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Abstract

This study aimed to evaluate the nutritional qualities of selected commercial fish meals (FM) in diets of juvenile shi drum,
Umbrina cirrosa L..The five FMs diets based on two Peruvian anchovy meals (one is a flame dried FM: Peru-1 and the other
steam-dried FM: Peru-2), a Danish low-temperature FM (Danish LT), a domestic anchovy LT meal (Domestic LT) and an
Alaskan white FM (WFM) as major protein source were formulated to contain 56% protein. The diets were fed to triplicated
groups of fish with initial average weight 25.06+0.11 g for 7 weeks. Fish on Peru-2 diet performed better than those on WFM
in terms of final weight and specific growth rate. These fish were also significantly better regarding nutrient utilization
efficiency than those fed WFM and Peru-1 diets, but similar to those on Danish LT and Domestic LT. WFM diet fed fish had
significantly less amount of body lipid than those fed Danish LT diet and retained lower lipid than the other groups of fish.
The results indicate that different commercial sources of FMs do not have an equal nutritional value for juvenile shi drum, an
important finding that should be considered in future studies.
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Yavru Minekoplar (Umbrina cirrosaL.) Secilen Baz1 Ticari Balik Unlarina Farkh Sekilde Tepki Veriyor

Ozet

Bu aragtirma yavru minekoplarda (Umbrina cirrosa L.), segilen bazi ticari balik unlarmim (BU) besleme kalitelerini
degerlendirmeyi amaglamigtir. Baslica protein kaynagi olarak, iki Peru hamsi unu (biri alev-kurutmali BU:Peru-1, digeri
buhar-kurutmali BU:Peru-2), diisiik-sicaklikta iglem goérmiis bir Danimarka BU (Danimarka LT), bir yerli hamsi BU (Yerli
LT) ve Alaska beyaz BU (BBU) iceren bes adet deneme yemi (%56 proteinli) hazirlanmistir. Yemler ii¢ tekerriirlii olarak,
basglangic agirligr of 25.06+0.11 g olan baliklara 7 hafta boyunca verilmistir. Peru-2 ile beslenen baliklar, BBU ile
beslenenlerden daha yiiksek deneme sonu agirligi ve spesifik biiyiime orani gostermistir. Bu baliklar yemden yararlanma
etkinligi bakimindan da BBU ve Peru-1 alanlardan daha {stiin olmuslar, fakat Danimarka-LT ve Yerli-LT ile beslenenlere
benzerlik gostermislerdir. BBU ile beslenen baliklarin viicut lipit diizeyleri Danimarka-LT ile beslenenlerden &nemli
derecede daha diisik olmus ve viicutlarinda diger gruplardan daha az lipit tutmusglardir. Bulgular, farkli ticari BU
kaynaklarinin yavru minekoplar i¢in esit bir besleme degerine sahip olmadiklarini géstermis ve bunun tiirle ilgili gelecek
calismalarda mutlaka dikkate alinmasini 6nermistir.

Anahtar Kelimeler: Minekop, Umbrina cirrosaL., balik unu, biiyiime, besin madde degerlendirme

Introduction

Shi  drum (Umbrina cirrosalL.) is an
economically important fish, and emerging alternative
species in Mediterranean mariculture to the dominant
species, European sea bass (Dicentrarchus labrax)
and gilthead sea bream (Sparus aurata) (Barbato and
Corbari, 1995; Libertini et al., 1998; Cardenas, 2013).
However, only limited information about nutrition of
this carnivorous fish is available. The existing

