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Abstract:

The aim of this study was to estimate the optimum dietary lysine requirement of juvenile Eura-
sian perch (Perca fluviatalis), and to investigate the influence of different dietary lysine levels
on growth, carcass composition, somatic indices and haematocrit value. A total of 240 juvenile
perch was included in a 12-week feeding study. Based on the whole body amino acid profile of
in total 48 perch of three different weight groups, eight semi-purified diets containing graded
levels of lysine (L1-L8) were produced. The diets contained approximately 12% crude lipid
and 40% crude protein and the lysine level varied from 12.2 (L1) to 24.3 (L8) g kg dry matter
(DM). Approximately 40% of the total nitrogen content in the diets was in the form of protein-
bound amino acids. The ideal protein concept was applied for estimation of the amino acid re-
quirements. Fish fed diets L5-L8 (18.3-24.3 g lysine kg DM) had higher final body weight,
weight gain, protein gain and specific growth rate (P<0.001) than fish fed diets L1-L4 (12.2-
17.3 g lysine kg* DM). Dietary lysine level did not significantly affect intraperitoneal fat,
haematocrit value and carcass composition. The results indicate that the lowest lysine level re-
quired for optimal growth performance in Eurasian perch is 18.3 g lysine kg™ DM.
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Jiivenil Tathsu Levregi (Perca fluviatalis)’nin Diyet Lizin
Ihtiyaci

Bu calismanin amaci jiivenil tathsu levregi (Perca fluviatalis)’nin optimum diyet lizin
ihtiyacinin belirlenmesi ve diyetinde bulunan farkli lizin diizeylerinin biiylime, karkas
kompozisyonu, somatik indeksi ve hematokrit degeri iizerine etkilerinin incelenmesidir. Bu
calismada toplamda 240 jiivenil tathisu levregi 12 hafta boyunca siiren yemleme ¢aligmasina
dahil edilmistir. Ug farkl agirlik grubundan 48 tatlisu levregi drneginin tiim viicut aminoasit
profiline goére sekiz adet farkli diizeylerde lizin igeren yari-saf diyet (L1-L8) grubu
olusturulmustur. Diyetler, yaklasik olarak %12 ham lipit, %40 ham protein ve kuru maddede
(KM) 12.2 g/kg (L1) ile 24.3 g/kg arasinda degisen miktarlarda lizin icermektedir. Diyetlerdeki
toplam azotun yaklasik %40’1 proteinlere bagli aminoasitler formundadir. Aminoasit
ihtiyacinin belirlenebilmesi i¢in ideal protein konsepti uygulanmistir. L5-L8 arasindaki diyet
gruplariyla (18.3 — 24.3 g lizin /kg KM) beslenen baliklarda, L1-L4 (12.2 — 17.3 g lizin /kg
KM) arasindaki diyet gruplariyla beslenen baliklara gére deney sonunda daha yiiksek viicut
agirligi, agirhik artisi, protein kazanimi ve 6zgiil biiylime orani (P<0.001) elde edilmistir. Diyet
lizin seviyesinin, karin i¢i yag miktari, hematokrit deger ve karkas kompozisyonunu belirgin
bicimde etkilemedigi goriilmiistiir. Bu g¢aligmanin sonuglari, tatlisu levreginde optimum
biiylime performansi i¢in ihtiyag duyulan en disiik lizin seviyesinin 18.3 g lizin /kg KM

oldugunu goéstermistir.

Anahtar Kelimeler: Tatlisu levregi, Lizin ihtiyaci, Esansiyel amino asitler, Bliyiime, Viicut
kompozisyonu, Ideal protein

Introduction

Eurasian perch (Perca fluviatalis) has been
identified as a potential species for fish culture
(Kestemont and Dabrowski, 1996). There is a
high market demand for perch in Europe and the
catch of wild perch is not sufficient to meet this
demand. One of the identified bottlenecks to a
profitable culture of perch is the lack of infor-
mation about its nutrient requirements. Few nutri-
tional studies have been conducted with Eurasian
perch this far, and diets are not standardised.
Fiogbe et al. (1996) studied the effects of crude
protein (CP) level in juvenile Eurasian perch, and
concluded that 370-440 g CP kg diet results in
the most effective nutrient utilisation. Previous
studies have examined the optimal dietary protein
to energy ratio in yellow perch (P. flavescens)
(Ramseyer and Garling, 1998) and the protein re-
quirement is reported to be below 300 g CP kg*
diet (Brown et al., 1996; Ramseyer and Garling,
1998; Schaeffer et al., 2011). This is markedly
lower than the requirement reported for Eurasian
perch.

