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ABSTRACT

This study was carried out to determine the effects of replacement of wheat flour with wheat middling
(WM) and supplemental phosphorus at a level of 1% on growth and nutrient utilization, whole body,
fillet, viscera and liver proximate compositions in turbot, (Scophthalmus maximus Linnaeus, 1758).
The control diet was based on a mixture of three fish meals and whole wheat flour. Fish with an
average initial weight of 266.67+0.72 g were fed experimental diets for 9 weeks. Each treatment was
tried in four replicates. At the end of the experiment, there were no significant effects of the treatment
on growth rate, nutrient utilization parameters such as feed intake, feed conversion ratio, protein
efficiency rate, nitrogen, lipid and energy gains and retentions, hepato-somatic index, viscero-somatic
index, condition factor, whole body (except dry matter which was significantly lower in P added diet
than the control) and organ nutrient compositions (P>0.05). The findings suggest that WM can totally
replace wheat flour and there is a tendency of a positive contribution of dietary P supplementation on
the response variables.
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OZET

Bu ¢alisma kalkan yemlerinde (Scophthalmus maximus Linnaeus, 1758) bugday unu yerine bonkalite
kullanimi1 ve %1 diizeyinde ilave fosfor ilavesinin biiylime, yemden yararlanma, tiim viicut, fileto, i¢
organlar ve karaciger besin maddesi kompozisyonlar1 iizerine etkilerini belirlemek iizere
yuriitiilmistiir. Kontrol yemi ii¢ farkli balik unu karsimi ile bugday unu esash olarak hazirlanmistir.
Arastirmada, ortalama baslangic agirligi of 266.67+0.72 g olan baliklar 9 hafta boyunca deneme
yemleri ile beslenmislerdir. Her bir deneme grubu dort tekerriirlii olarak denenmistir. Deneme
sonunda, deneme gruplar1 arasinda biiyiime orani, yem tiiketimi, yemden yararlanma, protein etkinlik
orani, azot, lipit ve enerji degerlendirme parametreleri, hepatosomatik indeks, i¢ organlar indeksi,
kondisyon faktorii, viicut (fosfor ilaveli grupta kontrolden daha diisiik kuru madde harig) ve organ
besin kompozisyonlar1 bakimindan herhangi bir fark bulunmamistir (P>0.05). Arastirma bulgulari,
kalkan yemlerinde bonkalitenin bugday ununun tamami yerine kullanilabilecegini gostermistir.
Ayrica, fosfor ilavesinin ele alinan degiskenler bakimindan pozitif yonde etkileme egilimine sahip

oldugunu ortaya koymustur.

Anahtar sozciikler: Kalkan, balik besleme, bonkalite, fosfor

1. INTRODUCTION

Whole wheat or wheat flour are widely used in
fish diets as a carbohydrate source (Hertrampf
and Piedad-Pascual, 2000; NRC, 2011). Wheat
middlings is a by-product of wheat milling,
obtained while wheat is processed to flour, also
known as wheat pollard and generally contains
higher protein, P and cellulose than flour
(Cromwell et al., 2000, Cheng and Hardy, 2002
Hertrampf and Piedad-Pascual, 2000). Although
wheat middling is cheaper than the meal, the
effects of its dietary use instead of wheat meal on
growth and feed utilization in aquatic species
have not been adequately studied. Available
studies on fish species including rainbow trout
(Oncorhynchus mykiss), Atlantic salmon (Salmo
salar) and silver catfish (Rhamdia quelen)
suggest that wheat middling is a valuable
carbohydrate source when included at adequate
levels (Hilton and Silinger, 1983; Hughes, 1990;
Pessini et al., 2019).