information is related to the potential use of vegetable
protein and oil sources in its diets (Segato et al.,
2005a), dietary lipid to nitrogenous-free extract ratio
(Segato et al., 2005b), dietary protein (Akpwnar et al.,
2012) and lipid requirements (Akpinar et al., 2012)
and optimal dietary protein/lipid ratio (Henry and
Fountoulaki, 2014). These studies suggest that
juvenile shi drum requires high protein (47- 50%) and
relatively low lipid (<13%). Therefore, it appears that
a careful selection of raw materials to meet dietary
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protein requirement holds primary importance for the
future development of shi drum aquaculture. Fish
meal (FM) is traditionally thought to have a good
amino acid profile that can generally cover essential
amino acid requirements of many fish species (NRC,
2011). But, world FM availability is finite and
seeking alternative protein sources to it in diets of
aquaculture species is a major research area (Fournier
et al., 2004; Hasimoglu et al., 2007; NRC, 2011; Hua
and Bureau, 2012). To evaluate the nutritional value
of the alternative protein sources, a control diet based
on a FM as major protein source is employed.
However, FMs vary in protein quality depending on
species origin, raw material type (by product or whole
fish) and freshness, production method and
temperature (Hardy and Masumoto, 1990; Aderson
and Lall, 1994; Anderson et al., 1995; Hardy, 1996;
Aksnes and Mundheim, 1997; Anderson et al., 1997;
Mundheim et al., 2004; Forster et al., 2005). Varying
quality in FMs makes the results of studies on
alternative protein sources difficult to compare each
other (Hua and Bureau, 2012). Although several in
vitro methods have been developed to estimate the
starting material freshness (cadaverine, histamine,
putrescine, tyramine, total volatile nitrogen and
ammonia-nitrogen) and nutritional qualities of FMs,
the biological testing should be the method of choice
(Anderson et al., 1993). So far, evaluation of various
FMs have been made in a number of fish species
including Atlantic salmon, Salmosalar (Pike et al.,
1990b), chinook salmon, Oncorhynchus tshawytscha
(Hardy and Masumoto, 1990), wolfish, Anarhichas
lupus (Moksness et al., 1995), gilthead sea bream
(Aksnes et al., 1997), Atlantic halibut, Hippoglossus
hippoglossus (Aksnes and Mundheim, 1997) and
turbot, Scophthalmus maximus (Hasimoglu et al.,
2007; Sevgili et al., 2014) and those produced at LT
(less than 90°C) have been credited compared with
those processed at higher temperatures (McCallum
and Higgs, 1989; Pike et al., 1990a; Anderson et al.,
1993; Aksnes and Mundheim, 1997). However,
different commercially available FM sources have not
been assessed in shi drum feeding. An assessment of
selected commercial FM sources would be important
for establishment of nutritionally sound protein base
in future studies dealing with alternative protein
ingredients.

Therefore, the present investigation aimed to
evaluate nutritional qualities of five commercial FM
sources in diets of juvenile shi drum using growth and
nutritional performance as well as environmental
parameters.

Materials and Methods
Fish Meals and Experimental Diets
Five different commercial FMs were provided

from various sources. A Danish LT FM (Danish LT,
FF Skagen, Denmark; histamine content: 67.6 mg kg

') was obtained from Cagatay Yem Sanayi, Izmir,
Turkey. A domestic anchovy meal (Domestic LT;
histamine content: 8.9 mg kg™) was directly procured
from the producer (Sibal A.S., Sinop, Turkey). A
Peruvian  flame-dried anchovy meal (Peru-1;
histamine content: 87.7 mg kg™) was provided from
Kilig Deniz Uriinleri, Mugla, Turkey. A Peruvian
steam-dried anchovy meal (Peru-2; 61.8 mg kg™) and
an Alaskan WFM (WFM; histamine content: 0.5 mg
kg™l), origin not known but probably a by-product
meal of Pollock, were obtained from a fish feed
company (Scientific Feed Laboratory Co. Ltd.,
Japan). It is noteworthy that unlike drying method of
the FMs, their other processing conditions such as
precise cooking and drying temperatures, equipment
type and capacities, fate of stick water etc. were not
known. Proximate, amino acid and fatty acid
compositions of FMs and other ingredients used in the
experiment are shown in Table 1 and 2.

The FMs were used as main protein sources in
the experimental diets. Wheat gluten meal was used at
5% in all diets as secondary protein source. Wheat
flour and fish oil (salmon oil) were used as
carbohydrate and lipid sources respectively. The diets
were formulated to be isoproteic (56%) and
isoenergetic (also iso-lipidic, 11%) and their
formulations and proximate compositions are
presented in Table 3. Amino acid and fatty acid
profiles of the experimental diets are presented in
Table 4 and 5 respectively. The ingredients were
weighed at predetermined levels, mixed thoroughly,
added about 5% water and pelleted into 2 mm
diameter using a small-scale vertical pelletizer
(Beysan Makine ve Torna, Rize, Turkey). The
resulting pellets were put in plastic bags and stored at
4°C over the experiment. Fish were fed until apparent
satiation twice a day at 09:00 and 18:00 for 49 days.
Feed was carefully administered by dropping a few
pellets until the feeding activity seized.

