
Table 2. Proximate composition of Nile Tilapia fingerlings fed on seaweed mixed diet.
Treatments Moisture (%) Protein (%) Lipid (%) Ash (%)
T1 (5% Seaweed) 74.39+0.57 14.33+0.19 6.08+0.90 4.28+0.30
T2 (10% Seaweed) 74.52+0.12 14.3440.10 5.13+0.18 5.00+0.25
T3 (15% seaweed) 75.31+1.41 14.28+0.38 4.320.16 5.19+0.37
T4 (20% seaweed) 75.25+0.88 14.14+0.12 3.49+0.87 6.13+0.13
Ts (Control) 74.01£0.69 14.090.53 6.37£1.02 4.46£0.71

Values are mean + SEM of duplicate groups of 30 fishes.
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like Ca, Mg, and Fe. Calibration of all equipment was
done using commercial chemical standard solutions, the
samples were prepared using the reagents of analytical
grade, and the water, used throughout the study was
deionized. UV/VIS Spectrophotometer was used to
estimate phosphorus content. The potassium in the
sample was determined with a Flame photometer. The
concentration of minerals was expressed by ppm.

Measurement of Heavy Metals

The heavy metals Cr, Pb, Cd, and Ni were also
estimated using Atomic Absorption Spectrometer
(Model No: AA-7000, Shimadzu, Japan) and the
procedure was similar to mineral measurement. Heavy
metal concentrations were expressed as ppm.

Statistical Analysis

All data were subjected to a one-way analysis of
variance (ANOVA) test using SPSS version 20. Where
ANOVA revealed a significant difference (P<0.05).
Tukey’s test was used to compare means.

Results
Proximate Composition of Nile Tilapia

The proximate composition of reared tilapia after
three months of rearing with seaweed-supplemented
feed is shown in Table 1.

The highest moisture (75.57+0.88%) and ash
(6.13+0.13%) content was observed in T4 (20% seaweed
mixed feed). The value of protein content was observed
highest (14.68+0.38) % in T3 (15%).

Significant differences were found among all
treatments (P<0.05) in lipid contents. Though the
highest lipid value was measured in control fish Ts
(6.87+1.02%), treatments with 5% and 10% seaweed
mixed feed had also more lipid content (6.18+0.90%)
and (5.23+0.18%) respectively.

Fatty acid profiling of Nile Tilapia

A total of 16 fatty acids were detected from the
reared tilapia for different treatments in the current
study. Saturated fatty acids (SFA) are most abundantly
present in tilapia fingerlings after three months rearing
period. Which was followed by monounsaturated fatty
acid (MUFA), n-6 polyunsaturated fatty acid (n-6 PUFA),
and n-3 polyunsaturated fatty acid (n-3 PUFA)
respectively (Figure 1).

Among the n-3 polyunsaturated fatty acids,
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) is abundant in tilapia fingerlings treated with a
15% and 20% seaweed mixed diet. EPA is a
polyunsaturated omega-3 fatty acid with 20 carbon
chains and five cis double bonds. In the current study,

the highest amount of EPA was found in T3
(4.809+0.29%) followed by T3, Ta, T1, and Ts.

Docosahexaenoic acid (DHA) is another important
n-3 fatty acid. The highest amount of DHA was found in
T2 (3.70+0.55) followed by Ts, Ts, T1, and the lowest in Ts
(1.65+0.205). Docosapentaenoic acid (DPA) is a dietary
omega-3 fatty acid. The highest amount of DPA was
found in T3 (3.13+0.03) followed by T2, Ta, Ty, and the
lowest one was in Ts (1.63+0.17).

Arachidonic acid is a polyunsaturated omega-6
fatty acid 20:4 (w-6). In this experiment, the highest
amount of arachidonic acid was found in T2 (1.1740.39)
followed by Ts, Ts, and T1. In T3 the acid was not traced.

