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Abstract
In this study, the effects of diets (D1-3) including fish meal (FM), hazelnut meal (HM),
soybean meal (SM), and phytase enzyme [- (0),+(1000 FTU)] in varying rates (D1-,
D1+; D2-, D2+; D3-, D3+) were examined on nitrogen and phosphorus discharge based on
the nutrition of rainbow trout (Oncorhynchus mykiss) juveniles. The study was
conducted in tanks with 3 replicates for each group. In this trial, it was found that the
differences among total-particle nitrogen, particle phosphorus, and total solid waste
values released from the rainbow trout groups were insignificant; however, the
differences between the values of total-dissolved phosphorus and dissolved nitrogen
released were found significant (p<0.05).The interactions among the factors were
determined as insignificant (p>0.05). Moreover, although there were increases in the
total and dissolved phosphorus and dissolved nitrogen discharge in all groups fed with
diets including phytase, the particle phosphorus discharge decreased (p<0.05). Based on
the decrease in the amounts of hazelnut meal and soybean meal used in the diets, it was
determined that there was a decrease in the amount of dissolved phosphorus released to
the environment; besides, it was determined that it led to an increase in the amount of
released dissolved phosphorus in all groups fed with diets containing phytase enzyme
(p<0.05).
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Introduction
Along with the development of
aquaculture, demand for these products
has also increased on a global scale. As
a result of this, organic and inorganic
waste loads have increased causing
contamination
and
serious
apprehensions (Frankic and Hershner,
2003; Subasinghe et al., 2009; Herath
and Satoh, 2015). It was reported that
potential contaminators are dissolvedparticle nitrogen and phosphorus
(Herath and Satoh, 2015). The fish
receive nitrogen and phosphorus from
the feeds and they use a small portion
of them in their biological cycle;
however, it is reported that the rest is
released into the ecosystem in particle
forms. It was stated that metabolic
waste and unconsumed feed sources
were the most contaminative nutrient
inputs to the coastal and marine
environments from the fish farms.
According to the asserted hypothesis, it
was reported that 18.5% of the nitrogen
and 14.3 % of the phosphorus in the
feeds were consumed by the fish;
81.5% of the nitrogen and 85.7% of the
phosphorus were released into the
environment for each ton of fish
production (Islam, 2005).
Reduction/removal of nitrogen and
particularly ammonia is vital for the
ideal quality of water in aquaculture, as
well as for the well-being and health of
the fish. It is because the ammonia
released based on catabolism of feed
protein may cause stress in the fish,
preventing their growth; therefore it is
reported as a limiting factor and a
problem (Crab et al., 2007; Dalsgaard
and Pedersen, 2011).

In recent years, important legal
regulations were made as a solution to
environmental problems caused by
these reasons (Subasinghe et al., 2009).
In this context, in many countries good
management impelementations have
been obligatory such as selection of
production site and the sources,
enhancement of the feed and feeding
programs, prevention of fish escape,
control of predators, removal of the
dead fish, control of the deseases,
inspection of the use of chemicals and
drugs, removal of the solid waste, and
waste treatment (Cho and Bureau,
2001; Tacon and Forster, 2003; Tucker
et al., 2008). In this regard, a good
example can be inland waters of Europe
that are quite clearer compared to 25
years before (EEA, 2015). Big amounts
of droppings were released daily from
intense aquaculture systems, and the
level of the organic waste discharged
from these systems varied based on the
quality, amount, digestibility, and usage
proportions (Dalsgaard and Pedersen,
2011). Demir (2011) stated that the 3070% of the total cost in aquaculture was
the cost of feeds. Based on the growth
of the aquaculture sector, the fish feed
industry increased the unit cost of the
feeds since they started using imported
fish meal. It was stated that, instead of
fish meal, the sector is inclined towards
using various herbal seeds and the
legumes in feed production as protein
sources (Ruohonen, et al., 2007;
Granada et al., 2016). It was reported
that the antitripsin factor found in some
legumes is largely removed by heat
application, which is then used in
feeding animals (Uysal and Bekcam,
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2006; Harlıoğlu, 2011). Important
findings were reached on the usage of
hazelnut meal instead of fish meal in
the diets (Emre et al., 2008a, Emre et
al., 2008b; Sevgili et al., 2009a, Sevgili
et al., 2009b). It was mentioned that,
soybean protein can be used partially
instead of fish meal in feeds to decrease
environmental pollution based on feeds,
without compromising the live weight
of fish and without benefiting from the
feeds in rainbow trout production
(Vielma et al., 2000). Phosphorus was
reported to be an important limiting
nutrient for life in freshwater systems,
and it was also reported that, through
various human activities (eg. industrial
and municipal sewage treatments,
aquaculture), the excessive amount of
phosphorus entering the lake ecosystem
through rivers caused eutrophication
and algal blooms (Jia et al., 2015). It
was reported that nitrogen loss in
aquaculture in cages varied between
72% and 79% and that approximately
82% of the waste was in the dissolved
form. In aquaculture, 65-90% of total
nitrogen loss is released via gills and
metabolic droppings. Waste nitrogen is
in the form of ionized and non-ionized
ammonia. The risk of eutrophication is
increasing with the involvement of
nitrogen in the receiving environment.
The amount of nitrogenous and
phosphorus wastes entering the
receiving environment depends on the
protein level and digestibility of the
feed. Phosphorus requirements of
young salmon fish were reported to be
0.25-0.4 g MJ-1 digestible energy
(Vielma et al., 1998). In seeds,
phosphorus is involved in the structure

