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ABSTRACT

The main objective of the study was to investigate the effect of partial replacement of soybean meal (SBM) protein with
sunflower meal (SFM) protein on growth performance, feed utilisation, survival and body composition of GIFT tilapia.
Fish weighing between 1.03+£0.01 and 1.19+0.02 g were stocked in plastic troughs (50 1) at a stocking rate of 15 fishes per
trough. Percent replacement of SBM by SFM on the basis of crude protein was 0% (control), 10% (SFM10), 20% (SFM20)
and 30% (SFM30). Diets were fed to fish at the rate of 5% of the total fish biomass, daily for a period of 60 days. Fish fed
with SFM 20% and SFM 30% sunflower meal had best performance in terms of weight gain, specific growth rate, protein
efficiency ratio, feed efficiency ratio and feed conversion ratio (p<0.05). Analysis of fish whole body composition revealed
that with increasing dietary SFM levels, whole body protein, ash and moisture contents showed significant difference among
dietary treatments (p<0.05). Fish fed with SFM 30 diet showed the best growth performance compared to fish fed with the

control diet.
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Introduction

Aquaculture is the fastest growing food sector and its
economic significance is increasing concomitantly (FAO,
2009) with production also rapidly increasing worldwide
(FAO, 2016). Aquaculture, especially of tilapias, has the
potential to play a leading role in the fight to eradicate
food insecurity, malnutrition and poverty (Bene and Heck,
2005). Tilapia is the second most cultured fish globally
and its production has quadrupled over the past decade
because of its suitability for aquaculture, marketability
and stable market prices (Wang et al., 2016). Feed is
one of the major and important inputs in aquaculture
production and high cost of fish feed is one of the major
problems hindering aquaculture development (Tiamiyu
et al, 2013). Soybean meal is a preferable alternative
ingredient to fish meal in the diet of tilapia. However,
its cost is a hurdle for fish nutritionists to produce cost
effective tilapia feed. Sunflower meal is easily available,
has good nutritional profile and can become a better
alternative protein source to fish meal and soybean meal
in the diet of tilapia. In India currently, sunflower ranks
fourth among the oilseed crops in terms of acreage and
production (Inturrisi, 2015). Commercial production
started in the early 1970s, with a low 15,000 ha area,
peaking to 2,339,000 ha in 2005 with a production of
1.4 million t of seed. The top producers are the states
of Karnataka and Andhra Pradesh in the southern zone,

Mabharashtra in the central zone, Gujarat in the western
zone, and Punjab in the northern zone (Department of
Agriculture and Cooperation, Govt. of India, 2013). In
the year of peak production (2005), India accounted for
almost 10% of the world’s sunflower area harvested and
4.8% of production (Inturrisi, 2015).

Sunflower meal is a rich source of protein for fishes,
specially in its winnowed form. It is frequently applied to
substitute soybean meal since it is free of trypsin inhibitors
and has abundant vitamin content than soybean meal
(Hertrampf and Piedad-Pascual, 2000). Protein content of
sunflower meal ranges from 29 to 33% for non-dehulled
meals and 35 to 39% for dehulled and partially dehulled
meals (Heuze et al., 2015). The present study, investigated
the efficiency of replacement of soybean meal (SBM) with
sunflower meal (SFM) as a protein source in the diet of
GIFT tilapia.

Materials and methods
Experimental fish

GIFT tilapia weighing between 1.03+£0.01 and
1.1940.02 g were procured from the State Fisheries
Department, Krishnagiri, Tamil Nadu, India. The seeds
were acclimatised for 15 days in an indoor fibre glass tank
(4 mx 10 m x 1.5 m) and fed with commercial pelleted
feed ad libitum prior to feeding trials. Feeding trials were
carried out in the wet laboratory at Advance Research
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Farm Facility (ARFF), Madhavaram, Tamil Nadu, India.
Experimental setup consisted of 12 plastic troughs (50 1
capacity) each filled to three-quarter (3%4) of its volume
with water from a borewell. In order to prevent fish
escaping from culture troughs, the troughs were covered
with plastic net on top. The system was static and fully
aerated for oxygen supply through electric aerators indoor
during the 60 days of culture period.