Several studies have investigated the dietary
amino acid (AA) requirements of yellow perch
with regard to the AA composition of the ovaries,
muscle and whole body (Ramseyer and Garling,
1994), dietary arginine and sulphur AA require-
ments (Twibell and Brown, 1997; 2000), optimal
dietary AA profile (Hart et al., 2010) and the ef-
fect of a lysine-supplemented diet (Kwasek et al.,
2012). However, to our knowledge there are no
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published data on the AA requirements of Eura-
sian perch.

Lysine is the AA found in highest concentra-
tions in the carcass of several fish species
(Wilson and Cowey, 1985; NRC, 2011) and it is
the first-limiting indispensable AA (1IAA) in most
protein sources used for commercial feed produc-
tion (Hauler and Carter, 2001). When combined
with the ideal protein concept, the lysine re-
guirement can be used to predict the requirements
of other IAA in an animal species. The ideal pro-
tein concept has been applied for estimation of
the AA requirements of fish, based on the whole-
body tissue of a given fish species (Green and
Hardy, 2002; Rollin et al., 2003; Furuya et al.,
2004). The ideal protein concept proposes that
the optimum dietary 1AA requirements be con-
sidered as proportions relative to total IAA, usu-
ally expressed as per cent of lysine.

The objectives of this study were to assess the
dietary lysine requirement of juvenile Eurasian
perch fed a semi-purified diet using growth per-
formance, somatic indices and blood haematocrit
value as response parameters; and to estimate the
requirement for the other IAA (except trypto-
phan) using the ideal protein concept. The work-
ing hypothesis was that the dietary AA require-
ments of Eurasian perch are different from those
of yellow perch.
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Materials and Methods
Fish and facilities

The first generation offspring of Eurasian
perch collected as eggs in the wild were obtained
from a commercial fish hatchery (Ostgds AB,
Sdderkoping, Sweden) and brought to the Swe-
dish University of Agricultural Sciences, Uppsa-
la, Sweden. The fish were stored in a 1000-L
flow-through tank and fed a commercial diet (nu-
trient composition, g kg DM: crude protein:
410-450; crude lipid: 130-170; ash: 60) to appar-
ent satiation twice daily. The health status of the
fish was checked by the National Veterinary In-
stitute, and no anatomical, pathological or histo-
logical anomalies were found. One week prior to
experimental start 240 fish (41.7 £ 8.1 g; mean
SD) were randomly placed in groups of 10 in 24
experimental units (consisting of 200-L glass
aquariums divided in two by a sponge filter) or-
ganised into three floors. Fish within each floor
were randomly assigned to one of eight treat-
ments (L1-L8). The experimental aquariums
were connected to an indoor recirculating system
with mechanical and biological filtration, and UV
treatment. Water replacement rate in the system
was about 20% ht. Each aquarium was supplied
with two water inlets, recirculating water and
freshwater (water flow 5.0 L min* and 1.0 L min-
! respectively; 22-23 °C), water outlets at bottom
and top and continuous aeration. Feed waste and
faeces were removed every second day from the
tanks, which were totally cleaned once a week
manually with a vacuum cleaner. During the ex-
periment water conditions were monitored week-
ly. Dissolved oxygen concentration ranged from
7.4 to 8.5 mg L (HQ 40d, Hach Lange GmbH,
Berlin, Germany), pH from 7.5 to 8.0, ammoni-
um-nitrogen (N) from 0.0 to 0.5 mg L and ni-
trate-N from 25.0 to 50.0 mg L (below the de-
tection limit for nitrate-N) (Sera aqua-test box,
Heinsberg, Germany). The diurnal light: dark cy-
cle was 12:12 h. The experiment was performed
in compliance with laws and regulations on pro-
cedures and experiments in live animals in Swe-
den, which are overseen by the Swedish Board of
Agriculture.

Diets and feeding

Prior to the experiment the amino acid profile
of the whole body, excluding viscera, of 48
farmed Eurasian perch fed a commercial diet
(Table 1) was analysed. Fish were classified into
three groups according to body weight: small

(mean 7.6 g, n=40), medium (69.8 g, n=4) and
large (420.2 g, n=4). Based on these findings,
eight semi-purified, iso-nitrogenous and iso-
energetic experimental diets containing graded
levels of lysine (diet code L1-L8) were produced.
Fish meal, casein and gelatine were used as pro-
tein sources, and were supplemented with mix-
tures of dispensable amino acids (DAA) and in-
dispensable amino acids (IAA), excluding lysine
(Table 2). Approximately 40% of the total N con-
tent in the diets was in the form of protein-bound
amino acids. To maintain iso-nitrogenous diets,
L-glutamic acid was used to balance diets L1-L7
on a molal (mol kg?) basis. Minerals and vita-
mins were added to the diets in accordance with
earlier studies on feeding semi-purified diets to
yellow perch (Twibell and Brown, 1997). The
diets were produced by cold-pelleting in a meat
grinder (MR9-TC22, Nima maskinteknik AB,
Orebro, Sweden) (3.5 mm die) and the strains
formed were dried (forced air oven; 50 °C, 24 h),
chopped and screened (2.5 mm) to obtain an ap-
propriate size of pellets. The pellets were stored
at -25 °C until feeding.