of phytic acid; and it is also reported
that the utilization of minerals along
with the digestion of protein and starch
is also reduced due to the ability of
phytic acid molecules to chelate.It is
also reported to inhibit the activity of
the enzyme α-amylase and trypsin by
binding calcium (Thompson et al.,
1987). Phytase enzymes (myo-inositolhexakisphosphate-3-phosphohydrolase)
are separated from each other by 3phytase (in microorganisms) and 6phytase (plants) according to binding of
inositol, in its structure, to the carbon
atom. Because phoshorus in legumes is
phytate, its use and bioavailability by
fish and all monogastric animals is very
low. It was reported that when
phosphorus is inadequately utilized in
the feeding process it causes
phosphorus insufficiency; in this case, it
leads to an increase in the cost of feed
production as it requires the addition of
inorganic phosphorus to mixed feeds.
However, it was reported that the use of
feed supplemented with phytase
enzyme significantly increased the
value of fish and the profit index
(Orisasona et al., 2017). The use of
microbial enzymes in biotechnological
applications is also stated to be
promising.
The addition of phytase enzyme to
feeds increases digestibility of feed
minerals, protein-amino acids, and
starch; it also increases the conversion
rates from feed, thus reducing fecal
contamination caused by animal waste
(Cao et al., 2007). The use of the 2000
FTU phytase enzyme in the diet was
reported to significantly reduce
phosphorus discharge (Biswas et al.,

4

2007). It was suggested that the
addition of phytase enzyme to the diet,
which contained a high amount of
herbal protein and a low level of
phosphorus, would be advantageous for
fish and the environment. However, it
was noted that fungal phytase should
not be added to diets, which meet the
requirements of the fish with their
phosphorus levels, but would lead to a
significant increase in the amount of
dissolved and suspended phosphorus
waste (Dalsgaard et al., 2009). It was
reported that the increase in the amount
of herbal protein in the diets reduced
the utilization of the phosphorus in the
fish diet (Cheng et al., 2010). For an
estimated production of 1 ton of tilapia
(O. niloticus), 14.8 kg phosphorus was
discharged to the receiving environment
(David et al., 2015). In offshore cage
systems, the amounts of total,
dissolved, and particle nitrogen
discharged
into
the
receiving
environment during the production of
one ton of fish were 44.4 kg, 37.5 kg,
6.9 kg, respectively; and the amounts of
total, dissolved, and particle phosphorus
values were 5.7 kg, 2.5 kg and 3.2 kg,
respectively (Maar et al., 2018 ). It was
reported that phosphorus discharge to
the receiving environment was 9.38 kg
in the production of one ton of trout,
and phosphorus discharge was 8.09 kg
in utilization of an average 1 ton of feed
(Pulatsü et al., 2004). In the production
of one ton of fish, 180 kg of solid
waste, 13 kg of phosphorus and 105.4
kg of nitrogen were discharged to the
receiving environment (Hasan, 2001).
In trout production, the amounts of
droppings released, total feed-based

substances, particles, and dissolved
nitrogen, and phosphorus discharge
were reported as 236, 12.8, 5.3, 41.3
and 3.4 kg ton-1 fish, respectively in
2003, and these values were reported
as, respectively, 220, 12.3, 5.3, 38 and
3.4 kg ton-1 fish, respectively in 2004. It
was estimated that more than 60% of
phosphorus waste in cages was in
particle form, which was the same in
2003 and 2004, but more than 65% of
total nitrogen was in ammonia form.
The amount of dissolved and particle
phosphorus and ammonia did not differ
according to the locations of the cages,
and that it was effectively removed via
nitrification by the biota (Azevedo et
al., 2011). It was reported that, the feed
loss varied between 8.56-52.2%, and
the total particle discharge amount
varied between 59.17-134.71 kg day-1
in the production of sea bream and sea
bass in the offshore cages (BallesterMoltó et al., 2017). Aşır and Pulatsu
(2008) found that, for the production of
one ton of rainbow trout in a dam lake,
when using pellet feeds, 54.00-62.92 kg
nitrogen
and
10.66-12.17
kg
phosphorus were discharged to the
receiving environment; and when
extruder feeds were used, 33.47-25.97
kg nitrogen and 7.32-7.96 kg
phosphorus were discharged. The
amounts of nitrogen and phosphorus
released into the lake were estimated by
these enterprises to be 44.00-45.56 kg
and 8.38-8.82 kg, respectively, using a
ton of pellet feed; and these values were
estimated as 20.66-26.77 kg and 5.856.34 kg respectively, using extruder
feeds. It was reported that, for the
production of one ton of fish in cages
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with feeds including 7.2 % phosphorus
and 0.9 % nitrogen, the amounts of
dissolved nitrogen and phosphorus
released to the receiving environment
were 61 kg and 2.2 kg, respectively.
Additionally, there were 17 kg particle
nitrogen
and
7.3
kg
particle
phosphorus. Moreover, the conversion
rate was reported as 1.5 (Ackefors and
Enell, 1990). It was reported that the
feed conversion rate of salmon, which
were fed with feeds including 7.0%
nitrogen and 1.3% phosphorus, was 1.1;
its body dry weight was 10% N and
3.2% P; and nitrogen and phosphorus
nutrient loads of one ton of feed were
47.7 kg and 5.7 kg, respectively (Boyd
and Querioz, 2001). In the production
of one ton rainbow trout in tanks, the
feed conversion rate was estimated as
1.83, total nitrogen discharge as 124.2
kg and total phosphorus as 25.6 kg.
They found 2.58% nitrogen and 0.40%
phosphorus in the meat of the produced
fish (Foy and Rosell, 1991). It was
stated that by changing the contents of
the feed used for aquaculture, the
discharge load of nitrogen and
phosphorus released from the facilities
of enterprises can be reduced. As an
exapmle, in Sweden, feeds used for
trout feeding in the early 1990s
contained 1.2-1.4% phosphorus, and
this rate was reduced to 0.8% with the
development of quality feeds in the
later period, It was reported that in the
production of 1 ton of trout 29 kg of
phosphorus was discharged into the
receiving environment until 1985; as a
result of these developments, this value
was decreased by 15 kg in recent years
(Midlen and Redding, 1998). The