Experimental diet and feeding

The selected feed ingredients were subjected to
proximate composition analysis following standard
procedures (AOAC, 2005). For the feeding trials, four
sets of isonitrogenous and isoenergetic experimental
diets were formulated by replacement of SBM by SFM
on the basis of crude protein at 0% (control), 10%
(SFM10), 20% (SFM20) and 30% (SFM30) levels. The
ingredient composition of experimental diets is shown in
Table 1. Proximate composition of feed ingredients and
experimental diets were analysed as per AOAC (2005).
Feeding was done twice a day between 09.00 - 10.00 hrs
and 15.00 - 16.00 hrs at a feeding rate of 5% body weight
per day for entire duration of feeding trial (60 days).

Water quality parameters

Water quality parameters such as temperature,
dissolved oxygen, pH, hardness and total alkalinity were
measured and recorded daily. Standard analytical methods
as per APHA (2005) were employed for estimation of the
various physico-chemical parameters which included total
ammonia-N, nitrite-N, nitrate-N, water hardness which
were assessed twice a week.

Sampling and growth performance

Sampling was done once in every 15 days for 60 days.
Total length and body weight of all stocked fish in each

Table 1. Ingredient composition of formulated feed
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trough were measured for estimation of growth parameters
and feed utilisation. Growth performance was examined
in terms of live weight gain (LWQ), feed conversion ratio
(FCR), specific growth rate (SGR%), protein efficiency
ratio (PER), feed efficiency ratio (FER), apparent net
protein utilisation (ANPU), energy retention (ER),
survival rate and mean weight gain which were calculated
according to Prabu ef al. (2018).

Data analysis

One way analysis of variance (ANOVA) was used
to determine differences between treatment means which
were considered significant at p<0.05. Post-hoc analysis
was done when significant differences were found between
treatment means, using Tukey’s Honest significant
difference test (Steele and Torrie, 1980). Analyses were
performed using SPSS software version 16.0 for windows
(SPSS Inc., Chicago, USA).

Results
Water quality

Over the 60 days of feeding duration, no significant
difference was observed in the water quality parameters
recorded (Table 2), between the experimental treatments
(p>0.05). The water quality parameters were within the
acceptable range for the growth of the species (Stickney,
1979).

Proximate composition of experimental diets

Proximate composition of the candidate ingredients
(SFM) and the experimental diets are shown in Table 3.

Growth performance of GIFT tilapia fed with SFM diets

Survival rate (SR) of each treatment was above 94%
and results did not show significant difference between

Percentage of inclusion

Ingredients

Control (C) 10% SFM 20% SFM 30% SFM
Soybean meal 46 36 26 16
Sunflower meal 0 10 20 30
Cassava starch 15 15 15 15
Fish meal 13 13 13 13
Corn flour 18 18 18 18
Fish oil 3 3 3 3
Di-calcium phosphate 2 2 2 2
Vitamin premix 1 1 1 1
Mineral premix 1 1 1 1
Salt 1 1 1 1

Composition of vitamin premix (Quantity per kg): Vit. A - 1,00,00,000 IU, Vit. B1 - 5,000 mg, Vit. B2 - 5,000 mg, Vit. B3 - 6,000 mg, Vit. B5 - 6,000 mg,
Vit. B6 - 6,000 mg, Vit. C - 60,000 mg, Vit. D3 - 20,00,000 IU, Vit. E - 10,000 IU, Vit. H - 200 mg.