During the adaption period, the fish were fed
a commercial diet by hand to apparent satiation
twice daily. During the first week of the experi-
mental period, fish were fed the experimental di-
ets by hand to apparent visual satiation, to allow
them to adapt to the diets and to estimate the ap-
parent visual satiation. Excess rations (100% of
satiation=full ration) of each diet were constantly
fed for 11 hours a day, 6 days a week, with auto-
matic feeders. The feed allowance of each tank
was adjusted every third week.

Due to a high stress response in the fish at
cleaning, we were unable to collect feed wastes
to a satisfactory level. Consequently, feed intake
had to be excluded from our data, which made it
impossible to calculate the actual quantities of
protein and lysine ingested.
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Sampling

Before the start of the experiment with graded
levels of lysine, fish fed the commercial diet and
classified into three groups according to body
weight were sacrificed and stored at -25 °C for
later analysis of initial whole body (except vis-
cera) (Table 1). Prior to the feeding of the exper-
imental diets, all fish were mildly anaesthetised
(tricaine methanesulfonate, MS222; Western
Chemical Inc., Ferdale, WA, USA) and individu-
ally weighed. At the end of the experiment, all
fish were anaesthetised (MS222), individually
weighed, a blood sample was collected from the
caudal vein by cutting off the caudal fin and the
fish were finally killed by cutting the brachial
arches. Blood was collected in Na-heparinized
micro haematocrit tubes and centrifuged at
14 000xg for 2 minutes for determination of
haematocrit value (Hct). The fish were then dis-
sected and liver, intraperitoneal fat and final parts
of viscera removed and weighed for calculation
of the hepatosomatic index, viscerosomatic index
and intraperitoneal fat ratio. For whole body
composition analysis, three fish from each tank
were randomly selected.

Chemical analysis

Feeds and fresh carcasses were homogenised
(B-400, Biichi Labortechnik AG, Flawil, Switzer-
land), freeze-dried and ground through a 1-mm
screen (Tecator Cyclotec 1093, Hbganas, Swe-
den) and then stored at -25 °C. Feeds and car-
casses were analysed for dry matter (DM) (103
°C for 16 h in a well-ventilated oven, cooling in
desiccator before weighing) and ash (550 °C for
at least 3 h and until the ash had a white colour,
cooling in desiccator before weighing), and total
nitrogen (N) was determined by the Kjeldahl
method using a 2020 digestor and a 2400 Kjeltec
Analyser unit (FOSS Analytical A/S, Hillerdd,
Denmark). The crude protein content was calcu-
lated as Nx6.25 (Nordic Committee on Feed
Analysis, 1976). Amino acid content of feeds and
fish was analysed by high-performance liquid
chromatography at a certified laboratory (Eu-
rofins Food & Agro Testing Sweden AB, Linko-
ping, Sweden), as described by Llames and
Fontaine (1994). Briefly, samples were oxidised
with performic acid for 16 h prior to hydrolysis
for 23 h with 6N HCI. Individual amino acids
were separated on an ion-exchange chromato-
graph (Biochrom 30 amino acid analyser, Bio-
chrom Ltd., Cambridge, England) and the peaks
were identified, integrated and quantified with
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EZChrom Elite (Biochrom Ltd., Cambridge,
England). Crude lipid was determined according
to the Official Journal of the European Commu-
nities (1984), using a 1047 Hydrolysing Unit and
a Soxtec System HT 1043 Extraction Unit (FOSS
Analytical A/S, Hilleréd, Denmark). Gross ener-
gy was determined with an isoperobol bomb cal-
orimeter (Parr 6300, Parr Instrument Company,
Moline, IL, USA; Table 3).

Calculations

Weight gain (WG) and specific growth rate
(SGR) were used as indicators for growth and
protein gain (PG) was used as an indicator for
protein utilisation. WG, SGR and PG were calcu-
lated according to the following equations:

WG (%)=(FW—IW)x100/IW
SGR (% day™)=(logFW-logIW)x100/day

PG (%)=(FWxCP§/100-IWxCP,/100)x100/(IWx
CP//100)

where FW is the final body weight (g), IW is the
initial weight (g), CPr is the final crude protein
content in the body (%) and CP, is the initial
crude protein content in the body (%). The rela-
tive weights of liver, intraperitoneal fat and vis-
cera were expressed as hepatosomatic index
(HSI), viscerosomatic index (VSI) and intraperi-
toneal fat (IPF), and were calculated according to
the following equations:

HSI (%) = (WLi/LW)x100
VSI (%) = (Wuis/LW)x100
IPF (%) = (Winee/LW)x100

where LW is the live weight of the fish (g), WLiv
is the weight of the liver (g), Wi is the weight of
the viscera (g) and W is the weight of the in-
traperitoneal fat (g).