Fish and Rearing Conditions

The experiment was carried out at the Beymelek
Unit of Mediterranean Fisheries Research Production
and Training Institute, Antalya, Turkey. Shi drum
broodstock were selected from a population captured
from Aegean Sea coasts, Bodrum, Mugla, Turkey
after an adaptation period of about 18 months. Fish
used in the study were produced from this broodstock
with natural spawning.

Experimental fish were selected from a base
population and equally allocated to 15 rectangular
tanks with about 100 L effective water holding
capacity. The fish were acclimated to experimental
conditions for about three weeks and fed a sinking
type commercial sea bass diet including 49 % protein
and 19 % lipid (Bioaqua, Camli Yem, izmir, Turkey).
At beginning of the experiment, stocking density was
adjusted to 12 fish per tank. Initial average weight of
fish was 25.06+0.11 g. Full strength sea water (38 g
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Table 1. Proximate and amino acid composition of ingredients used in the experiment (Dry matter basis).
Danish LT Domestic LT Peru-1  Peru-2 WFM  Wheat gluten Wheat Flour
Dry matter 92.6 93.2 92.3 915 92.4 93.9 89.6
Crude Protein 74.9 76.8 714 74.9 74.0 82.8 17.7
Crude Lipid 10.3 8.7 10.8 115 9 11 4.9
Crude Ash 141 111 17.8 18.1 18.2 0.9 34
Gross Energy (MJ kg™) 21.9 21.9 20.4 19.8 20.3 23.2 18.3
Histamin (mg kg™) 67.6 8.9 87.7 61.8 0.5 - -
Indispensable acid levels (% of protein)
Arginine 5.19 5.77 5.08 5.11 5.50 5.48 2.97
Histidine 1.82 242 2.18 2.74 1.43 1.81 1.47
Isoleucine 3.60 3.56 3.21 3.56 3.04 2.42 2.57
Leucine 6.42 7.22 6.45 6.43 5.74 5.46 5.76
Lysine 6.86 7.87 6.80 6.82 6.04 2.80 1.12
Methionine + cystine 2.88 2.84 2.76 2.89 291 2.31 2.99
Phenylalanine + tyrosine 6.41 7.37 6.45 6.53 5.69 6.44 7.21
Threonine 351 4.48 3.65 3.60 3.29 2.79 2.10
Valine 4.21 4.19 3.73 4.14 3.57 2.72 2.97
Tryptophan 0.67 0.88 0.69 1.00 0.81 0.00 0.54
Dispensable amino acid levels (% of protein)
Alanine 5.49 6.03 5.79 5.75 5.51 3.96 2.32
Aspartic acid 7.85 5.13 8.03 7.93 7.70 5.48 291
Glutamic acid 10.92 12.00 10.83 10.77 10.81  19.49 29.27
Glycine 5.15 5.10 5.18 5.73 7.65 4.08 2.93
Serine 3.28 4.08 3.36 3.29 3.86 4.00 4.07
Taurine 0.54 0.28 0.62 0.80 0.72 0.00 0.00
Table 2. Fatty acid profile of fish meal sources