Composition of mineral premix (Quantity per kg): Magnesium - 2,800 mg, Iodine - 7.4 mg, Iron - 7,400 mg, Copper - 1,200 mg, Manganese - 11,600 mg,
Zinc - 9,800 mg, Cobalt chloride - 4 mg, Potassium - 100 mg, Selenium - 4 mg, Calcium carbonate - 27.25%, Phosphorous - 7.45 mg, Sulphur - 0.7 mg,
Sodium - 6 mg, Calpan - 200 mg, Aluminium - 1,500 mg and Choline chloride - 10,000 mg
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Diets
Parameters SFM 10 SFM 20 SFM 30 C p<0.05
Temp (°C) 27.75+0.352 27.56+0.31° 27.26+0.35* 27.04+0.41* 0.726
DO (mg 1) 5.07+0.10* 5.35+0.08* 5.18+0.08* 4.97+0.13¢ 0.109
pH 7.48+0.112 7.32+0.13* 7.35+0.112 7.4540.12° 0.948
NH, -N (mg 1) 0.002+4.3E-4° 0.002+4.4E-4° 0.002+3.3E-4° 0.002+5.3E-4° 0.648
NO,-N (mg 1) 0.05+0.01* 0.06+0.02* 0.06+£0.01* 0.06+0.02* 0.999
NO,-N (mg I'") 0.031+4.4E-2° 0.032+4.6E-2° 0.032+4.5E-2° 0.031+4.4E-2° 1.000
Hardness (mg 1) 116.22+5.29* 121.78+6.34* 119.78+5.37¢ 107.78+9.02* 0.490
Alkalinity (mg 1) 90.22+6.52° 87.78+6.59+° 77.33+6.15° 85.11+6.26* 0.847
*Different superscripts in the same row indicate significant difference (p<0.05)
Table 3. Proximate composition (%) of sunflower meal and experimental diets

Diets

Parameter Sunflower meal SFM 10 SFM 20 SFM 30 ¢
Moisture 11 9.60 +0.35 10.94 +0.02 11.77 £ 0.07 14.89 +0.09
Crude protein 324 30.98 + 0.05 29.38 +0.02 28.96 +0.02 30.96 £ 0.02
Crude fibre 27.9 6.68 +0.03 7.65 +0.01 5.83+£0.01 2.95+0.01
Crude lipid 2.2 4.44 £ 0.06 4.29+0.05 4.52+0.01 2.97+0.04
Total ash 7.1 9.26£0.11 9.02+0.07 9.38 £0.17 9.06 £ 0.03
Gross energy (kcal kg™) 4637 3999 +0.58 3959 +0.87 3939 +0.69 3715+0.52

different dietary treatments (p>0.05) as shown in Table 4.
The highest body mean weight was observed in fish
fed with diets SFM 30% (24.90+0.89 g), followed by
SFM 20% (24.03+0.29 g), SFM 10% (17.32+0.25 g)
and control (13.37+0.15 g) (Fig. 1). Mean body weight
of fish fed with SFM diets showed highly significant
difference with those fed with control diet (p<0.05).
The differences in feed consumption and growth led
to significant differences in FER, SGR, FCR and PER
(Table 4). The best FCR was exhibited in SFM 30%
(1.11£0.01), followed by SFM 20% (1.20+0.03), SFM 10%
(1.27+£0.01) and control (1.3£0.03). The highest value of

SGR was obtained in SFM 30% (5.28+0.02% day™),
followed by SFM 20% (5.22+0.02% day'), SFM 10%
(4.57+£0.06% day™') and in control (4.17+0.02% day™).
The inclusion levels of SFM from 20 to 30% had the best
significant effect on FCR, FER, PER and SGR (p<0.05)
(Table 4). The highest ANPU value was noticed in fish
fed with SFM 10% diet (48.64+0.00) followed by diets
SFM 20% (45.034£0.20), control (44.51+£0.99) and SFM
30% (42.68+£2.04). The value of ANPU was found to
be inversely proportional to the increase in replacement
levels of sunflower meal (Table 4).

Table 4. Growth performance and nutrient utilisation of GIFT tilapia fed with SFM diets (Mean+SE, n=3)