Statistical analysis

The statistical analysis was conducted using
the SAS programme version 9.3 (SAS Institute,
Inc, Cary, NC, USA). The effect of fish size on
carcass composition of perch fed a commercial
diet was evaluated with Proc GLM, with fish size
(small, medium and large) as fixed factors. The
effect of experimental diet on growth, survival,
carcass composition, body indices and haemato-
crit value was evaluated with Proc Mixed, fol-
lowed by the Tukey’s Multiple Comparison test.
The model included the fixed factor of treatment
(lysine level) and the random factor of aquarium.
The effect of floor was also tested as a fixed fac-
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tor, but no significant effect was found and it was
therefore excluded from the model. When treat-
ments L1-L4 were compared with treatments L5-
L8 the model included the fixed factor of group.
Agquarium was used as the experimental unit for
growth performance, body composition and sur-
vival, whereas fish was used as the experimental
unit for HSI, VSI, IPF and Hct. The level of sig-
nificance was set at P<0.05 and a tendency at
P<0.10.

Results and Discussion

Whole body analyses of the perch fed the
commercial diet showed that large perch had a
lower protein content in their body than small
and medium-sized perch (P<0.001) (Table 1).
The fat and ash content was also lower in large
perch than in small and medium-sized perch
(P<0.001 and P=0.012, respectively). The lysine
content was highest in small fish (P=0.005), as
was the content of histidine, leucine and phenyl-
alanine.

The fish ate well during the whole experi-
ment. A total of 25 fish died (10.4%), but there
was no relationship between dietary treatment
and mortality. Growth performance, somatic in-
dices, survival rate and haematocrit change of ju-
venile perch fed the experimental diets are sum-
marised in Table 4. The mean final weight was
64.6£16.0 g, with minimum and maximum
weights of 35.9 and 114.6 g, respectively. Fish
fed diets L6 and L8 had a higher FW (P<0.001)
than fish fed diets L1, L2, L3 and L4. There was
a tendency for fish fed diet L4 to have a lower
FW than fish fed diet L5 (P=0.069). Fish fed the
highest inclusion level of lysine had higher WG
(P=0.049; Table 4) than fish fed the lowest inclu-
sion level. The WG of fish in treatment L4 was
unexpected low. The PG was poorer in fish fed
diets L1-L4 than in those fed diet L8 (P=0.002;
Table 4). SGR did not differ between treatments
with the exception of fish fed diets L3 and L8
(P=0.005). However, there was a tendency for
fish fed diet L8 to have a higher SGR than fish
fed diets L1 and L4 (P=0.057 and P=0.067, re-
spectively), and for fish fed diet L3 to have a
lower SGR than those fed diets L5 and L6
(P=0.075 and P=0.085, respectively).

Comparison between treatments L1-L4 and
treatments L5-L8 resulted in significant differ-
ences in FW (51.6 vs. 69.7 g), WG (44.9 vs.
65.4%), PG (27.5 vs. 47.9%) and SGR (0.44 vs.
0.60% day?) (P<0.001 for all).

Fish fed diets L5, L6 and L8 had a lower HSI
than fish fed diets L1 and L4 (P=0.001). Fish fed
diets L5-L8 had a lower VSI than fish fed diet L1
(P=0.043). There was no effect of dietary treat-
ment on IPF and Hct. When treatments L1-L4
were compared with treatments L5-L8 significant
differences in HSI (2.8 vs. 2.3) and VSI (11.1 vs.
10.4%) (P<0.001 and P=0.004 respectively) were
observed.

Feeding juvenile perch the experimental diets
did not affect (P>0.05) the whole body composi-
tion. Across treatments, the body composition
was: DM (g kg?') 2822+19.8 (P=0.622,
s.e.=1.21); crude protein (g kgt DM): 675.5+12.0
(P=0.683, s.e.=0.79); crude lipid (g kg DM):
125.7+7.8 (P=0.836, s.e.=0.46) and ash (g kg’
DM): 216.4+8.0 (P=0.255, s.e.=0.52).

The average IAA composition in the whole
body of fish from all groups fed the commercial
diets were calculated and are presented together
with published values for yellow perch, rainbow
trout (Oncorhynchur mykiss) and Arctic charr
(Alpinus salvelinus). Based on the values from
the present study, the IAA requirements of Eura-
sian perch were estimated using the ideal protein
concept (Table 5).