Linoleic acid is a liquid, colorless polyunsaturated
omega-6 fatty acid. It is a carboxylic acid with an 18-
carbon chain and 2 cis double bonds. The highest
amount of linoleic acid was found in T2 (15.50+2.71)
followed by Ts, Ts, and Ts, and the lowest one in T1
(10.83%2.24). In this experiment, 10% and 15% seaweed
mixed feed showed better performance in terms of
enriching fatty acids in Tilapia meat. Though different
fatty acids were high in amount for different treatments,
the results of this experiment showed that seaweed as
supplementary food had a positive impact on the fatty
acid profile of tilapia.

Estimation of Minerals and Heavy Metals

As fishes are an important source of minerals
specially calcium, magnesium, phosphorus, iron, and
potassium, in this study, the amount of these minerals
in the body of Nile tilapia which were fed different
percentages of seaweed (Hypnea sp.) supplementation
was analyzed. Again, the effects of seaweed
supplementation on some common heavy metals like
lead (Pb), chromium (Cr), Cadmium (Cd), and Nickel (Ni)
concentration in the fish body were analyzed on a dry
based. The minerals and heavy metals were calculated
for the whole body including muscles, gills, and bones.

In Table 2 the highest amount of Ca is found in T
(6.66+0.09%) followed by T2, T3, and Ts, and the lowest
one was found in Ts (5.40£0.16 %). The mean difference
is significant at the 0.05 level. The Ca content of Ty, T,
Ts, and T4 was significantly higher than Ts. These results
are higher than the range of fish and seafood reported
elsewhere (FAO/ IN FOODS, 2013). As would be
expected, calcium content was much higher in speciesin
which bones are commonly consumed and included in
the edible parts, and in this analysis, the sample was
prepared including bones. The maximum amount of Mg
was found in T1 (0.138+0.001%) followed by Ta, T2, and
T3, and the lowest one was found in Ts (0.110+0.003%).
This range was also high as the bones and scales were
included in the sample. The highest amount of P was
found in T2 (3.46+0.07) % followed by T, T1, and Ts,and
the lowest one is found in Ts (2.70+0.04%). There is no
significant difference among all the treatments at 0.05
levels for Mg and P amount. In this experiment, Ca, Mg,
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and P were expressed in a form of percentages because
of their presence in a high amount in the reared tilapia.

Iron is one of the important trace elements. The
highest amount of Fe is found in T2 (13.35+0.36)
mg/100g followed by Ti, Ts, Ts, and the lowest one is
found in T3 (8.83+0.39 mg/100g). The mean difference
is significant at the 0.05 level. Fe content of T2 and Tz is
significantly higher than Ts, T3, and Ta. On the other
hand, the highest amount of K is found in T3
(391.63+35.45) mg/100g followed by Ti, Ts, T4, and the
lowest one in T, (285.231£0.06 mg/100g). There is no
significant difference among all the treatments at 0.05
levels.

Overall 5%- 10% seaweed supplementation
improves the minerals in the fish body mostly.

In this experiment, the highest amount of lead is
found in T2 (8.41+0.59mg/100gm) followed by T4, T1,and
the lowest amount is found in (2.1620.72 mg/100gm)
and T3 (2.1620.44 mg/100gm). Here, T2 is significantly
higher than Ts, T3, T1, and T4 at a 0.05 level. The
maximum amount of Cr is found in T, (4.1240.20
mg/100gm) followed by T1, T4, T3, and the lowest one in
Ts (0.7£0.1) mg/100gm. Here, T2 is significantly higher
than Ts, Ts, T4, and T1. Again Tuis significantly higher than
Ts at 0.05 level statistically (Table 3).

In this study, only 0.015 mg/100g Cd is found in Ta
and only 0.007 mg/100g Cd is found in T2. In Ts, T1, and
Ts, no Cd is found. Ni is absent for all treatments (Table
4).

Estimation of Fatty Acids

Total 16 fatty acids were detected from the reared
tilapia for different treatments in the current study.
Saturated fatty acids (SFA) are most abundantly present
in tilapia fingerlings after three months rearing period.
Which was followed by mono unsaturated fatty acid
(MUFA), n-6 polyunsaturated fatty acid (n-6 PUFA) and
n-3 polyunsaturated fatty acid (n-3 PUFA) respectively
(Figure 1).