Diets
Parameter
SFM 10 SFM 20 SFM 30 C p<0.05

IW (g) 1.24 £0.02* 1.03+0.01° 1.19+£0.02° 1.18 £0.03* 0.215
FW (g) 17.32 £ 0.25° 24.03 £ 0.29% 24.90 £0.51° 13.37 £ 0.154 1.47E-7
LWG (g) 15.57 £ 0.55° 22.99 £+ (.29 23.72 £0.50% 12.19 £ 0.15¢ 7.90E-8
FI (g fish! day™) 0.32+0.01° 0.45+0.01° 0.44+£0.01* 0.26 £0.01° 1.17E-6
WMG (g fish! day™) 0.26 £0.01* 0.38 +£0.01% 0.39+£0.01% 0.20 +0.00¢ 1.47E-7
SGR (% day™) 4.57 £ 0.06* 5.22 £0.02% 5.28 £0.02% 4.17+£0.02¢ 6.79E-8
FCR 1.27+£0.01? 1.20 £ 0.03% 1.11 £0.01% 1.3+£0.032 3.63E-5
PER 0.50 £ 0.02? 0.78 £0.01% 0.82 £ 0.02% 0.39 £+ 0.00¢ 4.75E-8
FER (%) 0.79 £0.01° 0.83 +0.03% 0.90+0.01% 0.77 £0.03* 6.80E-6
ANPU (%) 48.64 £ 0.00° 45.03 £0.20%® 42.68 £2.04® 44.51 £0.99* 0.033
ER (%) 13.41 £ 0.25° 12.51 +£ 0.62° 13.02 + 1.62° 17.32 £ 0.02% 0.017
SR (%) 95.56 + 4.44° 97.78 £2.22¢ 95.55+2.22° 93.33 +3.85° 0.827

» bedDjfferent superscripts in the same row indicate significant difference (p<0.05). IW=Initial weight, FW=Final weight, LWG=Live weight gain,
FI=Feed Intake, MWG=Mean weight gain, FCR=Feed conversion ratio, PER=Protein efficiency ratio, FER=Feed efficiency ratio, ANPU=Apparent net
protein utilisation, ER=Energy retention, SR=Survival rate, C=Control, SFM=Sunflower meal, 10, 20 and 30=Percent inclusion level.
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Fig. 1. Increase in body weight of GIFT tilapia fed with various
levels of SFM incorporated diets during the experimental
period

Whole body composition of GIFT tilapia fed with SFM
diets

Analysis of fish whole body composition revealed
that with increasing dietary SFM levels, whole body
protein, ash and moisture contents showed significant
difference among dictary treatments (p<0.05). Those
fish fed control diet showed relatively higher values of
energy retention compared to fish fed with SFM diets and
were highly significant among the fish fed on SFM diets
(Table 5). Crude protein level was found to decline with
increment in incorporation level of sunflower in the diet.

Whole body amino acid analysis of fish fed with SFM diets

The whole body amino acid composition of fish
fed with SFM diets are shown in Table 6. Indispensable
and non-indispensable amino acids, increased up to 20%
and began to decline at 30% of SFM inclusion levels
except valine and proline which increased gradually with
increment of SFM level in the diet. Quantity of glutamic
acid was higher in 10% SFM incorporated feed when
compared to 20 and 30% of SFM incorporated diets.

Dietary supplementation of SFM at different
levels significantly (p<0.05) affected the whole body
amino acid profile of GIFT tilapia. Indispensable and
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non-indispensable amino acids were found to be higher in
fish fed with 10 and 20% SFM diets.

Discussion

The present study revealed that soybean meal protein
can be replaced with sunflower meal protein in diets of
GIFT tilapia fingerlings at 20 and 30% inclusion levels
without compromising growth performances and feed
efficiencies. The increased SFM levels from 10 to 30%
in diets improved SGR, FER, FCR and PER. Optimum
growth and feed utilisation was observed when SFM
was included up to 30% level (Table 4). Results of the
present study are in partial agreement with the findings of
Olvera-Novoa ef al. (2002), who found that Nile tilapia
diets which contained 10 and 20% sunflower meal
provided the best growth performance and feed efficiency.
El-Saidy and Gaber (2002) showed that upto 50%
dehulled sunflower meal protein can be used to replace
fish meal as a protein source in the diet of Nile tilapia,
Oreochromis niloticus without significant effect on weight
gain. Fagbenro and Davies (2000) found that replacing
67% of fish meal by sunflower meal significantly (p<0.05)
decreased weight gain of Nile tilapia. Abdul-Aziz ef al.
(1999) described the possibility of partial substitution of
soybean protein by sunflower protein upto 50% without
adverse effect on body weight of Nile tilapia fingerlings.
Sanzet al. (1994) evaluated the nutritive potential of
sunflower meal protein as compared to soybean meal and
fish meal protein in trout diets and found that, sunflower
meal protein could replace upto 40% of fish meal protein
or soybean meal protein in the diet without any negative
effect on fish body weight. In the present study, replacing
soybean meal by sunflower meal in GIFT tilapia diet upto
30% inclusion level did not significantly affect SGR,
FCR, FER and PER. Jackson et al. (1982) found that upto
25% of sunflower meal (Helianthus annuus) could replace
fish meal protein without significant effect on the growth
of Mozambique tilapia (Oreochromis mossambicus)
under laboratory conditions. Olvera-Novoa et al. (2002)
documented that redbreast tilapia (Tilapia rendali) fed
with diets containing 10 and 20% sunflower protein source