In our study fish fed 18.3 g lysine kg* DM or
more had a higher weight gain (WG) and protein
gain (PG) than fish fed diets containing less ly-
sine. The response in WG and PG to increasing
lysine content in the diet was not proportional at
the lowest levels of inclusion. In addition, there
were large variations in growth response between
replicates which may be related to poor feed in-
take in individual fish within replicates. Undo-
mesticated perch is sensitive towards stress,
which may reduce growth due to the increased
energy consumption and a lower feed intake
(Jentoft et al., 2005; Strand et al., 2007). Thus,
due to large variation between replicates and few
replicates we were unable to get an acceptable fit
of our data to the broken line model or the satura-
tion kinetic model for WG and PG as a function
of lysine level. However, the lowest lysine level
(18.3 g kg DM) resulting in improved protein
gain in our study was slightly lower compared
with values reported for other species; 20.0 and
22.0 g kgt DM in Atlantic salmon (Salmo salar,
Anderson et al., 1993; Espe et al., 2007); 21.0 ¢
kg! DM in Asian sea bass (Lates calcarifer,
Murillo-Gurrea et al., 2001); 20.0 g kg DM in
milkfish  (Chanos chanos, Borlongan and
Benitez, 1990) and 23.2 g kg* DM in silver perch
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(Bidyanus bidyanus, Yang et al., 2011). Howev-
er, the value found in the present study is higher
than the dietary lysine requirement reported for
hybrid striped bass (Morone chrysops X M. sax-
atilis); 14.0 g kg* DM (Griffin et al., 1992) and
Nile tilapia (Oreochromis niloticus); 14.3 g kg*
diet (Santiago and Lovell, 1988). It is possible
that our estimate of the dietary lysine require-
ments could be slightly overestimated as the uti-
lization of crystalline amino acids can be lower
than the utilization of protein-bound amino acids.
However, on the contrary, if the fish did not
reach their maximum growth capacity, the ob-
tained requirement might be slightly underesti-
mated. Therefore, the result from this study needs
to be verified under practical conditions.

Several authors have reported that protein uti-
lisation is a more sensitive parameter of dietary
lysine deficiency than weight gain (Gahl et al.,
1991; Rodehutscord et al., 1997; Encarnacao et
al., 2004; Grisdale-Helland et al., 2011). In addi-

tion to protein, body weight gain includes lipids,
ash and water, which will affect the precision of
the estimates if the retention of these compounds
differs between treatments. Gahl et al. (1995)
demonstrated that for pigs, the responses in pro-
tein and lysine gain approached a plateau at a
considerably higher level (120 or 145% of the es-
timate lysine requirement) than the response in
weight gain, which was observed at approximate-
ly 100% of estimated lysine requirement. A high-
er response in protein and lysine gain compared
with weight gain has also been reported in Atlan-
tic salmon (Grisdale-Helland et al., 2011), but not
in rainbow trout (Kim et al., 1992b), black sea
bream (Sparus macrocephalus; Zhou et al.,
2010) or grass carp (Ctenopharyngodon idella;
Wang et al., 2005). However, in the present
study, the correlation between dietary lysine con-
tent and protein gain (r = 0.50) was similar to that
of weight gain (r = 0.48).

Table 1 Carcass composition of three different sizes of Eurasian perch (g kgt DM)

Fish size
Small* Medium?  Large? s.e. P-value
Proximate analysis
Crude protein 7212 7172 657° 5.33 <0.001
Crude fat 1022 106° 151° 3.45 <0.001
Ash 1782 169° 192° 7.31 0.012
Indispensable amino acids
Arginine 42.92 42.0%® 41.4 0.30 0.026
Histidine 18.3% 17.3° 16.9° 0.24 0.008
Isoleucine 29.6 28.4 26.8 0.68 0.052
Lysine 56.92 53.8° 52.4° 0.74 0.005
Methionine 20.4 19.6 18.4 0.19 <0.001
Phenylalanine 26.7° 25.4° 24.7° 0.27 0.002
Leucine 49.0° 47.1° 44.8° 0.49 <0.001
Threonine 29.4° 28.5% 27.5° 0.33 0.008
Valine 32.3 31.4 29.9 0.59 0.061
Sum 305.5 293.5 282.8
Dispensable amino acids
Alanine 46.5 46.7 46.3 0.39 0.716
Aspartic acid 67.6 65.1° 63.5° 0.53 0.001
Cysteineg®* 7.3 6.9 6.4 0.11 0.004
Glutamic acid 100.72 96.5° 92.1° 0.92 <0.001
Glycine 55.9 61.4° 61.2° 1.01 0.006
Proline 33.1 34.9 35.8 0.88 0.159
Serine 311 30.3 29.3 0.52 0.100
Tyrosine* 20.7° 18.7° 18.5° 0.28 <0.001
Sum 362.9 360.5 353.1

Values within the same row with different superscripts are significantly different (P<0.05).

