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ABSTRACT

Protein is both an essential and a costly nutrient in aquafeeds. In this study, the effects of different
cyclic protein ratios on growth performance, biological indices, and profitability of meagre (Argy-
rosomus regius) were investigated. Diets which included 48, 44, and 40% protein ratios were pre-
pared, and the experimental groups were designed by cyclical periods of 48% for 12 weeks (P48,
control), 40% for 6 weeks + 48% for 6 weeks (P40/48), and 44% for 6 weeks + 48% for 6 weeks
(P44/48). The study was carried out with three replicates for 12 weeks in nine 450 L fiberglass tanks
connected to a recirculating marine water system. Meagre with an average weight of 49.93+0.35
g were kept with 10 fish per tank. At the end of the study, the best weight gain was observed in
the P48 group compared to the other treatments (P<0.05). However, no statistical differences
were found between the specific growth rates and feed conversion ratios of the experimental
groups (P>0.05). In addition, both condition factor and viscerosomatic index were higher in P44/48
and P40/48, respectively (P<0.05). In conclusion, aquafeeds with a protein content of 48% can be
circulated for short periods as part of 40% protein diets.

Keywords: Marine aquaculture, fish nutrition, cycled feeding, profitability, Argyrosomus regius

INTRODUCTION ratios (especially fish meal proteins) in aqua-
feeds using various methods such as increasing
the amount of plant-based raw materials (soy-
bean meal, corn meal, etc.), using alternative
animal-based protein sources (squid meal, krill
meal, etc.), and applying different feeding strat-
egies (feeding level, feeding frequency, feeding
rate, etc.). However, some of these methods are
not suitable for certain fish species. For exam-
ple, carnivorous fish need a diet including high
amounts of animal-based proteins and increas-
ing the level of plant-based ingredients in their
aquafeed depresses the growth of fish (Hartvik-
sen et al., 2014). The best method for these spe-
cies is to apply specific feeding regimes, includ-
ing cycled nutrition combined with diets con-
taining different protein levels.

Protein is a dietary nutrient that directly affects
growth, weight gain, and biological parameters
in fish. Protein requirements of fish are influ-
enced by several biotic and abiotic factors, in-
cluding species, size, age, physiological situa-
tion, diet quality, protein to energy ratio, tem-
perature, salinity, etc. (Tacon and Cowey, 1985;
NRC, 2011). Determination of daily protein
amounts per animal is particularly necessary in
culture conditions (Kureshy and Davis, 2002). Di-
etary protein deficiency prevents fish from
reaching their maximum growth values and ex-
cessive protein in the feed is not suitable both
economically and environmentally (Lovell,
1989). Nevertheless, protein is considered as a
limiting factor in aquafeeds, because of its high

Available online at
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costs (Gatlin Ill et al., 2007). For this purpose, re-
searchers have focused on decreasing protein

Feeding is an important operation in aquacul-
ture because it accounts for the largest share of
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expenses in the production process. This share might be balanced
with the application of proper feeding regime (Guroy et al., 2017).
Feeding management depends on different factors, including
species, size of fish, physical conditions of facilities, farmer/staff
experience. Regular feeding regimes should specify an integrated
schedule of these factors. Regulating the optimum feeding sched-
ule for cultured species may improve the growth performance,
survival rate, and feed utilization by decreasing feed wastage (Ji-
wyam, 2010; Okorie et al., 2013). One of the basic applications of
a proper feeding regime is the cycling of aquafeeds or feed ingre-
dients. Some compensatory growth studies have been carried out
on different commercial fish species, including rainbow trout (On-
corhynchus mykiss), gilthead sea bream (Sparus aurata), and Euro-
pean sea bass (Dicentrarchus labrax) (Quinton and Blake, 1990; Er-
oldogan et al., 2008; Tirkmen et al., 2012) which focus on feeding
the fish with restricted/cycled periods or starvation. These kinds of
studies aimed to minimize consumption of feed by decreasing or
limiting and cycling the portions and thus, improving profitability.
In other feeding regime studies, the ratio of important nutrients
such as protein in the diet was reduced instead of the feeding rate.
For example, Gaylord and Gatlin Ill (2001) carried out a study with
diets which included different protein and energy ratios on chan-
nel catfish (Ictalurus punctatus).