Among the n-3 polyunsaturated fatty acids
eicosapentanoic acid (EPA) and docosahexanoic acid
(DHA) is abundant in tilapia fingerlings treated with 15%
and 20% seaweed mixed diet. EPA is a polyunsaturated
omega-3 fatty acid with 20 carbon chain and five cis
double bonds. In the current study, the highest amount
of EPA was found in T3 (4.8091+0.29) % followed by T2,
T4, T1 and T5. (Figure 3)

Docosahexanoic acid (DHA) is another important n-
3 fatty acid. Highest amount of DHA was found in T2
(3.703%0.55) followed by T3, T4, T1 and the lowest in T5
(1.65£0.205). Docosapentaenoic acid (DPA) is a dietary
omega-3 fatty acid. Highest amount of DPA was found in
T3(3.13+0.03) followed by T2, T4, T1 and the lowest one
was in T5 (1.63%0.17). (Figure3)

Arachidonic acid is a polyunsaturated omega-6
fatty acid 20:4 (w-6). In this experiment, the highest
amount of arachidonic acid was found in T2 (1.17+0.39)
followed by T4, T5 and T1. In T3 the acid was not traced.
(Figure 2)

Linoleic acid is a liquid, colorless polyunsaturated
omega-6 fatty acid. It is a carboxylic acid with an 18-
carbon chain and 2 cis double bonds. Highest amount of
linoleic acid was found in T2 (15.50+2.71) followed by
T3, T5, T4 and the lowest one in T1 (10.83+2.24). In this
experiment, 10% and 15% seaweed mixed feed showed
better performance in terms of enriching fatty acids in
Tilapia meat. Though different fatty acids were high in
amount for different treatments, results of this
experiment showed that seaweed as supplementary
food had positive impact on fatty acid profile of tilapia.
(Figure2)

Discussions

In this experiment, moisture content increases
with the increasing amount of seaweed supplement.
The range of moisture content of Oreochromis niloticus
was (74.01+0.69-74.52+0.88%). The highest moisture

Table 3. Amount of different minerals in Nile tilapia for seaweed supplementation.

Treatments Calcium (%) Magnesium (%)  Phosphorus (%) Iron ( mg.100g1) Potassium (mg.100g1)
T1 (5% Seaweed) 6.66+0.092 0.138+0.001 3.05+0.41 12.2040.212 356.25+0.29
T2 (10% Seaweed) 6.60+0.02°2 0.117+0.002 3.4610.07 13.35+0.362 285.2310.06
T3 (15% seaweed) 6.18+0.17°2 0.115+0.002 2.991+0.005 8.83+0.39b 391.63%£35.45
T4 (20% seaweed) 6.12+0.022 0.125+0.012 3.1940.21 9.59+0.50b 320.41+35.70
T5 (Control) 5.40+0.16" 0.110+0.003 2.70+0.04 8.99+0.36P 320.49£35.55

Table 4. Amount of different heavy metals in Nile tilapia for seaweed supplementation.

Treatments Lead ( mg.100g1)

Chromium ( mg.100g1)

Cadmium ( mg.100g?) Nickel ( mg.100g1)

T1 (5% Seaweed) 4.,14+0.55b 2.01+0.41°¢ BDL BDL
T, (10% Seaweed) 8.41+0.592 4.12+0.202 0.007 BDL
T3 (15% seaweed) 2.16+0.44° 1.16+0.06b ¢ BDL BDL
T4 (20% seaweed) 4.85+0.02b 1.91+0.11b.c 0.015 BDL
Ts (Control) 2.16+0.72° 0.7+0.1b BDL BDL

Values are mean + SEM of duplicate groups of 30 fishes.
BDL= Below Detection Limit
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was in Ta (75.57+0.88%), whereas the lowermost one
was in Ts (74.01+0.69%). There is no significant
difference among all treatments at the 0.05 level.
Experiments on moisture amount for the freshwater fish
(27 species), done by Rubbi et al. (1987) suggested the
presence of 72.18-83.65% moisture normally, which
supports the result of the current study. Another finding
by Dresosier (1977) on fish moisture also supports our
results where he suggested 70-80% moisture content in
general fishes. Here, the percentage varies depending
on different factors such as seasons, sex, age, etc.
Overall, the amount of moisture found in this study was
similar to many of the previous studies.