Phosphorus (P) is an essential element for fish
and many symptoms such as poor growth,
skeletal deformities, deteriorated mineral
metabolism and increased lipid accumulation
occurs when dietary concentrations are
insufficient (NRC, 2011). However, excessive
dietary P levels above the requirements are not
deposited in the fish body and excreted to the

environment via faeces and urine, which may
lead to eutrophication (NRC, 2011). Fish meal is
used as the main protein source in fish feeds and
supplies substantial amounts of other nutrients
including P. Although a report related to dietary
P deficiency has not been encountered in turbot
fed diets with commonly available ingredients
(Nagel et al., 2012, Burel et al., 2000), there is
no specific attempt to dealt with dietary P
supplementation to fish meal-based diet in
turbot. This could be of significance since P is
present in fish meal in complex Ca
hydroxyapatite-formation that reduces
digestions of P and other minerals by fish (Satoh
et al., 1987, Albrektsen et al., 2009). Therefore
some authors suggest a dietary supplementation
to fish meal-based diets (Albrektsen et al., 2009),
but if this is a necessity in turbot diets based on
fish meal or not remains unknown. Turbot is
considered an alternative fish species for
diversification of the finfish aquaculture sector
of Turkey.

Therefore this study was planned to determine
the effects of supplemental dietary phosphorus
with and replacement of wheat meal with
middling in fish meal-based diets on growth
performance, whole body, and organ proximate
compositions of turbot.
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2. MATERIAL AND METHOD
2.1.Fish and Rearing System

The experiment was carried out at the Beymelek
Unit of Mediterranean Fisheries Research
Production and Training Institute, Antalya,
Turkey. Juvenile turbot were transferred from
Central Fisheries Research Institute, Trabzon,
Turkey. Fish were randomly allocated to 12
tanks (50 x 70 x 40 cm) with 100 L water holding
capacity and adapted for three weeks before the
commencement of the study. Up to the
experiment, fish were fed a commercial diet
(Kilig Deniz Uriinleri, Mugla, Turkey) with 57%
protein and 9% lipid. At the start of the
experiment, the number of fish in each tank was
reduced to eight fish. The average initial weight
was 266.67+0.72 g. Brackish water treated with
UV was supplied to each tank at a flow rate of
2.5 L/min. Fish were held in an indoor system
allowing natural light to enter and subjected to
natural photoperiod between 16.10.2009 and
18.12.2009. Water temperature, dissolved
oxygen, pH and salinity were monitored daily
with a hand DO meter and pH meter (Y SI Model
55 and 63, YSI Inc., Yellowsprings, OH, USA)
and were 17.66 £0.03 °C, 7.28 £0.03 mg/L, 7.61
+ 0.01 and 8.27+0.01 g/L respectively. During
the study, fish in each tank were bulk weighed at
three-week—intervals and at end of the
experiment after about one day starvation period.
Experimental fish were fed their respective diets
until apparent satiation by hand twice a day for 9
weeks. At the beginning of the experiment, a
total of ten fish were sampled for the
determination of initial body composition
whereas, at the end of the experiment, all eight
fish were sampled from each tank through
overdose ethylene glycol monophenyl ether, four
fish were pooled and used for determination of
final proximate composition, and the remaining
four were used for determination of organo-
somatic indices.

2.2.Experimental Diets
Three diets were formulated based on a dry

matter basis using the linear method in Winfeed
2.8 (Winfeed Ltd., Cambridge, UK). Fish meal

(a mixture of three different fish meal source)
based control diet was formulated with wheat
flour and without supplemental phosphorus
(Table 1).

Table 1. Ingredient and proximate composition
of experimental diets

Control P WM
Fish meal mixture! 65.42 65.63 63.16
Wheat flour 21.66 20.46
Wheat middling - 24.76
Wheat gluten 5 5 5
Fish oil 6.77 6.76 5.93
Monocalcium phosphate - 1.0 -
Vitamin? 0.25 0.25 0.25
Mineral® 0.1 0.1 0.1
Cholin chloride* 0.2 0.2 0.2
CM(C3 0.5 0.5 0.5
Vitamin C¢ 0.1 0.1 0.1

Nutrient levels (dry matter basis)

Dry matter 90.8 91.1 91.7
Protein 54.9 54.5 53.6
Lipid 13.5 133 13.7
Ash 9.7 9.7 10.5
Gross energy 22.1 22.0 21.9
P/E (g CP MJ GE)’ 24.8 24.7 244

133.3% Danish fish meal, 33.3% Peruvian fish meal, and
33.4% local anchovy meal.