addition of phytase enzyme to the
rainbow trout feed increased utilization
of the phosphorus concentrate of
soybean protein in the feed and reduced
the phosphorus load by 58% compared
to the group, which was fed with a
phytase-free feed. Moreover, it was
reported that cholecalciferol added to
the feed in moderate levels reduced
phosphorus release (Vielma et al.,
1998). Bureau and Cho (1999) stated
that phosphorus waste was particularly
in the dissolved form in fish farming
activities and that effective phosphorus
adsorption
was
decreased
with
increasing
phosphorus
intake.
Hernandez et al. (2004) reported that
phosphorus retained in the body of the
rainbow trout, which were fed with feed
containing 15-20% less fish meal and
0.8-0.9% less phosphorus compared to
the control group, was higher (56% and
69%, respectively) than that of the
group, which was fed with feed
containing higher phosphorous and
nitrogen contents; however, the
retainment rate of nitrogen was similar
in all groups. They found that the
proportion of phosphorus and nitrogen
retained by the large fish was lower
than that of the small fish. The amount
of phosphorus load released to the
water was determined as 5.9 kg ton-1 in
the group fed with the trial feed,
whereas it was 12.8 kg ton-1 in the
control group.
In this study, trial diets were
prepared containing different amounts
of hazelnut meal, soybean meal, fish
meal, and phytase enzyme. The effects
were examined on the total, dissolved,
and particle nitrogen and phosphorus
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discharged to the receiving environment
by rainbow trout (Oncorhynchus
mykiss) groups, which were fed with
these diets. It was aimed to reduce the
released
amounts
of
nitrogen,
particularly phosphorus, in order to
provide
more
economical,
environmental,
and
sustainable
aquaculture.
Materials and methods
Experimental conditions and the diets
In this study, 750 rainbow trout (O.
mykiss) offspring (average live weight
27.82±0.04 g) obtained from a private
company were used at the Kepez Trout
Unit of the Mediterranean Fisheries
Research, Development and Training
Institute. After the fish were kept in

quarantine for 15 days, the trial period
used in the experiment was planned to
be 75 days. The raw materials used in
the diets (Table 1) were obtained from
Kağsan Blacksea Food and Agriculture
Industry Inc. In the trial, six diets were
used in feeding the offspring of the
rainbow trout; the diets were prepared
with equal crude protein values (% 42
HP) as not-including phytase enzyme
“0 FTU” (-) and including phytase
enzyme “1000 FTU” (+), with fish meal
protein (FMP), hazelnut meal protein
(HMP), and soybean meal protein
(SMP) in different ratios (D1-,+=%30
FMP+%35 HKMP+%35 SMP; D2,+=%40 FMP+%30 HKMP+ %30 SMP;
D3-,+ =%50 FMP+%25 HKMP+%25
SMP).

Table 1: Raw material ratios and contents distribution of the trial diets (%)*.
Diets
Raw materials
% CP
D1 D1 +
D2 D2+
D3D3 +
Phytase (FTU)
0
1000
0
1000
0
1000
Fish Meal
70
18
18
24
24
30
30
Soybean Meal
49
28.8
28.8
24.8
24.8
20.4
20.4
Hazelnut Meal
45
33
33
27.8
27.8
23
23
Corn gluten
60
2.4
2.4
1.7
1.7
1
1
Wheat flour
13
1.64
1.64
2.99
2.99
5.49
5.49
Corn flour
9
0
0
3.85
3.85
7.05
7.05
Mixed vitamin
0.5
0.5
0.5
0.5
0.5
0.5
Mixed mineral
0.11
0.11
0.11
0.11
0.11
0.11
Fish oil
14.4
14.4
13.1
13.1
11.3
11.3
Carboxymethyl
Cellulose
0.5
0.5
0.5
0.5
0.5
0.5
Choline chloride
0.15
0.15 0.15
0.15
0.15
0.15
Chromic oxide
0.5
0.5
0.5
0.5
0.5
0.5
Unit diet
100
100
100
100
100
100
* Diet „D‟; D1-,+ = %30 FMP + %35 HMP + %35 SMP; D2-,+ = %40 FMP + %30 HMP + %30 SMP; D3,+ = %50 FMP + %25 HMP + %25 SMP; Phytase „F‟, 0 FTU „-„; 1000 FTU „+‟. CP= Crude protein

The study was conducted in 18 trial
tanks (400 L) in 6 different groups with
3 replicates, each stocked randomly
with 25 fish. The fish were fed in the
morning and evening at a rate of
approximately 2% of the daily body
weight. Each tank was supplied with 12

L min-1 of water. In the trial, the water
temperature was 17.5±0.52 °C, the
dissolved oxygen content was 9.2±0.55
mg L-1, and the pH was 8.0±0.08. The
prepared trial diets were kept at +4 °C
until they were used.
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Analyses and measurements
In this study, the nitrogen and
phosphorus amounts released to the
environment by the rainbow trout
groups which were fed with trial diets
were measured. Moreover, feed
conversion rates were periodically
calculated, determining the feed

Diets

requirements. Dry matter, crude
protein, crude lipid, crude ash (AOAC,
2000), (Table 2) and chromic oxide
levels in the droppings were determined
using atomic absorption (Perkin Elmer
AAS800) and spectrophotometer (Hach
L`ange BR6000) (Furukawa and
Tsukahara, 1966).