According to Basemir et al. (2004) and Nakagawa
and Montgomery (2007), lipids, extracted from
macroalgae, contain different types of fatty acids.

100

Fatty acid profile (%)

75-
50-
25+

0-

Among them, long-chain polyunsaturated fatty acids
have great importance for neural function and health.

In Ulva sp. (green seaweed), crude protein
amounts may vary between 10-26% of dry weight,
whereas, for red seaweed, the amount may be up to
47% which indicates their potential as human and
animal food (Fleurence, 1999).

This experiment showed that protein content for
treatments was almost similar and no significant
difference among all the treatments at 0.05 levels. The
range of protein content was (14.09+0.53-
14.48+0.10%). The highest protein content was
observed in T3 (14.48+0.10) % followed by Tz, T1, and Ta,
whereas the lowest one was in C (14.09+0.53%). This
result was fresh- based. Dresosier et al. (1977) reported
that protein content in fish remains in a range of 13-

Acid type

. Monounsaturated Fatty Acids (MUFA)
n-3 Polyunsaturated Fatty Acids (PUFA)
n-6 Polyunsaturated Fatty Acids (PUFA)
Saturated Fatty Acids (SFA)

1 1 1 1 1
Treatment1 Treatment2 Treatment3 Treatment4 Treatment5

Treatment with seaweed

Figure 1. Fatty acid profiling of Nile Tilapia treated with seaweed supplemented feed (T:- 5% seaweed, T,- 10% seaweed, Ts- 15%

seaweed, T;- 20% seaweed, and Ts- control).

o
1

Average percentage of n-6 Fatty Acids (PUFA)

104
54
04

Acid.type

. Arachidonic Acid (C20:4)
B Eicosadiencic Acid (C20:2)
. Linoleic Acid (C18:2)

Treatment.1 Treatment.2 Treatment.3

Trealr;lentA
Treatment with seaweed

Treatment.5

Figure 2. n-6 polyunsaturated fatty acids of tilapia treated with seaweed supplemented feed (T;- 5% seaweed, T,- 10% seaweed,

T3- 15% seaweed, T4- 20% seaweed, and Ts- control).
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20%. On the other hand, 9-25% protein (both for marine
and freshwater fishes) was suggested by Govindan
(1985). According to literature, fish may contain a wide
range of proteins.

In this study, the ash content increases with the
increasing amount of seaweed supplement. Here, the
range of ash content of Oreochromis niloticus was
(4.28+0.30-6.13+.13%) where the highest amount was
in T4 (6.13+0.13%) and the lowest one in C (4.16£0.71%).
No significant difference among all the treatments at
0.05 levels. The result for ash was fresh-based. Ash
content indicates the presence of different minerals
including Ca, Mg, P, Fe, and Zn, which have a vital role in
maintaining the body structure of various organisms.
Jimet al. (2017) found ash content for Nile tilapia ranged
between 1.76- 3.30%.

A high amount of fatty acid indicates a high
nutritional value of the fish. The high level of Oleic,
Palmitic acid, myristic and stearic acids for saturated
fatty acids, palmitoleic and oleic acids for
monounsaturated fatty acids, eicosapentaenoic and
docosahexaenoic acids are the most abundant omega-3
fatty acids found in tilapia.

In this experiment, the highest amount of
arachidonic acid was found in T3 (1.1710.39) followed by
Ta, Ts,and T1. In T3 the acid was not traced. Normally in
freshwater fishes, Arachidonic acid ranges between
3.35-10.67% (Suloma et al., 2008). Here, the amount is
less than the normal value. The highest amount of DHA
was found in Tz (3.70+0.55) followed by Ts, T4, and Ty,
and the lowest in Ts (1.65%0.205). Normally in
freshwater fishes, docosahexaenoic acid ranges
between 4.21- 20.71 % (Suloma et al., 2008). Here, the
amount is also less than the normal value. In the current
study, the highest amount of EPA was found in Ts
(4.52+0.29) followed by T2, Ts, T1, and Ts. Here, the
amount of EPA in Tz is significantly higher than Ts
(1.55+0.05) and T1 (1.61+0.56) at 0.05 levels. Normally