Table 5. Whole body proximate composition of GIFT tilapia fed sunflower meal diets (Y%owet weight basis, mean + SD, n=3)

Diets

Parameter Initial (0) SFM 10 SFM 20 SFM 30 C p<0.05
Moisture (%) 11.28+0.20* 5.64 £0.35° 6.68+0.46° 6.28+0.29° 5.2140.13% 4.59E-7
Crude protein (%) 54.00+0.23* 69.07 £0.23° 67.23+0.29¢ 66.36 £0.44% 67.78+0.35b¢ 1.0E-10
Crude fibre (%) 1.64+0.23* Not found Not found Not found Not found 0.004
Ether extract (%) 16.60+0.29° 14.57 £0.29* 15.40+0.35®  15.17+0.52® 16.39+0.19° 0.009
Total ash (%) 15.25+0.14* 11.12 £0.12° 11.8240.23% 12.54+0.29 11.2840.23% 4.31E-7
Gross energy (kcal kg™) 4735+0.58° 5279 £0.69° 52544+0.81°¢ 5183+0.58¢ 5378+0.87¢ 2.1E-23

sbedeDifferent superscripts in the same row indicate significant difference (p<0.05)
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Table 6. Whole body amino acid composition (mg 100 mg') of GIFT tilapia fed diets with different levels of SFM (Mean+SE, n=3)

Amino acids

Initial

C

Essential amino acids

Arginine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Valine

1.754+0.0075*
0.803+0.0017*
1.423+0.0132*
2.299+0.0109°
2.098+0.0519°
1.720+0.0635*
1.4524+0.0063*
1.565+0.0144*
1.7124+0.0063*

2.604+0.0023°
0.909+0.0005*
1.538+0.0103°
2.969+0.0138°
3.218+0.0103°
2.047+0.0075°
1.664+0.0080°
1.937+0.0040°
1.950+0.0288°

Non-essential amino acids

Aspartic acid
Glutamic acid
Serine
Glycine
Alanine
Proline

3.201+0.0115°
4.68+0.1096*

1.454+0.00232
2.720+0.0115®
2.300+0.1154°
1.857+0.0155*

4.644+0.0179°
5.996+0.0086°
1.945+0.0057°
3.882+0.0098"
2.965+0.0086°
2.267+0.0040°

Diets

SFM 10 SFM 20 SFM 30 p<0.05
2.892+0.0127¢ 2.848+0.0034¢ 2.628+0.0103° 2.07E-15
0.823+0.0066° 0.588+0.0046¢ 0.588+0.0103¢ 7.02E-12
1.992+0.0404¢ 1.877+0.0155¢ 1.694+0.0080¢ 1.83E-8
3.461+0.0178¢ 3.258+0.0161¢ 3.077+0.0127¢ 8.76E-13
3.597+0.0098¢ 3.172+0.0115" 3.256+0.0167° 2.10E-11
2.134+0.0178° 2.253+0.0127° 1.426+0.0092¢ 1.88E-8
2.118+0.0057¢ 2.078+0.0098¢ 1.883+0.0075¢ 1.25E-13
1.984+0.0138° 1.967+0.0051° 1.952+0.0230° 491E-9
2.245+0.0086° 2.181+0.0461° 2.577+0.0098¢ 4.23E-9
5.892+0.0184¢ 5.100+0.0577¢ 4.431+0.0173¢ 3.61E-13
6.183£0.0190° 5.799+0.0236 5.473+0.01324 1.301E-8
2.254+0.0063¢ 1.972+0.0127° 1.901+0.0121¢ 4.14E-13
3.717+0.0080¢ 3.998+000635¢  3.913+0.0069° 9.25E-16
3.010+0.0057° 2.890+0.1270° 3.038+0.0150° 2.50E-4
2.1390+0.0121°  2.172+0.0069¢ 2.306+.0034° 1.36E-10