Table 2: The proximate analysis of trial diets (%).
Nutrient distributions of dry matter of the diets
Moisture
DM
CA
CL

CP

D 1-

6.39

93.61

8.53

17.64

42.64

D1+

6.61

93.39

8.71

21.09

42.92

D 2-

6.32

93.68

8.74

14.32

42.54

D2+

6.22

93.78

8.81

18.79

42.44

D 35.93
94.07
8.93
15.04
D3+
6.55
93.45
9.13
18.72
Diets „D„; Dry Matter „DM„; Crude Ash „CA„; Crude Lipid „CL„; Crude Protein „CP„

Phosphorus analyses and calculations
Approximately 250 mg of sample was
weighed in the microwave burning
chambers and 10 mL of concentrated
HNO3 was added. Once the lid was
tightly closed, it was placed on the
Berghof brand microwave (MWS-2)
burner
and
subjected
to
wet
decomposition under the appropriate
program. After the decomposition
transaction the extracted sample was
cooled to the room temperature and 1-2
drops of phenolphthalein was dropped
on them. Subsequently, it was
neutralized using 10 N NaOH until a
pink-orange color was formed. Then,
50% HNO3 was added dropwise until it
turned into light yellow or colorless.
Samples were made up to 50 mL with
distilled water. Phosphorus levels of the
samples were determined using the
vanadate
method
and

42.02
42.86

spectrophotometer (James, 1999). The
released nutrients (Vielma et al., 2002)
were calculated according to Cho and
Bureau (2001) as solid N waste,
dissolved N waste, solid P waste, and
dissolved P waste (g kg-1 fish).
Statistical analysis
Normality of the data was verified by
Shapiro-Wilk W Trial, and their
homogeneity was verified via Bartlett
trial. All of the percentage values were
evaluated after arcsin transformation,
while the differences among the
averages of the trial groups were trialed
via one way variance anlysis
(ANOVA).
Tukey
multiple
comparisons trial was used in
determining the differences. Whether
phytase addition was effective on the
feeds was trialed via the two-way
ANOVA. The analyses were conducted
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via JMP 8.0 Statistical Package
Program (SAS Institute and Inc., 2008),
and the results were given as the
standard
error
of
the
mean
(mean±SEM).
Results
The total solid waste, total, particulate,
and dissolved nitrogen (N) and
phosphorus (P) released were calculated
by taking into account the digestibility
rates of the diets depending on the mass
balance approach and the trial factors
and levels (Tables 1,2,3,4, Figs. 1,2,3).
It was determined that the digestibility
rates of the diet proteins by the trial
group fish varied between 78.11% and
84.37%; it was also detected that the
effects of the "diet protein source" and
"phytase enzyme" factor levels, and the
interactions between the "diet protein

source * phytase enzyme" factors were
similar (p>0.05). However, the relative
digestibility of diet protein of the
groups fed at rates of D1+, D2+, D3+ was
significantly higher compared to the
groups fed at the rates of D1-, D2-, D3-,
which did not include phytase enzyme
(Table 4). The effects of "diet protein
source" and "phytase enzyme" factor
levels, and the interaction between the
"diet protein source * phytase enzyme"
factors on the total amount of solid
waste discharged from the trial groups
were determined to be similar (p>0.05).
The lowest total solid waste was found
in the D3 + group at 443.3 kg ton-1 fish,
while the highest total solid waste was
identified in the D2 - group at 568.4 kg
ton-1 fish (Fig. 1).

Table 3: The amounts of solid waste, total nitrogen, total phosphorus, particle nitrogen, particle
phosphorus, dissolved nitrogen, and dissolved phosphorus released to the receiving
environment from the groups fed with the trial diets (kg ton-1 fish).
Diets¤

Total N
discharge

Total P
discharge

Particle N
discharge

Dissolved N
discharge

Particle P
discharge

Dissolved P
discharge

Total solid
waste

57.88±1.65

12.23±0.75c

13.99±1.34

43.88±1.62ab

6.43±0.61abc

5.80±0.20cd

443.8±49.4

65.41±5.02

15.79±0.71a

14.08±1.44

51.33±3.88a

5.52±0.47b

10.27±0.25a

462.5±60.6

63.92±0.68

12.84±0.34bc

17.89±1.93

46.02±1.63ab

8.45±1.28a

4.40±1.30cd

568.4±67.0

62.19±1.91

14.95±0.42ab

16.27±0.35

45.93±1.60ab

5.42±0.18c

9.53±0.27ab

510.9±6.74

55.61±1.03

11.64±0.28c

17.51±1.93

38.10±2.89b

7.76±0.64ab

3.88±0.57d

550.5±62.1

14.06±0.39abc

14.57±1.03

43.90±1.45ab

6.78±0.60ab

7.28±0.23bc

443.3±36.7

D 1D1+
D 2D2+
D 3D3+
58.47±1.31
Two Way ANOVA
DPS
F

0.067

0.082

0.144

0.040

0.209

0.006

0.280

0.168

0.001

0.230

0.042

0.016

0.001

0.268

DPS*F
0.200
0.356
0.590
0.281
0.275
0.384
0.488
The groups denoted with different letters on the same column are different from each other (p<0.05).
Diets „D1-3‟; Dietary protein source „DPS‟; Phytase „F‟, 0 FTU „-„, 1000 FTU „+‟, Nitrogen„N‟;
Phosphorus „P‟, The interactions between the „diet protein source * phytase enzyme‟ factors „DPS*F‟.
¤

9

The correlation between total nitrogen
and phosphorus discharge and the
digestibility rate of the diet protein
(Table 4, Fig. 3) was found to be
negatively very weak in all groups
except in the D3- group. The correlation
between the total nitrogen discharge
with the digestibility of the diet protein
ratio was found between -0.67 and
+0.88. Similarly, the correlation for
total phosphorus was found to be -0.1

and -1. Moreover, this is also
understood from the values of the
coefficient of determination (R2).
According to this, it can be mentioned
that there are weak relations between
digestibility of the diet protein and the
total discharge amounts from the
groups, such as 40% with the nitrogen
discharge amount and 6% with the
phosphorus discharge amount.