in freshwater fishes, eicosapentaenoic acid ranges
between 0.42- 4.74% (Suloma et al., 2008). The report
supports our findings and indicates that the fish of this
experiment contain a comparatively higher amount of
EPA within range. In this study, the highest amount of
oleic acid was found in T1 (38.3915.38) followed by Ts,
T2, and T4 and the lowest one was in T3 (20.760.07).
Normally in freshwater fishes, oleic acid ranges between
9.50-48.76% (Suloma et al., 2008) which strongly
supports the findings of recent work and also indicates
that fish contain a comparatively higher amount of oleic
acid within the range. The highest amount of
palmitoleic acid in this study was found in T3 (4.62+0.32)
followed by Ts, T4, and T2, and the lowest one was found
in T1 (2.68+0.01). According to Suloma et al. (2008), the
normal range of palmitoleic acid for freshwater fish
ranges between 4.24-11.96%. The report supports our
findings and indicates that the fish of the current study
contain a comparatively lower amount of palmitoleic
acid. In this study, the highest amount of palmitic acid
was found in T3z (33.66+1.15) followed by T, Ts, and T2
and the lowest one was in T1 (22.47%+4.23). Again
Stanceby (1982) reported that 20-25% of total fatty
acids in fish were palmitic acids. The above reports
support the findings of this study and indicate that fish
contain a comparatively higher amount of palmitic acid.
According to this experiment, the highest amount of
myristic acid was found in Tz (3.39+0.21) followed by Ta,
Ts, T2, and the lowest one in T1 (1.6410.41). The highest
amount of Linoleic acid was found in T2 (15.50+2.71)
followed by Ts, Ts, T4 and the lowest one in Ti
(10.83%2.24) and, the highest amount of stearic acid was
found in T3 (12.19+0.29) followed by T2, T4, T1 and the
lowest one was found in Ts (8.4210.01). Suloma et al.
(2008) observed that the amount of myristic, linoleic,
and stearic acids ranges between 1.56-4.67%, 0.86-
6.52%, and 8.51-12.74% respectively. The normal
values indicate that the fish of this experiment contains
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Figure 3. n-3 polyunsaturated fatty acids of tilapia treated with seaweed supplemented feed (T1- 5% seaweed, T,- 10% seaweed,
T3- 15% seaweed, T4- 20% seaweed, and Ts- control).
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a comparatively higher amount of myristic and stearic
acid within range and a high amount of linoleic acid. The
fatty acids amount among different treatments were
almost similar. No significant difference among all the
treatments at 0.05 levels for any fatty acids except EPA.

The current study showed that the lipid contents of
Nile tilapia decrease in a linear way with the increase of
the amount of seaweed as supplements. Here, the
range of lipid content of Oreochromis niloticus was
(6.87+1.02-3.89+0.87%). The highest lipid content was
observed in Ts (6.87£1.02%) and the lowest one in Ta
(3.89+0.87%). No significant difference was found
among all the treatments at 0.05 levels. This result was
fresh-based. Rubbi et al.,, (1987) found from the
experiment that the lipid content of 27 species of
freshwater fish in Bangladesh varied from 0.89-15.1%.
Overall, the findings of the previous study support the
result of the current study. Fish lipid is mainly a
combination of glycerides, polar lipids, and some lesser
components including sterol, sterol ester, free fatty
acids, and so on and it varies in different species during
different seasons (Woyewode et al. 1986). Different
fatty acids are high in amount for different treatments.
Again, the results of this experiment showed that for
15% seaweed (T3) and 10% seaweed (T2) supplements,
the amount of different fatty acids was comparatively
higher than other treatments which means 10%-15%
seaweed supplement was the most suitable amount for
Nile tilapia.