ab.e.de Different superscripts in the same row indicate significant difference (p<0.05)

and fish meal as the sole protein source exhibited similar
growth performances and feed efficiencies. Bilguven
and Baris (2011) reported similar growth performance in
rainbow trout (Oncorhyncus mykiss) fed with either 65%
sunflower meal or standard FM diets. However, Tahir et al.
(2008) observed non-ideal growth performance of Indian
major carps catla (Catla catla) and rohu (Labeo rohita)
fed diets incorporating 20, 40 and 60% sunflower seed
meal. The variation in results among the studies might be
due to differences in diet composition, protein level and
quality of plant feedstuff source used, culture conditions
such as temperature and dissolved oxygen fluctuations,
genetics of fish, species difference, quantity of amino acid
required by fish, digestibility and age (size of fish).

Garcia-Gallego et al. (1998) demonstrated that,
100% replacement of fish meal with SFM and essential
amino acids exhibited maximum growth performances
and feed efficiencies compared to 50 and 100% fish
meal replacement without essential amino acids
supplementation. The essential amino acids have been
added in 100% fish meal replaced diet in order to fulfil the
optimum dietary amino acid requirement of fish.

Sanz et al. (1994) also obtained an improvement
in the growth of rainbow trout when diets containing
SFM protein were enhanced with leucine, lysine and
methionine, with better results than diets containing
fishmeal or SFM without enhancement. Results related to
sunflower meal presented in Table 4 are also in agreement
with the outcomes of Tacon et al (1984), Martinez
(1986) and Sanz et al. (1994) who reported that sunflower

seed meal is known to be used successfully by trout at
low level and by tilapia (Jackson et al.,, 1982) at higher
levels with the addition of methionine. Martinez (1986)
completely substituted soybean meal with sunflower meal
in trout diet and recommended that the replacement is
without negative effects. The FCR (1.1140.01; 1.20+0.03)
and PER (0.78+0.01; 0.82+0.02) values obtained in the
present study at SFM 20% and SFM 30% inclusion levels
respectively, are better than those reported by El-Sayed
(1998) (FCR = 1.86; PER = 1.55), which were obtained
by using expensive animal proteins. The best FCR,
FER and PER in this study were found with SFM 20%
and SFM 30%. Abdul-Aziz et al. (1999) observed that,
replacement of soybean meal by sunflower meal at 25 or
50% significantly affected FCR of Nile tilapia. Amino
acid profile of carcass reflects the ideal protein pattern of
given tissue and can be used to predict protein utilisation
in many fish species (NRC, 2011). In this study, dietary
supplementation of SFM significantly affected the whole
body protein, ash and moisture contents in GIFT tilapia,
which might be due to the changes in protein source in
the dietary treatments. Similar to the results of this
study, Prabu et al. (2019) observed significant differences
in the whole body protein content of GIFT tilapia fed
graded levels of DL-methionine supplemented diets.
Infact, changes in the protein source as well as amino
acid pattern of the diet also had great impact on the
influence of whole body chemical composition. In the
present study, amino acid availability generally reflected
protein digestibility. Amino acid profile of whole body
decreased with increasing SFM levels in the diets. In



Ruminsha Benedicto Christopher et al.

European seabass, Spyridakis et al. (1988) found similar
results with diets containing soybean meal. With regard
to whole body amino acid composition of GIFT tilapia,
Prabu et al. (2019) documented significant differences in
whole body lysine, methionine and tryptophan. The study
of Furuya et al. (2000) found that, increasing sunflower
meal in tilapia diets bring a quadratic effect (p<0.05) on
PER of Nile tilapia. Results of the present study revealed
that incorporation up to 30% of dietary SFM protein could
replace SBM protein in the diets of GIFT tilapia enabling
better growth performance, feed utilisation and survival.