2 Vitamin premix included (per kg diet): vitamin A, 25000
IU as acetate; vitamin D3, 3000 IU; vitamin E, 400 mg as
DL- a-tocopheryl acetate; vitamin K3, 15 mg as menadione
sodium bisulfite; vitamin B;, 40 mg as thiamine
mononitrate; vitamin B,, 50 mg as FMN sodium salt;
vitamin Bs, 40 mg as pyridoxine hydrochloride; vitamin
Bi2, 0.02 mg; vitamin C, 350 mg as L-ascorbic acid,;
niacin, 400 mg as niacinamide; inositol, 450 mg; D-
pantothenic acid, 100 mg as calcium DL-pantothenate;
biotin, 1.8 mg as d-biotin; folic acid,10 mg; antioxidant,
250 mg as BHT.

3 Mineral premix included (g per kg diet): copper 6, as
copper sulphate; iron, 30 as iron sulphate; manganese, 60
as manganese oxide; zinc, 75 as zinc oxide; magnesium,
0.15 as magnesium oxide; cobalt, 5 as microgranule cobalt
5%; iodine, 2 as microgranule iodine 10%; selenium, 0.4
as microgranule selenium 4.5%.

4 DSM nutritional products Ltd., Switzerland.

>Ugur Cellulose Chemicals, Aydin, Turkey.

¢ Ascorvet, Vetas, Istanbul, Turkey.

7 Crude protein to Gross energy ratio.
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In the second diet, wheat flour was totally
replaced with wheat middling (WM) whereas in
the third diet exogenous phosphorus as
monocalcium phosphate was added as an
inorganic phosphorus source at a level of 1% (P)
considering the results of Albrektsen et al.
(2009). Before diet preparation, all the
ingredients were ground with a hammer mill
with an 800 pum screen (Kocamaz Machine,
Model KT-20C, Izmir, Turkey), weighed at
predetermined levels, thoroughly mixed and then
the mixtures were pelleted using a pelleting
machine (with a 9-mm die) without steam,
packed in plastic bags and stored at +4 °C until
use.

2.3.Calculation and Chemical Analysis

Growth and feed utilization variables, such as
weight gain (WGQG), daily growth coefficient
(DGC), feed intake (FI), feed conversion ratio
(FCR), condition factor (CF), nutrient intakes,
gains and retentions, protein efficiency ratio
(PER) and N loss, and organ indices were
calculated by the formulas provided in footnotes
of the tables.

Fish samples were stored at -20 °C until analysis.
Before analysis, they were thawed in a
refrigerator overnight and then homogenized
using a kitchen meat chopper (Tefal Le Hachoir
1500, France). Proximate analysis, except crude
lipid, of experimental diets and fish were
performed according to the methods of (AOAC
(1990)): dry matter at 104 °C till constant
weight, ash content by incineration in a muftle
furnace at 600 °C for 2 h; crude protein (Nx6.25)
by the Kjeldhal method after acid digestion.
Lipid was determined with ether extraction using
an automatic extraction system (ANKOMXT15
Extractor, ANKOM Technology, Macedon,
USA). Gross energy values of feeds and fish
samples were calculated using conversion
factors of 39.5, 23.6, and 17.2 MJ kg! for fat,
protein, and carbohydrate, respectively.
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2.4.Statistical Analysis

The normality and homogeneity of the data were
checked by the Shapiro—Wilk test and Bartlett’s
test, respectively. All percentage values were
arcsine transformed before analysis of variance.
One-way analysis of variance (ANOVA)
followed by Dunnett’s test considering wheat
meal diet as the control was used to detect the
significant differences between treatments. A
significance level of P<0.05 was used.

3. RESULTS

All diets were well accepted by the fish and there
was no mortality due to the treatments in the
present study.