Fatty acid (% of total fatty acids) Danish LT Domestic LT Peru-1 Peru-2 WFM Salmon oil
14:0 7.7 7.6 6.3 5.2 3.4 45
16:0 23.7 32.2 216 225 19.1 13.2
18:0 45 5.8 4.6 31 3.8 2.3
20:0 0.1 14 0.1 0.2 0.1 0.2
16:1n-7 7.9 8.0 6.4 5.9 5.7 5.8
18:1n-(9+7) 12.2 24.3 10.8 21.7 245 33.2
20:1n-(11+9) 0.6 0.6 0.6 2.3 5.9 5.1
22:1n-(11+13+9) 0.8 0.7 0.5 2.7 4.2 4.2
18:2n-6 0.8 1.4 0.8 25 0.7 8.5
20:2n-6 0.1 0.2 0.1 0.3 0.0 0.5
20:3n-6 0.1 0.0 0.1 0.0 0.0 0.1
20:4n-6 (ARA) 1.0 0.4 1.4 0.7 0.7 0.4
22:4n-6 0.1 0.0 0.1 0.1 0.1 0.1
22:5n-6 0.3 0.2 0.3 0.2 0.1 0.1
18:3n-3 0.4 0.3 0.3 1.4 0.3 2.3
18:4n-3 1.4 0.4 13 1.5 1.2 0.9
20:4n-3 0.1 0.1 0.4 0.1 0.4 0.9
20:5n-3 (EPA) 15.6 3.2 17.0 8.3 131 5.8
22:5n-3 (DPA) 21 0.3 2.2 0.9 11 2.2
22:6n-3 (DHA) 12.2 6.3 17.2 15.2 10.6 6.2
22:4n-9 0.5 0.1 0.5 0.2 0.4 0.3
Others 7.9 6.3 7.1 49 4.6 33
Total saturates 36.0 47.1 32.7 31.0 26.4 20.2
Total monoenes 215 33.7 18.3 32.7 40.2 48.2
Total n-3 PUFA 31.7 10.7 38,5 27.4 26.7 18.3
Total n-6 PUFA 2.4 2.2 2.8 38 1.6 9.7
Total PUFA 34.1 12.8 41.3 31.2 28.3 28.0
DHAJ/EPA 0.8 2.0 1.0 1.8 0.8 11
n-3 LC-PUFA 29.9 9.9 36.8 245 25.2 15.1

ARA, Arachidonic acid; EPA, Eicosapentaenoic acid; DPA, Docosapentaenoic acid; DHA, Docosahexaenoic acid; PUFA, polyunsaturated_
fatty acids; n-3 LC-HUFA, n-3 long chai npolyunsaturated fatty acids.

L) filtered through 50 um screen and UV treated was
supplied to each tank at a rate of about 1.2 L min™.
Water parameters such as temperature, dissolved
oxygen and pH were daily monitored with OxyGuard

Handy Gamma DO meter (DK-3460, Birkerod,
Denmark; Deviation 9) and Testo pH meter (Testo,
Victoria, Australia), respectively. Water temperature,
dissolved oxygen, and pH values of the tanks were
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Table 3. Ingredient and proximate compositions of experimental diets

Ingredients (g kg?) Danish LT Domestic LT Peru-1 Peru-2 WFM
Danish FM 637
Local FM 615
Peru-1 FM 673
Peru-2 FM 640
White FM 643
Wheat Flour 248 260 246 268 264
Salmonoil 28 39 22 21 35
Wheat Gluten 50 50 50 50 50
Vitamin® 5 5 5 5 5
Mineral® 1 1 1 1 1
Choline cloride® 2 2 2 2 2
Alpha Cellulose* 28 28 2 13 0
Nutrient composition (g kg™ dry matter)
Dry matter 914 909 918 910 921
Crude protein 575 574 561 563 563
Crude ash 104 82 134 127 128
Crude fat 116 112 109 105 114
Phosphorus 18 18 24 22 25
Gross energy (MJ kg™ 22,5 23,1 21,3 21,3 214
1 Same as Akpmar et al. (2012).
Table 4. Amino acid compositions (g kg protein) of diets used in experiment
Danish LT Domestic LT  Peru-1 Peru-2 WFM
Indispensable amino acids
Arginine 49 54 50 50 53
Histidine 18 24 20 26 15
Isoleucine 34 33 30 34 30
Leucine 62 68 61 64 57
Lysine 60 68 59 61 54
Methionine + cysteine 28 27 27 29 29
Phenylalanine + tyrosine 63 71 63 66 59
Threonine 33 41 34 35 32
Valine 39 39 35 40 35
Tryptophan 6 8 6 9 7
Dispensable amino acids
Alanine 50 55 52 54 52
Aspartic acid 72 49 72 74 72
Glutamic acid 127 136 126 130 129
Glycine 48 47 48 55 70
Serine 33 40 34 34 39
Taurine 5 2 5 7 6

21.25+0.03°C, 8.38+0.01. mg L™ and 7.68+0.04
respectively. An artificial photoperiod fitting natural
day length between 14.11.2008 and 02.01.2009 was
provided throughout the study. Fish were collectively
weighed at weeks 2, 4 and 7. At the commencement
of the study, 15 fish was separated for determination
of initial body composition whereas three fish from
each experimental tank were sacrificed for
determination of condition factor and final body
composition at the end of the experiment. The whole
body samples were kept at -20 °C pending analysis.