Acknowledgments

The authors wish to extend their gratitude to
Dr. M. G. R. Fisheries College and Research Institute
(Dr. M. G. R. FC and RI), Muttukadu Mill plant and Tamil
Nadu Dr. Jayalalithaa Fisheries University (TNJFU) for
provision of space, equipment, supply of feed ingredients
and preparation of experimental feed for this study. This
study was funded by the Indian Council of Agricultural
Research (ICAR), New Delhi, under the India-Africa
Fellowship Programme 2017-18.

References

Abdul-Aziz, G., El-Nady, M., Shalaby, A. and Mahmoud, S.
1999. Partial substitution of soybean meal protein by
different plant protein sources in diets for Nile tilapia
fingerling. Bulletin of the Faculty of Agriculture University
of Cairo, 50: 189-202.

APHA 2005. Standard methods for the examination of the
water and wastewater, 22" edn. American Public Health
Association, Washington, D. C., USA.

AOAC 2005. Official methods of analysis, 18" edn. Association
of Official Analytical Chemists, Arlington, Virginia, USA.

Bene, C. and Heck, S. 2005. Fish and food security in Africa.
NAGA, WorldFish Center Q., 28: 8-13.

Bilguven, M. and Baris, M. 2011. Effects of the feeds containing
different plant protein sources on growth performance and
body composition of rainbow trout (Oncorhynchus mykiss,
(W.). Turkish J. Fish. Aquat. Sci., 11: 345-350.

El-Saidy, D. and Gaber, M. 2002. Evaluation of hulled
sunflower meal as a dietary protein source for Nile tilapia,
Oreochromis niloticus (L.), fingerlings. Ann. Agric. Sci.,
40: 831-841.

El-Sayed, A. F. 1998. Total replacement of fish meal with animal
protein sources in Nile tilapia, Oreochromis niloticus (L.),
feeds. Aquac. Res., 29: 275-280. https://doi.org/10.1046/].
1365-2109.1998.00199.x.

Fagbenro, O. A. and Davies, S. J. 2000. Use of oilseed meals
as fish meal replacers in tilapia diets, Proceeding of the
5™ International Symposium on Tilapia in Aquaculture
(ISTA 5). 3-7 September 2000, Rio de Janeiro, Brazil, p. 3-6.

87

FAO 2009. The state of world fisheries and aquaculture. Food
and Agriculture Organization of the United Nations, Rome,
Italy.

FAO 2016. The state of world fisheries and aquaculture. Food
and Agriculture Organization of the United Nations. Rome,
Italy.

Gal, D., Pekar, F., Kerepeczki, E. and Varadi, L. 2007.
Experiments on the operation of a combined aquaculture-
algae system. Aquac. Int., 15: 173-180.

Furuya, V., Furuya, W., Hayashi, C. and Soares, C. 2000.
Inclusion levels of sunflower meal in diets for juvenile Nile
tilapia (Oreochromis niloticus). Zootecnia Tropical, 18:
91-106.

Garcia-Gallego, M., Akharbach, H. and De la Higuera, M. 1998.
Use of protein sources alternative to fish meal in diets
with amino acids supplementation for the European eel
(Anguilla anguilla). Anim. Sci., 66: 285-292. DOI: https://
doi.org/10.1017/S1357729800009073.

Hertrampf, J. W. and Piedad-Pascual, F. 2000. Handbook on
ingredients for aquaculture feeds. Kluwer Academic
Publishers, Dordrecht, Netherlands, 624 pp.

Heuze, V., Tran, G., Noziere, P., Lessire, M. and Lebas, F.
2015. Linseed meal. Feedipedia, a programme by INRA,
CIRAD, AFZ and FAO.

Inturrisi, L. 2015. Asia and Australia perspectives on sunflower
production and processing. In: Sunflower: Chemistry,
production, processing and utilization. Elsevier, Amsterdam,
Netherlands, p. 639-653. https://doi.org/10.1016/B978-1-893
997-94-3.50026-X.