Data are presented as least square means. s.e. = pooled standard error.

IMean values, n = 40.
2Mean values, n = 4.

3Cysteine = amount present after oxidation of cysteine and cystine to cysteic acid.

“Conditionally indispensable (NRC, 2011).
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The SGR in the present study varied between
0.41 and 0.63% day?, which is an acceptable
growth rate. Few studies have been published re-
garding SGR of Eurasian perch of the same size
as used here (mean initial weight = 41.7 g). A
SGR of 0.5% day* for 15.8-22.7 g perch housed
under similar conditions as in the present study
was reported by Melard et al. (1996); Kestemont
et al. (2001) and Fiogbe and Kestemont (2003).
Furthermore, Cho et al. (1992) and Kim et al.
(1992a; b) obtained acceptable growth with diets
containing high levels of crystalline amino acids.
However, Peres and Oliva-Teles (2005) showed
that if high levels of dietary protein (more than
19%) were replaced with crystalline amino acids
in juvenile turbot (Scophthalmus maximus) diets
the growth performance was depressed. It has
been shown in several fish species that crystalline
amino acids are more rapidly absorbed, and/or
absorbed earlier in the alimentary canal than pro-

tein-bound amino acids (Yamada et al., 1981b;
Kaushik and Dabrowski, 1983; Cowey and
Walton, 1988; Zarate and Lovell, 1997; Zarate et
al., 1999). This might lead to a slight metabolic
dyssynchrony with amino acids derived from
protein digestion and a greater proportion of the
crystalline amino acids being catabolised, proba-
bly resulting in a temporarily higher concentra-
tion of amino acids in tissues or plasma (Cowey
and Walton, 1988; Zarate et al., 1999). To avoid
this metabolic dyssynchrony in our study, the
feed was provided at very short time intervals.
Yamada et al. (1981a) showed that more frequent
feeding intervals increase weight gain and meta-
bolic utilisation of crystalline amino acids in
common carp (Cyrpinus carpio). In contrast,
Zarate et al. (1999) did not notice any interac-
tions between protein-bound lysine and crystal-
line lysine fed at different feeding frequencies to
channel catfish (Ictalarus punctatus).

Table 2 Ingredient composition of experimental diets (g kg™ DM)

Diet code

L1 L2 L3 L4 L5 L6 L7 L8
Fish meal 85.0 850 850 850 850 850 850 850
Fish oil 1140 1140 1140 1140 1140 1140 1140 1140
Casein 75.0 750 750 750 750 750 750 75.0
Gelatine 40.0 40.0 400 400 400 400 400 40.0
Dextrin? 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0
Carboxymethyl cellulose 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
a-cellulose 73.3 727 723 718 715 710 705 70.0
IAA mix? 199.3 199.3 199.3 199.3 199.3 199.3 199.3 199.3
DAA mix® 50.0 500 50.0 50.0 50.0 500 500 50.0
L-Lysine-HCI* 0.0 2.6 51 7.7 9.0 116 141 167
L-Glutamic acid* 135 114 93 7.2 6.2 4.1 2.1 0.0
Titanium dioxide® 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Mineral premix® 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0
Vitamin premix’ 10.0 100 100 100 100 10.0 10.0 10.0

!Maltodextrin (dextrose equivalent 7.5).

2Indispensable amino acid mix (% of mixture): L-arginine-HCI 7.28, DL-methionine 8.03, L-threonine 12.49, L-
methionine 8.03, L-Tryptophan 8.33, L-histidine 8.03, L-isoleucine 12.29, L-leucine 20.17, L-phenylalanine
10.79, L-valine 12.59, and Evonik Degussa International AG.

3Dispensable amino acid mix (% of mixture): DL-alanine 29, L-aspartic acid 9, L-glutamic acid 31,L-glycine,

EVONIK Industries AG.
4EVONIK Industries AG.

STitanium dioxide (TiO2 was added as an inert marker for digestibility. Due to problems in sampling,

digestibility was not calculated.

5Mineral premix consisted of (g kg™ premix): SeO,, 0.3; CaSOys, 350; NaH:PO4 *H,0, 200; KH,POy4, 200;
MgSO4* 7H20, 20; MnSO4 * 4H,0, 2; FeSO,4 * 7TH,0, 2; CuSO4* 5H,0, 1.5; NaCI, 12; ZnSO4 * 7TH,0, 2;
Ca(I03)2 *Hzo, 0.1; COC|2 * 6H20, 0.1; NazMOO4 * Hzo, 0.5; AlK(SO4)2 * 12H20, 2; NaF, 0.7.