Calculations

Metabolic body weight (kg MBW) = (Geometric
mean of initial weight (IW) and final weight (FW))®®

Daily feed intake (DFI) (g kg MBWday™) = (dry
matter intake / MBW®?) / day

Specific Growth Rate (SGR) = [(InFW)-In I1W)
/day] x 100

Feed conversion ratio (FCR) = dry matter intake
/ weight gain

Protein efficiency ratio (PER) = weight gain /
protein fed

Condition factor (CF) = (average weight /
standard length®) x 100

Daily nutrient intake (g kg MBW day™) = [(N,
lipid, energy intake / MBW®®) / days

Daily nutrient gain (g kg MBW day™) = [(final
body weight xfinal body nutrient) — (initial body
weight x initial body nutrient)] / MBW®® / days

Nutrient retention (%) = 100 x (daily nutrient
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Table 5. Fatty acid composition (% of total fatty acids)of diets used in experiment 1

Fatty Acids Danish LT Domestic LT  Peru-1 Peru-2 WFM

14:0 55 5.2 5.1 4.5 3.1
16:0 184 22.0 19.0 20.5 15.7
18:0 3.2 3.7 3.7 2.7 2.7
20:0 0.2 0.8 0.2 0.2 0.1
16:1n-7 5.9 5.9 5.4 5.3 4.7
18:1n-(9+7) 16.8 25.2 15.7 23.9 24.6
20:1n-(11+9) 1.8 2.3 1.6 2.8 4.7
22:1n-(11+13+9) 1.5 1.8 1.2 2.8 35
18:2n-6 8.8 10.4 8.8 10.8 9.7
20:2n-6 0.2 0.3 0.2 0.3 0.2
20:3n-6 0.1 0.1 0.1 0.1 0.1
20:4n-6 (ARA) 0.7 0.3 1.0 0.6 0.5
22:4n-6 0.1 0.1 0.1 0.1 0.1
22:5n-6 0.2 0.1 0.3 0.2 0.1
18:3n-3 15 1.7 14 2.3 1.6
18:4n-3 1.0 0.5 1.1 1.2 0.9
20:4n-3 0.3 0.4 0.5 0.3 0.5
20:5n-3 (EPA) 10.3 35 125 7.0 8.5
22:5n-3 (DPA) 1.7 0.9 1.9 1.0 1.2
22:6n-3 (DHA) 8.4 5.2 12.7 11.8 7.3
22:4n-9 0.4 0.1 0.4 0.2 0.3
Others 5.2 4.0 5.3 3.9 3.2
Total saturates 27.2 31.7 27.9 27.9 21.7
Total monoenes 26.0 35.1 24.0 34.8 375
Total n-3 PUFA 23.1 12.2 30.1 23.6 20.0
Total n-6 PUFA 10.0 11.2 104 12.0 10.6
Total PUFA 33.1 235 40.6 35.6 30.6
DHA/EPA 0.7 1.3 0.9 15 0.7
n-3 LC-PUFA 20.6 10.0 27.7 20.1 175

ARA Arachidonic acid; EPA,Eicosapentaenoic acid; DPA, Docosapentaenoic acid; DHA, Docosahexaenoic acid; PUFA,
polyunsaturated fatty acids; n-3 LC-HUFA, n-3 long chain polyunsaturated fatty acids.

gain / daily nutrient intake).
N loss (g kg WG™) = (N intake — N deposited) /
weight gain (WG).

Chemical Analysis

Fish samples were homogenized using a kitchen
meat chopper (Tefal Le Hachoir 1500, Ecully Cedex,
France). Proximate analysis, except crude lipid, of
ingredients, 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 muffle 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). Phosphorus analysis of
the experimental diets was conducted according to
Tanner et al. (1999). Amino acid compositions of
ingredients, experimental diets were determined using
an automatic amino acid analyzer (JLC-500/v; Jeol,
Tokyo, Japan) following digestion of samples with
4N methanesulfonic acid for 24 hours at 110 °C. Fatty
acid profiles of FMs and experimental diets were
determined according to (Alimuddin et al., 2005)
following extraction of total lipid using the
chloroform—methanol (2:1) (Folch et al., 1957). Gross

energy levels of ingredients, diets and fish samples
were estimated using the conversion factors of 39.5,
23.7 and 17.2 for lipid, protein and carbohydrate
levels, respectively. Histamin levels of FMs were
determined with an HPLC method after dansyl
derivatiation by Japan Food Research Laboratories,
Tokyo, Japan.