Jackson, A., Capper, B. and Matty, A. 1982. Evaluation of some
plant proteins in complete diets for the tilapia Sarotherodon
mossambicus. Aquaculture, 27: 97-109.

Martinez, C. 1986. Advances in the substitution of fish meal and
soybean meal by sunflower meal in diets of rainbow trout
(Salmo gairdneri L.). An. Inst. Cienc. Mar. Limnol. Univ.
Auton. Mexico, 13: 345-352.

Olvera-Novoa, M. A., Olivera-Castillo, L. and Martinez-Palacios,
C.A.2002. Sunflower seed meal as a protein source in diets
for Tilapia rendalli (Boulanger, 1896) fingerlings. Aquac.
Res., 33: 223-229. https://doi.org/10.1046/j.1365-2109.
2002.00666.x.

Prabu, E., Rajagopalsamy, C., Ahilan, B., Jeevagan, J. M. A. and
Renuhadevi, M. 2018. Effect of dietary supplementation of
biofloc meal on growth and survival of GIFT tilapia. Indian
J. Fish., 65: 65-70.

Prabu, E., Felix, N., Ahilan, B., Antony, C. and Uma, A. 2019.
Effects of dietary supplementation of DL-Methionine on
growth and whole body amino acid profile of Genetically
Improved Farmed Tilapia. J. Coast. Res., 86: 90-95.
DOI: 10.2112/S186-013.1.

Sanz, A., Morales, A., De la Higuera, M. and Gardenete, G. 1994.
Sunflower meal compared with soybean meals as partial


https://doi.org/10.1046/j.1365-2109.1998.00199.x
https://doi.org/10.1046/j.1365-2109.1998.00199.x
https://doi.org/10.1017/S1357729800009073
https://doi.org/10.1017/S1357729800009073
https://doi.org/10.1016/B978-1-893997-94-3.50026-X
https://doi.org/10.1016/B978-1-893997-94-3.50026-X
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2112%2FSI86-013.1

Sunflower meal to replace soybean meal in GIFT tilapia diet

substitutes for fish meal in rainbow trout (Oncorhynchus
mykiss) diets: protein and energy utilisation. Aquaculture,
128: 287-300.

Spyridakis, P., Gabaudan, J., Metailler, R. and Guillaume, J.
1988. Digestibility of proteins and availability of amino
acids from some raw materias in seabass (Dicentrarchus
labrax). Reprod. Nutr. Dev., 28: 1509-1517 (In French).

Steele, R. and Torrey, J. 1980. Principles and procedures of
statistics: A biometrical approach. McGraw & Hill. Inc.,
New York, USA, 593 pp.

Stickney, R. 1979. Principles of warmwater aquaculture. John
Wily and Sons Inc., New York, USA, p. 21-260.

Tacon, A. and Rodrigues, A. 1984. Comparison of chromic
oxide, crude fibre, polyethylene and acid-insoluble ash as

Date of Receipt :19.07.2019
Date of Acceptance : 09.09.2020

88

dietary markers for the estimation of apparent digestibility
coefficients in rainbow trout. Aquaculture, 43: 391-399.
https://doi.org/10.1016/0044-8486(84)90247-3.

Tahir, M. Z. 1., Ahmed, 1., Mateen, A., Ashraf, M., Naqvi, Z. and
Ali, H. 2008. Studies on partial replacement of fish meal
with oilseeds meal in the diet of major carps. Int. J. Agric.
Biol.,10: 455-458.

Tiamiyu, L., Okomoda, V. and Iber, B. 2013. Growth response
of Clarias gariepinus fingerlings fed diet substituted
groundnut cake meal and cotton seed meal. Livest. Res.
Rural Dev., 25 (5): 1-7.

Wang, M. and Lu, M. 2016. Tilapia polyculture: A global review.
Aquac. Res., 47: 2363-2374. https://doi.org/10.1111/are. 12708.


https://doi.org/10.1016/0044-8486(84)90247-3
https://doi.org/10.1111/are.12708