Table 4: The correlation between the protein digestibility rate (PDR) of the diet and total nitrogen
(N) and phosphours (P) discharged.
Diets

Protein
Digestibility
rate
D183.07±1.43
D1+
84.37±1.12
D279.70±2.12
D2+
81.47±0.16
D378.11±2.61
D3+
82.40±1.19
Two Way ANOVA
DPS
0.106
F
0.091
DPS*F
0.629

Total
N discharge
(kg ton-1)
57.88±1.65
65.41±5.02
63.92±0.68
62.19±1.91
55.61±1.03
58.47±1.31
0.067
0.168
0.200

PDR-N
correlation
-0.29
-0.67
-0.45
-0.002
0.88
-0.03

Total
P discharge
(kg ton-1)
12.23±0.75c
15.79±0.71a
12.84±0.34bc
14.95±0.42ab
11.64±0.28c
14.06±0.39abc

PDR-P
correlation
-0.69
-0.85
-0.16
-0.2
-0.92
-1

0.082
0.001
0.356

¤

The groups denoted with different letters on the same column are different from each other (p<0.05).
Diets „D1-3‟; Dietary protein source „DPS‟; Phytase „F‟, 0 FTU „-„, 1000 FTU „+‟, Nitrogen„N‟;
Phosphorus „P‟, The interactions between the „diet protein source * phytase enzyme‟ factors „DPS*F‟;
Protein digestibility rate „PDR‟;

Figure 1: The total, particle, and dissolved nitrogen discharge amounts released to
the receiving environment from the groups fed with the trial diets.
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Figure 2: The total, particle, and dissolved phosphorus discharge amounts released
to the receiving environment from the groups fed with the trial diets.

Figure 3: The correlation between the digestibility rate of the diet proteins and the amounts of total
discharged nitrogen and phosphorus.

It was determined that the effects of the
"diet protein source" and "phytase
enzyme" factor levels and the
interactions between the "diet protein
source*phytase enzyme" factors on the
total discharge amount of the nitrogen
released from the trial groups were
insignificant (p>0.05). The highest total

nitrogen discharge was recorded in the
D1+group as 65.41 kg ton-1 fish and the
lowest was detected in the D3-group as
55.61 kg ton-1 fish (Fig.1).
It was determined that the effects of
the "diet protein source" and "phytase
enzyme" factor levels and the
interactions between the "diet protein
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source*phytase enzyme" factors on the
discharge amount of the particle
nitrogen released from the trial groups
were similar (p>0.05). The lowest
particle nitrogen discharge was
recorded in the D1 - group as
13.99±1.34 kg ton-1 fish and the highest
particle nitrogen discharge was detected
in the D2- group as 17.89 kg ton-1 fish
(Fig. 1).
It was determined that the effects of
the "diet protein source" and "phytase
enzyme" factor levels on the discharge
amount of the dissolved nitrogen
released from the trial groups were
significant (p<0.05); however, the
effects of the interactions between the
"diet protein source*phytase enzyme"
factors were insignificant (P>0.05). The
lowest dissolved nitrogen discharge was
recorded in the D3 - group as 38.10 kg
ton-1 fish and the highest was detected
in the D1+ group as 51.33 kg ton-1 fish
(Fig. 1).
It was determined that the effects of
the "diet protein source" factor level
and the interactions between the "diet
protein source*phytase enzyme" factors
on the total amount of the phosphours
released from the trial groups were
insignificant (p>0.05). However, the
effects of the "phytase enzyme" factor
levels on the total amount of the
phosphours released from the trial
groups were determined as significant
(p<0.05). The highest total phosphorus
released from the trial groups was
recorded in the D1+group as 15.79 kg
ton-1 fish and the lowest was detected in
the D3-group as 11.64 kg ton-1 fish
(Table 3, Fig. 2). It was determined that
the effects of the "diet protein source"

factor and the interactions between the
"diet protein source*phytase enzyme"
factors were insignificant (p>0.05) on
the discharge amount of the particle
phosphorus released from the trial
groups; while the effect of "phytase
enzyme" factor on the discharge
amount of the particle phosphorus
released from the trial groups was
detected as significant (p<0.05). The
highest total phosphorus released from
the trial groups was recorded in the D2group as 8.45 kg ton-1 fish and the
lowest was detected in the D2+ group as
5.42 kg ton-1 fish (Fig. 2). It was
determined that the effects of the
interaction between the "diet protein
source*phytase enzyme" factors on the
amount of the dissolved phosphours
released from the trial groups were
insignificant (p>0.05); however, the
effects of the "diet protein source" and
"phytase enzyme" factor levels on the
amount of the dissolved phosphours
released from the trial groups were
determined as significant (p<0.05). The
highest dissolved phosphorus released
from the trial groups was recorded in
the D1+ group as 10.27 kg ton-1 fish and
the lowest was detected in the D3group as 3.88 kg ton-1 fish (Fig. 2).
Discussion
In the present trial, it was determined
that the total solid waste released to the
receiving environment per ton of fish
was 43-510 kg, and that this value was
quite high according to the Hasan
(2001), Azevedo et al. (2011) and
Ballester-Moltó et al. (2017). We are of
the opinion that the reason for this
difference is that the study was carried
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out in tanks. Results of the present
study indicate that there were relative
decreases of 11 %, and 24 % in the
solid waste discharge amounts of the
groups fed with D2+, D3+ phytase added
diets, respectively.
It was determined that the total and
the particle nitrogen discharge were not
affected by the factor levels and it was
evaluated that the total nitrogen
discharge per ton of fish was 55.6165.41kg (Table 3). These values were
determined to be slightly higher than
the findings of Boyd and Queiroz
(2001), Azevedo et al. (2011), Maar et
al. (2018), similar to those of Aşır and
Pulatsü (2008), and lower than those of
Ackefors and Enell (1990), Foy and
Rosell (1991), Hasan (2001). We are of
the opinion that these differences can
originate from many factors such as
aquaculture settings, diet structure, and
the size of the fish.
The particle nitrogen discharge
amount was calculated as 13.99-17.89
kg ton-1 fish (Table 3). It was
determined that the diet was not
affected by the protein sources and the
phytase enzyme levels. These results
are similar to those of Ackefors and
Enell (1990), Azevedo et al. (2011),
and Maar et al. (2018).
It was determined that the effects of
the protein sources of the diet and the
phytase enzyme levels were significant
on the dissolved nitrogen discharge
amount, and this value was calculated
as 43.88-51.33 kg per ton of fish (Table
3). This value is higher than those of
Azevedo et al. (2011) and Maar et al.
(2018), and slightly lower than those of
Ackefors and Enell (1990). An increase