Statistical Analysis

The experimental design was a completely
random scheme, five levels of treatment (FM diets)
and three replicates (tanks per treatment). Normality
and homogeneity were checked by Shapiro-Wilk W
Test and Bartlett’s test, respectively. All percentage
values were arcsine transformed before analysis of
variance. One-way analysis of variance (ANOVA)
followed by Tukey HSD post hoc test was used to
detect the significant differences between the
treatments. A significance level of P<0.05 was used.
A Statistical package JMP v.8.0 for Windows was
used for all statistical analyses.

Results

At the end of the study, FW and SGR values of
fish fed WFM diet were significantly lower than the
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others except for those fed Peru-1 (Table 6). Over the
first four weeks of the study, mean weights of fish fed
Peru-1 and WFM diets, the former in particular, were
lower than the other groups. During the last three
weeks WFM fed fish remained lower as opposed to
those fed Peru-1 which performed better and were
statistically comparable to other treatments. There
were no significant differences in the amounts of FI
among the treatments. However, when FI was
computed as DFI per MBW, a significant difference
between fish on WFM and Peru-2 diet appeared. The
FCR and PER of fish on WFM diet was significantly
worse than those on the other diets. These variables of
fish on Peru-1 diet were also significantly worse than

those on Peru-2 diet but similar to those on Danish LT
and Domestic LT diets. CFs of fish were not
significantly affected by the treatments. Final whole
body compositions of shi drum were similar among
the treatments, except lipid which was significantly
lower in fish on WFM than those on Danish LT
(Table 7).

N, lipid and energy balances obtained from the
treatments are presented in Table 8. The N intake and
gain values were not significantly altered regardless
of FMs used. However N retention values differed
among the treatments, with a significantly higher
value in fish fed Peru-2 than those fed Peru-1 and
WFM. An exactly inverse pattern of this was

Table 6. Growth and feed utilization of shi drum fed various commercial FMs for 49 days

Danish LT Domestic LT Peru-1 Peru-2 WFM Pooled SEM
IW (g fish™T) 25.08 25.22 2472 2506  25.19 0.25
W (g fish™) (week 2) 40.75° 39.73° 35.00°  41.19° 37.78®  0.94
W (g fish™) (week 4) 51.64° 50.97% 4451° 51.97°  46.06°  1.07
FW (g fish™) 65.03 65.12° 62.21%  66.61°  57.58° 1.43
FI (gfish™) 45.76 45.05 47.37 4383  46.87 1.48
DFI (g kg MBW®® day®) 12.17% 11.95% 12.89® 1155  13.06°  0.33
SGR (% day™) 1.94° 1.94° 1.88% 1.99° 1.68° 0.06
FCR 1.15" 1.13% 1.26° 1.06° 1.45° 0.03
PER 1.52% 1.54%® 1.41° 1.69° 1.23° 0.04
CF 2.18 2.18 2.13 2.06 2.01 0.06

Mean values (n=3) and pooled standard error of mean (SEM) are presented for each variable. Means in the same row with different
superscript are significantly different (P<0.05). IW, initial weight; W, weight; FW, final weight, FI, feed intake (dry matter basis); DFI, daily
feed intake (dry matter basis), FCR, feed conversion ratio; SGR, specific growth rate; DFI, daily feed intake; MBW, metabolic body weight;

PER, protein efficiency rate;CF, condition factor.

Table 7. Whole body composition (g kg wet weight™) of shi drum fed various commercial FMs for 49 days

Initial Danish LT Domestic LT Peru-1 Peru-2 WFM Pooled SEM
Dry matter 190 276 275 277 271 268 2.4
Lipid 25 49 47%® 46% 43%® 40° 2.0
Protein 130 178 183 182 180 181 2.2
Ash 41 41 41 41 40 43 1.0

Mean values (n=3) and pooled standard error of mean (SEM) are presented for each variable. Means in the same row with different

superscript are significantly different (P<0.05).