" Vitamin premix consisted of (1.U. or g kg'* premix): Retinyl palmitate, 800 000 I.U.; Cholecalcipherol, 100 000
I.U.; RRRa-tocopherol acetate, 20; Menadione, 1; Thiamine, 1.5; Riboflavin, 2; Pyridoxine,1; Cyano
cobalamine, 0.0002; Ascorbic acid, 20; Phantothnic acid, 5; Niacinamide, 15; Folic acid, 0.7; Biotin, 0.025;

Choline chloride, 370; Inositol, 10.
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The experimental diets in the present study
were formulated according to diets previously
used to yellow perch by Twibell and Brown
(1997), in which casein and gelatine were used as
sources of intact protein. The diets were formu-
lated to give a high feed intake and a good
growth rate, and to contain the maximum level of
fish meal to maximise palatability without ex-
ceeding the lowest target level of the total lysine
content in the experimental diets. Brown et al.
(1993; 1996) reported low feed intake for puri-
fied diets containing no or low levels of fish meal
and fish oil in experiments with hybrid striped
bass and yellow perch, respectively. In addition,
Peres and Oliva-Teles (2005) reported that the
voluntary feed intake was lower for juvenile tur-
bot fed diets with high level of crystalline amino
acids. However, the feed in the present study was
not rejected by the fish, but the feed intake was
lower than in earlier experiments with Eurasian
perch fed commercial or fish meal-based diets
(Langeland, unpublished data). This lower intake
was probably due to some unpalatable feed in-
gredients. Eurasian perch seems to be sensitive to
the palatability of the feed and therefore this
should be taken into consideration when formu-
lating semi-purified diets for perch. However,
Twibell and Brown (1997) stated that a purified
diet remains an appropriate choice for determin-
ing nutritional requirements.

The body composition of perch fed the exper-
imental diets did not differ between groups. This
is in line with results from studies in other fish
species fed graded levels of lysine (Borlongan
and Benitez, 1990; Peres and Oliva-Teles, 2008),
indicating that dietary lysine does not affect body
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composition. However, Kim et al. (1992b),
Encarnacao et al. (2004) and Marcouli et al.
(2006) found a positive correlation between ly-
sine intake and body protein content in fish fed
lysine-deficient diets. The ideal amino acid pro-
file of Eurasian perch was compared with that of
yellow perch and with the mean value for 10 tel-
eost fish species (Figure 1). The IAA profile of
Eurasian perch is very similar to that of yellow
perch, but differs from that of rainbow trout and
Arctic charr. However, in the present study the
viscera was excluded from the whole body analy-
sis, whereas in the reported studies the viscera
was included. Thus, this may affect the compari-
son with other species.

A lower HSI in fish fed diets with high levels
of lysine compared to fish fed lysine-deficient
diets has been reported by several authors for dif-
ferent fish species; European sea bass
(Dicentrarchus labrax, Tibaldi et al., 1994), gilt-
head sea bream (Sparus aurata, Marcouli et al.,
2006), turbot (Peres and Oliva-Teles, 2008) and
silver perch (Yang et al., 2011). In the present
study HSI was lower in fish fed the highest level
of lysine than in fish fed the lowest level of ly-
sine. Between the other treatments no clear pat-
tern could be observed. The higher levels of HSI
found in the fish fed low lysine level diets might
be due to lysine limitation in protein synthesis.
The AA which are not used to deposit protein are
deaminated and metabolised to lipids or glycogen
and stored in the liver. In this experiment the Hct
value was unaffected by different levels of lysine.
In contrast, Yang et al. (2011) showed that the
Hct value in silver perch was lower in fish fed
lysine-deficient diets.
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Table 3 Analysed diet composition (g kgt DM or MJ kgt DM)