was detected in the dissolved nitrogen
amount released from the groups fed
with the diets, which contained phytase
enzyme and which had the same protein
sources and rates. However, the
increase of the herbal protein sources in
the diets, increased the dissolved
nitrogen discharge amount. It can be
mentioned that this result is similar to
the results of Herath and Satoh (2015),
however, it is different from the data of
Vielma et al. (1998), Vielma et al.
(2000), Cao et al. (2007), Crab et al.
(2007), Dalsgaard and Pedersen (2011),
Liu et al. (2009) and Orisasona et al.
(2017).
The effects of the phytase enzyme
levels on particle and dissolved
phosphorus dishcarge amounts were
determined as significant. The total
phosphours discharge amount was
determined as 11.64-15.79 kg per ton of
fish. This value was different from the
results of Biswas et al. (2007), Cao et
al. (2007), and Dalsgaard et al. (2009),
but it was similar to the data of Midlen
and Redding (1998), Hasan (2001),
Aşır and Pulatsü (2008), David et al.
(2015). It was observed that the
discharge amount was lower compared
to the findings of Azevedo et al. (2011),
and Foy and Rosell (1991); however, it
was higher compared to the data of
Ackefors and Enell (1990), Hernandez
et al. (2004), Pulatsü et al. (2004), and
Maar et al. (2018). Phytase addition to
the diets increased the total phosphorus
discharge.
It was found that the effects of diet
protein sources on the phosphorus
discharge were insignificant; however,
those of phytase enzyme addition were
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significant. This value was calculated as
5.42-8.45 kg per ton of fish, and was
observed to be similar to the data of
Ackefors and Enell (1990), Boyd and
Queiroz (2001), while it was lower than
the values of Maar et al. (2018).
Phytase enzyme addition decreased the
particle phosphorus discharge amount
(p<0.05). It can be mentioned that the
use of herbal protein sources positively
influenced the particle phosphorus
discharge. It was calculated that the
dissolved phosphorus discharge amount
per ton of fish was 3.88-10.27 kg. It
was found that the effects of protein
sources of the diet and the phytase
enzyme levels were significant on this
value (p<0.05). It was determined that
the dissolved phosphorus amount
discharge decreased as the herbal
protein sources increased in the diet,
however, the addition of phytase
enzyme increased this discharge
amount. This value was similar to the
data of Cheng et al. (2010); Dalsgaard
et al. (2009), Azevedo et al. (2011), and
Maar et al. (2018).
In conclusion, it was determined that
the dissolved nitrogen amount released
from the group fed with D1+ diet, which
contained high proportions of herbal
protein and phytase enzyme, was
significantly higher compared to the
group fed with D3- diet, which did not
contain phytase enzyme but was low in
the proportion of herbal protein
(p<0.05). Dissolved nitrogen release,
which is a bigger problem for the
environment, took place at higher levels
than the others.
The amounts of hazelnut and
soybean meals used in the trial diets in

ascending order, were D1>D2>D3,
respectively. It was observed that there
was less total phosphorus discharge
(p<0.05) in the groups fed with D1- and
D3- diets, which did not contain phytase
enzyme.
The dissolved phosphorus discharge
released from the groups fed with D1+,
D2+ and D3+ diets, which contained
phytase enzyme in ascending order
were determined as D1+>D2+>D3+,
respectively; and in the groups fed with
the D1-, D2- and D- diets, which did not
contain phytase enzyme, the highest
level of dissolved phosphorus release
was detected as D3- > D1- >D2-.
A negative relation was detected
between the digestibility rate of the trial
diet proteins and discharge amount of
the total nitrogen and phosphorus. This
negative relation increases as the
amounts of soybean meal and hazelnut
meal increases in the diet. No
significant difference was determined
between the digestibility rates of all of
the isonitrogenic trial diet proteins
containing protein sources and phytase
enzymes in different amounts.
Total and dissolved nitrogen
discharge amount increased as the
soybean and hazelnut meals increased.
Moreover, phytase enzyme addition had
a similar influence. The effects of the
factors on the particle nitrogen
discharge amounts were determined to
be similar. It was also determined that
the groups, which were fed with diets
containing phytase enzyme, showed an
increase in the amount of the total and
dissolved
phosphours
discharge,
however, the amount of the particle
phosphorus
discharge
decreased
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compared to the groups which were fed
with diets without phytase enzymes.
In this context, in order to provide
the ecological requirements for the
development of the fish, optimization of
the feed production techniques and the
proportions of herbal and animal-origin
raw materials in feed formulations are
vital for sustainable aquaculture.
Acknowledgement
This work was supported by the
Scientific
Research
Projects
Coordination Department of Süleyman
Demirel University, Isparta /Turkey,
Project number: 4343-YL1-15.
References
Ackefors, H. and Enell M., 1990.
Discharge of nutrients from Swedish
fish farming to adjacent sea areas.
Arnbio, 19, 28-35.
AOAC, 2000. Official methods of
analysis. 17th ed.Assoc. Off. Anal.
Chem. Arlington, VA.
Aşır, U. and Pulatsü, S., 2008.
Estimation
of
the
nitrogenphosphorus load caused by rainbow
trout
(Oncorhynchus
mykiss
Walbaum, 1792) cage-culture farms
in Kesikköprü Dam Lake: a
comparison of pelleted and extruded
feed. Turkish Journal of Veterinary
and Animal Sciences, 32, 417-422.
Azevedo, P.A. Podemski, C.L.
Hesslein, R.H. Kasian, S.E.M.
Findlay, D.L. and Bureau, D.P.,
2011. Estimation of waste outputs by
a rainbow trout cage farm using a
nutritional approach and monitoring
of lake water quality. Aquaculture,
311, 175–186.