Table 8. N, lipid and energy balances in shi drum fed various commercial FMs for 49 days

Danish LT Domestic LT Peru-1 Peru-2 WFM Pooled SEM
N
Intake (g kg MBW®® day™®) 1.12 1.10 1.16 1.04 1.18 0.03
Gain (g kg MBW®® day™) 0.36 0.37 0.35 0.37 0.32 0.01
Retention (%) 31.71%¢ 33.34%® 3050  3551°  27.11°  1.03
Loss (g kg WG™) 72.10™ 69.23 78.83" 61.42°  95.49°  3.09
Lipid
Intake (g kg MBW°E day™) 1.41° 1.33%® 1.40° 1.22° 1.49° 0.04
Gain (g kg MBW®8 day™) 0.69° 0.64° 0.61% 0.59% 0.46" 0.03
Retention (%) 48.70° 4791 4358 4835 3059  2.63
Energy
Intake ( kcal kg MBW2 day™) 273.79%® 275.78% 27454®  24555°  280.06° 7.24
Gain (kcal kg MBW®® day™) 79.68° 79.43° 76.35° 77.85%  65.18"  1.95
Retention (%) 29.14° 28.80° 27.86° 31.73°  2328° 084

Mean values (n=3) and pooled standard error of mean (SEM) are presented for each variable. Means in the same row with different
superscript are significantly different (P<0.05). MBW, metabolic body weight; WG, weight gain.
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observed in N losses to the to the environment, being
highest in fish on WFM diet, followed by those on
Peru-1, Danish LT, Domestic-LT and Peru-2 diets.

Peru-2 diet fed fish ingested significantly less
lipid than those on WFM, Danish LT and Peru-1
diets, but similar to Domestic-LT. Interestingly, lipid
gains by WFM diet fed fish were lower than those on
the other FMs except Peru-2. Lipid retention values of
fish fed WFM diet was also poor and the significantly
lower than the others. The trend in energy intake
values was the same as DFIl. Energy gain and
retentions were significantly dropped only in WFM
diet fed fish.

Discussion

The same diets in a sister study with turbot
performed a comparable growth rate and feed
utilization (Sevgili et al., 2014). However, the FM
sources in the present experiment significantly
affected growth and feed utilization of juvenile shi
drum within a period of 7 weeks. Fish on WFM diet
performed worse than the others except Peru-1. In
consistent with observations of Aksnes and
Mundheim (1997), an adaptive growth response in
fish fed Peru-1 diet over the study period was the
case. Several factors such as starting species, type of
raw material, processing methods and conditions, and
raw material freshness play a role in the quality of
FMs (Hardy and Masumoto, 1990; Pike et al., 1990b;
Hardy, 1996). The poor performance of WFM group
cannot be explained by a freshness problem because
its histamine content was the lowest among the FMs.
Furthermore, the histamine levels of all FMs used
were much lower than the levels that caused
histological and morphological abnormalities in
digestive systems of fish (Watanabe et al., 1987;
Fairgrieve et al., 1994). Also, it is known that high
levels of biogenic amines in FM may not necessarily
result in poor growth in fish (Fairgrieve et al., 1994).

There was a remarkable variation in fatty acid
compositions of FMs and experimental diets. Fatty
acid profile of Domestic LT differed from the others,
particularly being higher in 16:0, 18:1n (9+7) and
lower in n-3 LC-PUFA (EPA, DHA), which was also
the case in the corresponding diets. Accordingly, LC-
PUFA levels of the diets varied between 10% in
Domestic LT and 27.7% in Peru-1. However, since
the growth and other response levels by Domestic LT
diet were always numerically better than WFM, Peru-
1 and Danish LT diets, we can argue that the
variations in n-3 LC PUFA levels did not have an
apparent effect on the growth and other responses.
Indeed, n-3 LC-PUFA content of Domestic LT diet
can be estimated to be around 1.1% and this level
seems to cover essential fatty acid requirements of shi
drum if it is considered as equal to the requirements
(0.5-1.0%, (NRC, 2011) of red drum (Sciaenops
ocellatus), a closely related species.