Growth rate, FCR, PER, VFI, and organ indices
including CF, VSI and HSI of turbot fed the
experimental diets were comparable (Table 2).
Whole-body dry matter levels of fish maintained
on P were significantly higher than the control
(P<0.05).

However, there were no significant differences
among the treatments in terms of other
proximate parameters (Table 3). Dry matter,
protein, ash, gross energy and crude lipid levels
of fillet, viscera and liver of fish fed the
experimental diets were also not significantly
different (P>0.05).

Nutrient utilization variables of fish such as
nitrogen, lipid and energy gains and retentions
were not significantly affected by dietary
treatments (Table 4) (P>0.05).
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Table 2. Growth and feed utilization of turbot fed diets wheat middling and supplemental P

Variables Control With Phosphorus With Wheat middling
IW (g/fish) 266.7+0.9 266.3+1.6 267.0+1.5

FW (g/fish) 413.1+11.8 423.1+3.8 405.9+14.2

DGC (%. day) 1.60+0.11 1.70+0.03 1.53+0.12

VFI (g/MBW?°3%/day) 4.81+0.12 5.12+0.13 4.97+0.09

FCR 0.87+0.05 0.86+0.04 0.95+0.07

PER 2.12+0.12 2.17+0.09 2.00+0.15

CF 1.44+0.02 1.43+0.06 1.44+0.03

VSI (%) 4.57+0.12 4.63+0.19 4.57+0.12

HSI (%) 1.34+0.07 1.34+0.07 1.27+0.05

IW; Initial weight, FW; final weight, MBW = metabolic body weight; CF = condition factor; DGC = daily growth
coefficient; FCR = feed conversion ratio; FW = final weight; HSI = hepato somatic index; PER = protein retention
efficiency; VFI =voluntary feed intake; VSI = viscera somatic index.

Mean values (n = 4) and pooled standard error of the mean (SE) are presented for each variable obtained after the 9-
week experimental duration. No significant differences were detected between the treatments following the 9 weeks
(P >0.05). VFI = (dry matter intake/ABW)/d. MBW = Geometrci mean (IW + FW)*%, DGC = ([FW1/3—1IW1/3]/d)
% 100. FCR = dry matter intake/weight gain. PER = weight gain/protein fed. CF = (average weight/standard length3)
% 100. VSI = (visceral weight/body weight) x 100. HSI = (liver weight/body weight) x 100.

Table 3. Whole-body, fillet, liver, and intestine proximate compositions of turbot fed diets with wheat
middling and supplemental P

Control With Phosphorus With Wheat middling
Whole-body Initial
Dry matter 22.5 24.32+0.21 23.77+0.01* 23.92+40.13
Gross energy 4.12 4.73+0.06 4.78+0.04 4.87+0.05
Crude ash 4.60 4.64+0.23 4.51£0.10 4.24+0.04
Crude protein 15.25 16.00+0.16 16.15+0.14 16.24+0.20
Crude lipid 1.28 2.37+0.15 2.40+0.03 2.594+0.10
Fillet
Dry matter 23.98+0.46 24.06+0.56 23.64+0.32
Gross energy 5.45+0.18 5.54+0.14 5.36+0.05
Crude ash 2.07+0.05 1.90+0.08 1.914+0.29
Crude protein 19.88+0.36 20.10+0.37 20.02+0.16
Crude lipid 1.88+0.28 1.97+0.15 1.56+0.06
Viscera
Dry matter 18.37+0.65 17.76+0.25 17.26+0.20
Gross energy 3.80+0.15 3.68+0.07 3.61+0.04
Crude ash 1.08+0.03 1.114£0.02 1.03+0.02
Crude protein 14.16+0.54 13.75+0.33 13.46+0.19
Crude lipid 1.13+0.09 1.07+0.03 1.054+0.05
Liver
Dry matter 29.23+2.42 28.98+0.58 28.07+0.54
Gross energy 7.58+0.98 7.26+0.13 6.80+0.17
Crude protein 12.09+0.48 11.31+0.42 11.91+0.27
Crude lipid 11.93+£2.65 11.60+0.58 10.08+0.39