Ballester-Moltó, M., Sanchez-Jerez,
P., Cerezo-Valverde, J. and
Aguado-Giménez,
F.,
2017.
Particulate waste outflow from fishfarming cages.How much is uneaten
feed? Marine Pollution Bulletin,
119, 23–30.
Biswas, A.K., Kaku, H., Cheol, Ji, S.,
Seoka, M. and Takii, K., 2007. Use
of soybean meal and phytase for
partial replacement of fish meal in
the dietof red sea bream, Pagrus
major. Aquaculture, 267, 284–291.
Boyd, C.E. and Queiroz, J.F., 2001.
Feasibility of retention structures,
settling basins, and the best
management practices in effluent
regulation for Alabama channel
catfish farming. Reviews in Fisheries
Science,
9(2),
43-67.
DOI:
10.1080/20016491101708
Bureau, D.P. and Cho, C.Y., 1999.
Phosphorus utilization by rainbow
trout
(Oncorhynchus
mykiss):
estimation of dissolved phosphorus
waste output. Aquaculture, 179(1),
127-140.
Cao, L., Wang, W., Yang, C., Yang,
Y., Diana J., Yakupitiyage, A.,
Luo, Z. and Li, D., 2007.
Application of microbial phytase in
fish feed. Enzyme and Microbial
Technology, 40, 497–507.
Cheng, Z., Ai, Q., Mai, K., Xu, W.,
Ma, H., Li, Y. and Zhang, J., 2010.
Effects of dietary canola meal on
growth performance, digestion and
metabolism of Japanese seabass,
Lateolabrax japonicus. Aquaculture,
305, 102–108.
Cho, C.Y. and Bureau, D.P., 2001. A
review of diet formulation strategies

15

and feeding systems to reduce
excretory and feed wastes in
aquaculture. Aquaculture Research,
32, 349-360.
Crab, R., Avnımelech, Y., Defoirdt,
T., Bossier, P. and Verstraete, W.,
2007. Nitrogen removal techniques
in aquaculture ior a sustainable
production. Aquaculture, 270, 1-14.
Dalsgaard, J., Ekmann, K.S.,
Pedersen, P.B. and Verlhac, V.,
2009. Effect of supplemented fungal
phytase on performance and
phosphorus
availability
by
phosphorus-depleted
juvenile
rainbow
trout
(Oncorhynchus
mykiss), and on the magnitude and
composition of phosphorus waste
output. Aquaculture, 286, 105–112.
Dalsgaard, A.J.T. and Pedersen, P.B.,
2011. Solid and suspended/dissolved
waste (N, P, O) from rainbow trout
(Oncorynchus mykiss). Aquaculture,
313(1-4), 92-99.
David, G.S., Carvalhob, E.D.,
Lemosc, D., Silveirad, A.N. and
Dall’Aglio-Sobrinh, M., 2015.
Ecological carrying capacity for
intensive
tilapia
(Oreochromis
niloticus) cage aquaculture in a large
hydroelectrical
reservoir
in
Southeastern Brazil. Aquacultural
Engineering, 66, 30–40.
Demir, O., 2011. Aquaculture and fish
feed sectors of Turkey general viewII. SDÜ Eğirdir Su Ürünleri
Fakültesi Dergisi, 7(1), 39-49.
http://edergi.sdu.edu.edu.tr/index.ph
p/esufd/
Emre, Y., Sevgili, H. and Sanli, M.,
2008a. Partial replacement of
fishmeal with hazelnut meal in diets

for juvenile gilthead sea bream
(Sparus aurata). The Israeli Journal
of Aquaculture–Bamidgeh, 60(3),
198-204.
Emre, Y., Sevgili, H. and Şanlı, M.,
2008b. A preliminary study on the
utilization of hazelnut meal as a
substitute for fish meal in diets of
European seabass (Dicentrarchus
labrax L.). Aquaculture Research,
39(3), 324-328.
EEA. 2015. The European environment
agency, freshwater quality. The
European environment-state and
outlook 2015 > European briefings >
Freshwater
quality
1-5,
https://www.eea.europa.eu/soer2015/europe/freshwater
PDF
generated on 18 Jun 2018. 4 P.
Foy, R.H. and Rosell, R., 1991.
Loadings
of
nitrogen
and
phosphorus from a northern ireland
fish
farm.
Elsevier
Science
Publishers
B.V.
Amsterdam.
Aquaculture, 96, 17-30.
Frankic, A. and Hershner, C., 2003.
Sustainable aquaculture: Developing
the
promise
of
aquaculture.
Aquaculture International, 11, 517530.
Furukawa, A. and Tsukahara, H.,
1966. On the acid digestion method
for the determination of chromic
oxide as in index substance in the
study of digestibility of fish feed.
Bulletin of the Japanese Society of
Scientific Fisheries, 32, 502-506.
Granada, L., Sousa, N., Lopes, S. and
Lemos, M.F.L., 2016. Is integrated
multitrophic aquaculture the solution
to the sectors‟ major challenges? – a