Diet code
L1 L2 L3 L4 L5 L6 L7 L8
Dietary component
Crude protein 404.4 398.3 4019 4015 403.8 405.6 405.6 406.0
Crude lipid 1158 119.8 116.3 1189 1173 1193 1175 119.0
Ash 69.3 71.7 68.2 697 703 715 738 712
Gross energy 19.9 19.7 199 198 197 197 199 198
Indispensable amino acids
Arginine 21.7 21.8 218 216 222 218 216 219
Histidine 18.3 18.5 184 185 185 183 184 183
Isoleucine 31.6 31.7 322 317 320 321 320 319
Leucine 50.9 50.5 51.1 507 510 509 506 509
Lysine 12.2 13.5 153 173 183 201 221 243
Methionine 18.3 18.1 180 181 178 180 179 178
Phenylalanine 26.8 26.8 273 269 271 269 272 272
Threonine 28.7 29.1 29.2 290 298 288 289 291
Valine 31.8 32.0 23.7 322 327 327 326 328
Sum 240.3 242 237 246 2494 2496 2513 2542
Dispensable amino acids
Alanine 21.9 22.6 233 223 226 224 222 221
Aspartic acid 17.0 16.7 169 168 168 168 169 16.8
Cysteine!? 0.80 0.80 080 080 080 080 080 0.80
Glutamic acid 59.0 55.4 539 509 510 487 459 446
Glycine 27.3 27.9 280 286 285 285 281 274
Proline 16.2 15.7 158 148 169 150 158 16.0
Serine 8.3 7.9 8.0 7.8 8.4 8.2 8.0 8.1
Tyrosine? 6.2 5.8 5.8 5.7 5.9 5.5 5.7 5.9
Sum 156.7 152.8 1525 147.7 150.9 1459 1434 1417

ICysteine = amount present after oxidation of cysteine and cystine to cysteic acid.
2Conditionally indispensable (NRC, 2011).
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Table 4 Growth, survival, somatic indices and haematocrit value of Eurasian perch fed diets containing graded levels of lysine

Diet code

L1 L2 L3 L4 L5 L6 L7 L8 s.e. P-value
Initial weight (g) 41.4 411 41.4 40.9 41.8 44.2 39.8 43.0 1.32 0.421
Final weight (g) 59.8% 60.9% 58.52 59.1% 69.00¢ 72.8¢ 64.4%¢ 72.8¢ 2.12 <0.001
WG (%) 4428 48.6% 41,78 44.9% 65.32 64.6% 62.0% 69.7° 5.19 0.005
PG (%) 28.0% 30.6% 24.3? 27.22 47.2% 47.7% 43.7%¢ 53.1¢ 4.63 0.002
SGR (% day™) 0.44% 0.47% 0.41@ 0.44% 0.60% 0.59% 0.57%® 0.63° 0.04 0.005
Survival (%) 90.0 93.3 86.7 90.0 90.0 93.3 93.3 86.7 5.65 0.968
HSI (%) 3.0 2.7% 2.5% 3.00 2.2bc 2.1° 2.6% 2.1¢ 0.20 0.001
VSI (%) 11.78 11.0% 10.7b¢ 11.2% 10.6%° 9.9¢ 10.5% 10.5% 0.36 0.043
IPF (%) 3.7 4.0 3.3 35 3.8 3.7 3.9 4.3 0.21 0.068
Hct (%) 36.7 37.0 425 35.1 37.9 40.0 36.9 37.3 1.75 0.121

Values within the same row having different superscripts are significantly different (P < 0.05).

Data are presented as least square means. s.e. = pooled standard error.

Abbreviations: WG, weight gain; PG, protein gain; SGR, specific growth rate; HSI, hepatosomatic index; VSI viscerosomatic index; IPF, intraperitoneal fat and Hct, haema-
tocrit value.

Table 5 Indispensable amino acid content (g kg™t DM) in whole body of Eurasian perch, yellow perch, rainbow trout and Arctic charr, and estimated 1AA
requirements of Eurasian perch using the ideal protein concept

Amino acid Eurasian  Yellow Rainbow  Arctic IAA requirements of
perch! perch?  Trout® charr* Eurasian perch?
Arginine 42 41 64 63 14.2 ‘Data from present study.
Cysteine 7 4 . R 23 2Data from Ramseyer and Garling (1994).
Histidine 882 %59 {Data from Ouren et al 2007
:fgllji?r?éne 4213 23 1711; % %‘358 SConditionally indispensable (NRC, 2011).
Lysine 54 53 85 89 18.3
Methionine 20 18 29 28 6.6
Phenylalanine 26 29 44 48 8.6
Threonine 29 27 48 50 9.6
Tryptophan - - - - -
Tyrosine® 19 20 9 - 6.5
Valine 31 33 51 41 10.5
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Arginine
120
Valine 100
Threonine ~
Phe+ Tyr '
Met + Cys

fish
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_ Histidine
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Figure 1. Ideal amino acid profile for Eurasian perch (this study), yellow perch (Ramseyer and
Garling, 1994) and average value for 10 teleost fish species (NRC, 2011).

Conclusions

The estimated minimum dietary lysine re-
quirement for optimal weight gain and protein
gain of juvenile Eurasian perch appears reasona-
ble compared with other published data on Atlan-
tic salmon, Asian sea bass, milkfish and silver
perch. However, before the predicted dietary IAA
requirements of Eurasian perch presented in this
paper could be used as a general recommendation
for feed formulation the result should be verified
in further studies.
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