Since we did not measure nutrient digestibility

coefficients of the diets, it is difficult for us to
comment on impacts of the FM sources on the
observed responses. However, LT FMs are generally
known to provide a better growth performance and
FCR than regular FMs in Atlantic salmon, Salmo
salar (Pike et al., 1990b; Anderson et al., 1993),
chinook salmon, (Hardy and Masumoto, 1990),
wolfish, Anarhichas lupus (Moksness et al., 1995),
gilthead sea bream, (Aksnes et al., 1997) and Atlantic
halibut (Aksnes and Mundheim, 1997). In consistent
with these observations to a certain degree, a better
growth, FCR and PER by Peru-2, Danish LT,
Domestic LT than Peru-1 were observed in the
current study. However, some other factor/s should
also have played a role in altered responses at the end
of the experiment. Indeed, a closer look at protein
utilization data reveals that protein qualities of the
FMs could have been one of the major decisive
factors. PER and N retentions by experimental fish
suggest that WFM and Peru-1 had poor protein
quality whereas Peru-2 had the best for shi drum.
Although individual digestibility coefficients of
amino acids are not available here, we may speculate
that amino acid profile of Peru-2 diet can be a good
reference to compare those of other FMs. An
attempted to calculate relative amino acid profiles of
other diets in comparison to Peru-2 diet by simply
dividing each amino acid level of a diet by each of
Peru-2 diet (Figure 1) revealed that WFM was
deficient in several essential amino acids including
histidine, branched chain amino acids (leucine,
isoleucine and valine), lysine, phenylalanine+tyrosine
and tryptophan. One striking result from the present
study is that two Peruvian FMs performed quite
differently. This could be partly resulted from that
Peru-1 diet was lower in histidine, isoleucine, valine
and tryptophan than Peru-2 diet. Another possible
explanation could be that Peru-2 was produced under
more gently processing conditions than Peru-1 which
was flame dried. Harsh production conditions such as
excessively high temperature are already known to
reduce nutrient availability of FMs for fish (Aksnes
and Mundheim, 1997).

In the present experiment, DFI of fish on WFM
diet was significantly higher than those on Peru-2
diet. This does not imply diet Peru-2 diet has a
palatability problem; rather, it suggests that WFM
could have lower quality for juvenile shi drum
considering that low nutritional quality of FMs if not
a result of raw material spoilage is generally
compensated by a higher level of consumption by fish
(Aksnes and Mundheim, 1997; Mundheim et al.,
2004). In the study of turbot, DFI of the WFM diet
was lower than Peru-1 diet, which was not the case in
the present study (Sevgili et al., 2014), emphasizing
the importance of species specific differences in
response to the same FM sources. Aksnes and
Mundheim (1997) reported that lower quality FM due
to high temperature processing led to a reduction in
protein retention and increase in lipid deposition in



36 H.Sevgili et al / Turk. J. Fish. Aquat. Sci. 15: 29-38 (2015)

Arginine
1,2

Tryptophan 1,1

Valine

Threonine *

Phenylalanine
+ Tyrosine

Methionine +

cystine

—t=WFM
~#-Peru-1
w—im=Equali
Histidine Ay
—=Local LT
~==Danish LT

Isoleucine

Leucine

Lysine

Figure 1. Relative amino acid profiles of WFM, Peru-1, Danish LT and Domestic LT compared with Peru-2 that was
accepted as 1. A value of 1 indicates equality between Peru-2 and other FMs.

Atlantic halibut. Apparently this was not the case in
the present study since the highest lipid deposition
occurred in Danish LT fed fish. Our results from
WEM diet are not consistent with those of Forster et
al. (2004; 2005) and Hasimoglu et al.(2007), who
reported that WFM promoted a good growth rate in
fish and shrimp. This contradiction could be resulted
from variations in nutritional compositions of WFM
that could occur between production batches, because
it is largely produced from processing wastes of
pollock and cod, and proportions and nutrient
compositions of these by products can be inherently
variable depending on season and production methods
(Hardy and Masumoto, 1990; Rabbitt, 1990; Bechtel
and Johnson, 2004; Forster et al., 2005). Briefly, it
should be underlined that even though WFM and
Peru-1 appears to have lower protein quality,
nutritional quality of an FM may show some
variations from season to season or even batch to
batch.

The findings of the present experiment clearly
show that not all FMs sources have a similar
nutritional value for juvenile shi drum. Low quality of
FMs could not only cause depressions in growth and
nutrient retentions but also an increase in N losses to
the environment. Amino acid profile of Peru-2 diet
could be taken as example in future shi drum diet
formulations considering its growth and feed
utilization as well as protein quality data until more
information on amino acid nutrition of this species
becomes available.
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