In this study, calcium content ranged considerably
from 5.40%+0.16-6.66+0.09%, which is more the
maximum edge of the range for fish and seafood (FAO/
IN FOODS, 2013). The highest amount of Ca was found
in T1 (6.66£0.09%). In this study, it was expected
because of the inclusion of bones during sample
preparation for analysis and considered bone as an
edible portion. Although no studies have been
conducted to estimate the total impact of Ca deficiency
in Bangladesh, from data on the development of rickets,
it is predicted that 550,000 children were affected in
2008. (Craviari et al., 2008; Fischer et al., 1999; ICDDR’B
2009). One study with two rural sub-districts showed
that 0% of women or children had a diet with the
required amount of calcium and the likely reasons were
low food intake and lack of dietary variety (Arsenault et
al., 2013). According to Belton et al., 2014, whereas, as
aregular food item, dairy products have become the key
source of dietary calcium in developed countries; In
Bangladesh, dairy products are not included in the
regular diet of most people. The range of magnesium is
0.11+0.003 to 0.13+0.001% which is high in amount as
the bones and scales were included in the sample. The
highest amount of Mg was found in T1 (0.13+0.001%).

Phosphorus content ranged from 2.7010.04 to
3.4610.07% and this higher composition was due to the
inclusion of bone as an edible part. Nevertheless, our
findings have been supported by values reported
elsewhere (FAO/INFOODS 2013). The highest amount of
P was found in T2 (3.4610.07%).

Iron content varied extensively between 8.83+0.39
to 13.35+0.36 mg/100g and the highest amount of Fe
was found in T2 (13.35£0.36 mg/100g). Our results
showed more significant variations in iron content
compared to values reported in the global
FAO/INFOODS database on fish and shellfish (excluding
mollusks) (FAO/IN FOODS, 2013). This may be partly
attributable to sampling variability, the use of seaweed
as a supplementary feed, differences in the analytical
methods, or various environmental conditions. The true
nature and magnitude of these differences should be
further investigated. Here, the data indicated that the
use of seaweed supplements for tilapia may have a
noteworthy effect on dietary iron consumption in
Bangladesh which is of high bioavailability as an animal-
source food (FAO and WHO, 2004). This policy may
prove to be efficient in public health management to
reduce iron deficiency in Bangladesh, as a report by
ICDDR’B, 2013 showed that 10.7% of preschool-aged
children and 7.1% of adult women were suffering from
problems in different physical and cognitive
development, pregnancy outcomes, morbidity, and
mortality due to iron deficiency.

Potassium (285.23+0.06 to 391.63+£35.45 mg/100
g) content was broadly consistent with ranges for other
fish and seafood reported elsewhere (FAO/IN FOODS
2013). The highest amount of K is found in Ts
(391.63%35.45mg/100g).

Analysis of the mineral contents indicated that 5%-
10% seaweed supplement resulting a higher amount of
minerals than other treatments.

As different levels of seaweed were used as
supplementary feed with commercial feed, there was a
chance of high heavy metal accumulation in fish in this
study. The amounts of four heavy metals (Pb, Ni, Cd, Cr)
were analyzed, within which nickel (Ni) and cadmium
(Cd) were absent. Lead (Pb) and chromium (Cr) were
found in a little amount that does not cross the upper
limit of the range which could be harmful to the fish
species as well as to humans.

Conclusion

The observations in the experiment substantiate
the conclusion that an appropriate proportion of
macroalgal species in fish meals may form a promising
strategy to enhance food quality. The most important
and beneficial PUFA (EPA and DHA) were increased with
the proper use of Hypnea sp. these two fatty acids are
important for the development of the nervous system
and the prevention of cardiovascular diseases. And the
ultimate target of this experiment was to enhance the
meat of tilapia fish using locally available commercial
feed with the supplementation of this particular
seaweed but the improvement of fatty acid profile
depends on the amount of seaweed used for
supplementation. In this experiment, different fatty
acids were high in different amounts for the treatment
profile of Nile tilapia. After the rearing of tilapia best
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performances were shown with the supplementation of
10% seaweed (T2) followed by 15% seaweed (Ts) and 5%
seaweed (T1). After analyzing the whole result, we can
come to the conclusion that T, (10% seaweed
supplementation) was moderate. 10% seaweed
supplementation can be considered optimum for the
improvement of the fatty acid profile of Nile tilapia.
Considering the mentioned experimental views
seaweed has a great prospect in our country and the
farmers can easily use this nutrient-enriched marine
macrophyte in fish feed farming.
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