16

review. Reviews in Aquaculture, 8,
283-300.
Harlıoğlu, A.G., 2011. Gökkuşağı
alabalığı diyetlerinde balık ununun
bir kısmı yerine soya küspesi ve tam
yağlı soya kullanımın fosfor
sindirimi ve balık etindeki fosfor
miktarına
etkileri.
İstanbul
Üniversitesi Su Ürünleri Dergisi,
26(2), 47-61.
Hasan, M.R., 2001. Nutrition and
feeding for sustainable aquaculture
development
in
the
Third
Millennium. In R.P. Subasinghe, P.
Bueno, M.J. Phillips, C. Hough, S.E.
McGladdery and J.R. Arthur, eds.
Aquaculture
in
the
Third
Millennium. Technical Proceedings
of the Conference on Aquaculture in
the Third Millennium.Bangkok,
Thailand, 20-25 February 2000.
NACA, Bangkok and FAO, Rome.
pp. 193-219.
Hernandez, A., Satoh, S., Kiron, V.
and
Watanabe,
T.,
2004.
Phosphorus retention efficiency in
rainbow trout fed diets with low fish
meal
and alternative protein
ingredients. Fisheries Science, 70,
580-586.
Herath, S.S. and Satoh, S., 2015.
Environmental impact of phosphorus
and nitrogen from aquaculture. Feed
and
Feeding
Practices
in
Aquaculture. Woodhead Publishing
Series in Food Science, Technology
and Nutrition. pp. 369-386.
Islam, M.S., 2005. Nitrogen and
phosphorus budget in coastal and
marine cage aquaculture and impacts
of effluent loading on ecosystem:
review and analysis towards model

development. Marine Pollution
Bulletin, 50, 48–61.
James,
C.S.,
1999.
Analytical
chemistry of foods an Apsen
publication, Apsen Publishers, Inc.
Maryland. 178P.
Jia, B., Tang, Y., Tian, L., Alewell,
C., Huang, J.H. and Franz, L.,
2015. Impact of fish farming on
phosphorus in reservoir sediments.
Scientific Reports. 5, 16617. DOI:
10.1038/srep16617na
Liu, F.G. Yang, S.D. and Chen, H.C.,
2009. Effect of temperature, stocking
density and fish size on the ammonia
excretion in palmetto bass (Morone
saxatilis
×
M.
chrysops).
Aquaculture Research, 40, 450-455.
Maar, M., Larsen, J., Dahl, K. and
Riemann, B., 2018. Modelling the
environmental impacts of future
offshore fish farms in the inner
Danish
waters.
Aquaculture
Environment Interactions, 10, 115–
133.
Midlen, A. and Redding, T.A., 1998.
Environmental management for
aquaculture. Kluwer Academic
Publishers. London. 215 P.
Orisasona, O., Falaye, A.E., Ajanı,
E.K. and Kareem, O.K., 2017.
Effect of phytase supplementation on
the growth, mineral composition and
phosphorus digestibility of African
catfish
(Clarias
gariepinus)
juveniles.
Animal
Research
International, 14(2), 2741 – 2750.
Pulatsü, S., Rad, F., Köksal G.,
Aydın, F., Benli A.Ç.K. and
Topçu, A., 2004. The impact of
rainbow trout farm effluents on
water quality of Karasu Stream,

17

Turkey. Turkish Journal of Fisheries
and Aquatic Sciences, 4, 09-15.
Ruohonen, K., Simpson, S.J. and
Raubenheimer, D., 2007. A new
approach to diet optimisation: a reanalysis using European whitefish
(Coregonus lavaretus). Aquaculture,
267, 147-156.
SAS Institute and Inc. 2008. JMP 8
introductory guide, Cary, NC.
Sevgili, H., Emre, Y. and Dal, İ.,
2009a. Growth, nutrient utilization,
and digestibility of mirror carp
(Cyprinus
Carpio)
fed
diets
containing graded levels of hazelnut
meal in place of fish meal. The
Israeli Journal of Aquaculture–
Bamidgeh, IIC 63.2011. 557, 10.
Sevgili, H., Emre, Y., Kanyilmaz, M.
and Uysal, R., 2009b. Effects of
replacement of fishmeal with
hazelnut
meal
on
growth
performance, body composition, and
nutrient digestibility coefficients in
rainbow
trout,
Oncorhynchus
mykiss.The Israeli Journal of
Aquaculture – Bamidge, 61(2),103113.
Subasinghe, R., Soto, D. and Jıa, J.,
2009. Global aquaculture and its role
in sustainable development. Reviews
in Aquaculture, 1, 2-9.
Tacon, A.G.J. and Forster, I.P., 2003.
Aquafeeds and the environment:
policy implications. Aquaculture,
226, 181–189.
Thompson, L.U., Button, CL. and
Jenkins, D.J.A., 1987. Phytic acid
and calcium affect the in vitro rate of
navy bean starch digestion and blood
glucose response in humans.

The American
Journal of Clinical
Nutrition, 46,467-473.
Tucker, C.S., Hargreaves, J.A. and
Boyd,
C.E.,
2008.
Better
management practices for freshwater
pond aquaculture. In: Environmental
Best Management Practices for
Aquaculture (C.S. Tucker and J.A.
Hargreaves, Eds). John Wiley and
Sons, Iowa. pp. 151-226.
Uysal, N. and Bekcam, S., 2006.
Tilapya
balığı
(Oreochromis
niloticus L.) yavrularının balık unu
yerine farklı oranlarda soya unu
ilave edilen yemlerle beslenmesinin
büyüme
parametrelerine
etkisi.
Journal of Agricultural Sciences,
12(1), 93-100.
Vielma, J., Lall, S.P., Koskela, J.,
Schoner, F.J. and Mattila, P.,
1998. Effects of dietary phytase and
cholecalciferol
on
phosphorus
bioavailability in rainbow trout
(Oncorhynchus
mykiss).
Aquaculture, 163, 309–323.
Vielma, J., Makinen, T., Ekholm, P.
and Koskela J., 2000. Influence of
dietary soy and phytase levels on
performance and body composition
of
large
rainbow
trout
(Oncorhynchus mykiss) and algal
availability of phosphorus load.
Aquaculture, 183(3-4), 349–362.
Vielma, J., Ruohonen, K. and
Peisker, M., 2002. Dephytinization
of two soy proteins increases
phosphorus and protein utilization
by rainbow trout, Oncorhynchus
mykiss. Aquaculture, 204, 145-156.