Mean values (n = 4) and pooled standard error of the mean (SE) are presented for each variable obtained after the 9-week
experimental duration. No significant differences, except whole body dry matter which only differed in P-added treatment
from the control, were detected between the treatments following the 9 weeks (P >0.05).
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Table 4. Nutrient utilization performance of turbot fed experimental diets

With Wheat
Control With Phosphorus ~ middling

Nitrogen

Intake (g/kg MBW?®¥/day) 0.42+0.01 0.44+0.01 0.43£0.01

Gain (g/kg MBW%¥/day) 0.16+0.01 0.16+0.00 0.14+0.01

Retention (%) 36.79+1.82 36.49+1.41 33.31£2.30

Loss (g/ kg WG) 48.39+4.00 47.2143.04 54.34+5.88
Lipid

Intake (g/kg MBW?8/day) 0.65+0.02 0.70+0.02 0.68+0.01

Gain (g/kg MBW%¥/day) 0.24+0.03 0.26+0.01 0.27+0.02

Retention (%) 37.35+£3.27 36.78+1.74 40.21+£3.57
Energy

Intake (kJ/kgMBW?3/day) 106.4+2.7 112.3+2.9 109.6+1.9

Gain (kJ/kgMBW%%/day) 32.70+1.98 35.13+0.58 33.76+2.03

Retention (%) 30.67+1.13 31.35£1.05 30.83+1.89

WG; Weight gain.

Mean values (rn = 4) and pooled standard error of the mean (SE) are presented for each variable
obtained after the 9-week experimental duration. No significant differences were detected
between the treatments following the 9 weeks (P >0.05).

4. DISCUSSIONS

Effects of dietary inclusion of wheat middling in
fish have been attracted little attention although
it is widely used in commercial diets (Hertrampf
and Piedad-Pascual, 2000). Existing data in
terms of nutritional evaluation are concentrated
mostly on its nutrient digestibility values. Vidal
et al. (2017) evaluated nutrient digestibility of
wheat and wheat by-products including wheat
middling in diets of tilapia, Oreochromis
niloticus. These researchers recorded lower
nutrient digestibility coefficients of wheat
middling for dry matter, protein, energy, and
amino acid compared with whole wheat, wheat
bran, and wheat germ, which was attributed to its
higher fibre contents. Although very good
energy and protein digestibility values (slightly
lower than fish meal) of wheat middling were
reported for sunshine bass (Morone chrysops @ %
M. saxatilisd) (Rawles and Gatlin, 2000),
apparent dry matter and energy digestibilities
were inferior for tilapia (Guimaraes et al., 2008),
red drum (Sciaenops ocellatus) (McGoogan and
Reigh, 1996), common carp (Cyprinus carpio)
(Fagbenro, 1999), coho salmon (Oncorhynchus
kistuch) and rainbow trout (Sugiura et al., 1998,
Cheng and Hardy, 2002). It appears that high
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cellulose contents in wheat middling reduces the
availability of dry matter and energy to fish.
However, its protein appears to be highly
digestible considering that the abovementioned
studies showed that average protein availability
was over 80%. From these observations, one can
expect that the inclusion of wheat middling to
turbot diets at about 25%, as it was in the present
study, could lead to a deterioration in growth and
nutrient utilization performance. Atlantic salmon
grew equally when fed diets with wheat
middling or triticale as the main carbohydrate
sources (Hughes, 1990). However, when the
dietary wheat middling level was reduced from
32.7 to 16.4% with a replacement of wheat bran
in diets of rainbow trout, the final average weight
of fish significantly increased (Hilton and
Slinger, 1983). Replacement of corn flour with
wheat middlings in diets of juvenile silver catfish
resulted in comparable growth performance
(Pessini et al., 2019). Although numerically
inferior growth rate, FCR and PER values in fish
reared on WM diet than those on the control were
the case in the present study but these differences
were not significant (P>0.05), being within the
range of those reported previously for turbot
(Sevgili et al., 2015a; 2015b; Kurtoglu et al.,
2019).
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Furthermore, the whole body, fillet, viscera, and
liver proximate compositions, as well as
nitrogen, lipid and energy utilization variables of
WM fed fish, were comparable to those on the
control diet. This suggests that wheat middling is
on par with wheat flour in terms of nutritional
values for turbot and can be used in place of
wheat flour. Care should be exercised, however,
in using WM in turbot diets above 25% because
high dietary inclusion rates could result in
growth deteriorations in terrestrial monogastric
animals such as pig (Cromwell et al., 2000).
Moreover, WM is a highly variable ingredient in
terms of nutritional compositions (Cromwell et
al., 2000), which could place it in an ingredient
class of prudent use in turbot diets.

Dietary P requirements of turbot have not been
determined but other flatfishes such as Japanese
flounder (Paralichthys olivaceus) are reported to
require a dietary level between 0.45- and 1.65%
(Wang et al., 2005, Uyan et al., 2007, Choi et al.,
2005). Japanese flounder fed dietary P deficient
diets showed poor growth, FCR, low whole body
ash and phosphorus, opercula malformations,
deformed head, spongy vertebral bones, and high
whole-body lipid (Uyan et al., 2007, Wang et al.,
2005, Choi et al., 2005). Although fish meal is a
highly rich source of P, sometimes supplemental
P can be essential. For instance, Atlantic salmon
fed a diet based on fish meal from blue whiting
which was devoid of dietary inorganic P
supplementations were suffered from dietary P
deficiency by showing reduced growth, bone
mineralization, and lipid accumulation (Fjelldal
et al., 2016). So far, no specific attempt to
investigate the effects of dietary P addition into
turbot diets based on fish meal has been done.
However, a study conducted in turbot reared in
the recirculation system has suggested that a
concentration of waterborne orthophosphate of
about 25 mg/L could improve some performance
variables including SGR and protein retention
(van Bussel et al., 2013). In the present
experiment, dietary P addition at 1% did not
change fish performance variables, HSI and VSI,
although numerically some improvements in
growth rate, together with whole-body
proximate compositions except dry matter which
was significantly lower than the control were
recorded. The control diet had a sufficient

amount of P to meet dietary requirements, which
may be due to the incorporation of three different
sources of fish meal. Indeed, the use of a mixture
of fish meal rather than a single source can
substantially change the levels of dietary
phosphorus levels and subsequent mass balance
values including whole body intakes, gains,
retentions, and losses to the environment
(Sevgili et al., 2015b). Indeed, fish meal with
high P contents lost more P to the environment
in that study even though it is now known
whether other fish meal sources were sufficient
in terms of meeting the dietary P requirement of
turbot (Sevgili et al., 2015b). However, as long
as a mixture of fish meal sources is included at
levels around presently used, a dietary P
deficiency will be never the case or no dietary P
addition will be required as judged from the
results of the current study. However, a luxury
use of three fish meal in turbot or other
aquaculture fish diets at about 60% as in the
present study will not be possible considering the
finite production of global fish meal regardless
of species or origin. The inclusions of plant
protein sources instead of fish meal especially at
increased  levels  generally  necessitate
supplementing  either exogenous dietary
phosphorus or phytase and/or organic acids in
fish (NRC, 2011).

Briefly, wheat flour can be replaced in growing
turbot diets without deterioration of growth, feed
utilization, and whole-body or organ
biochemical compositions. Cost estimation of
the experimental diets revealed that using WM
in place of flour reduced the diet price by about
6%. Although there was no significant reduction
in the cost of feeding with WM for a unit of fish
production over the control diet, the present
results give extra room in the selection of cereal
products in turbot diets. Yet, variabilities in the
nutrient compositions of WM should be taken
into consideration when using in aquaculture
diets. No positive effect of P supplementation
into turbot diets with a mixture of fish meals as
the main protein source is observed. Further
studies are required to determine dietary P
requirements at different sizes of turbot for
optimization of dietary levels.
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