Meagre (Argyrosomus regius) is a high potential marine fish
which is popular in Mediterranean aquaculture due to its valu-

able meat quality and flavour (Vallés and Estévez, 2013; Giroy et
al., 2017). This species has been readily accepted for culturing by
farmers because of its exceptional natural features in culture
conditions such as its high growth performance (Monfort, 2010;
Ribeiro et al., 2013). Also, meagre shows advanced survival rates,
optimum feed conversion ratio, and a more rapid growth rate
than gilthead sea bream (S. aurata) and sea bass (D. labrax) in
aquaculture conditions (Barata et al., 2016; Emre et al., 2016). The
market share of meagre is increasing day by day. Determining
the specific feed needs and feeding regimes of meagre is im-
portant for the expansion of market share.

The aim of this present study was to investigate the influence of
diets composed of different protein ratios by giving cyclical por-
tions to meagre (Argyrosomus regius). Thus, it is predicted that
using a combination of cyclical feeds alternating low and high
protein content may reduce feed costs if it leads to positive ef-
fects on growth performance.

MATERIALS AND METHODS

Experimental design and diets

Three protein levels were determined (40, 44, and 48%) and cy-
cled feeding regimes were applied in this study. The control
group (P48) was continuously fed with diets containing 48% pro-
tein during the experiment. P40/48 and P44/48 groups were fed

Table 1. Formulation and proximate composition of the experimental diets

Ingredients P40 P44 P48
Fish meal’ 18.80 25.00 34.00
Corn gluten? 14.50 14.50 14.50
Dehulled soybean meal® 11.00 11.00 11.00
Poultry by-product* 6.00 6.00 6.00
Feather meal® 2.40 2.40 2.40
Wheat gluten® 2.50 2.50 2.50
Wheat flour’ 17.56 12.82 9.00
Sunflower seed meal® 12.00 11.00 8.00
Fish oil’ 13.65 13.65 12.15
Vitamin premix'® 0.20 0.20 0.20
Mineral premix'® 0.15 0.15 0.15
Choline chloride™ 0.10 0.10 0.10
Dicalcium phosphate'™ 1.14 0.68 0.00
Chemical Composition

Crude Protein (%) 41.32 44 44 48.78
Crude Lipid (%) 18.12 18.72 18.14
Crude Ash (%) 5.31 5.86 6.61

Crude Fibre (%) 4.04 3.75 3.10
NFE (%)* 29.96 26.44 23.27

'Anchovy fishmeal, Sibal Feed Mill Company, Sinop, Turkey
2Cargill, Istanbul, Turkey

*Kirci Soya Company, Balikesir, Turkey

“Sibal Feed Mill Company, Sinop, Turkey

5Sibal Feed Mill Company, Sinop, Turkey

¢Cargill, Istanbul, Turkey

7ipek Wheat Company, Nevsehir, Turkey

8Sibal Feed Mill Company, Sinop, Turkey

?Anchovy fish oil, Sibal Feed Mill Company, Sinop, Turkey
DSM Nutritional Products, istanbul, Turkey
*Nitrogen-free extract (NFE) = 100 - (protein + lipid + ash + fibre)
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with diets of 40% and 44% protein ratios in the first half (initial 6
weeks) of the experiment, respectively, and then during the sec-
ond half of the experiment (last 6 weeks), these groups were fed
with diets containing 48% protein. All experimental diets with 40,
44 and 48% dietary protein were formulated using fish meal,
plant ingredients, fish oil and vitamin-mineral mix (Table 1). Di-
etary ingredients were mixed in a food mixer (Dirmak Food
Equipment, IBT-22) with water until a soft slightly moist consis-
tency was achieved. This dough was then cold press extruded (La
Monferrina, PTM Pé) to produce discs of 4 mm in diameter. The
moist pellets were then fan-dried and stored at -18 °C until use.

Rearing system and fish

Meagre were obtained from a commercial hatchery in Mugla, Tur-
key and transported to the Marine and Freshwater Fish Unit of Ar-
mutlu Vocational School, Yalova University, Turkey. Prior to the
feeding trials, the fish were transferred to the 450-L tanks and fed
a commercial sea bass diet (45% protein, 18% lipid, 2.5% fibre, 7%
ash; Sursan Inc., Turkey) for two weeks for acclimation. Nine 450-L
circular tanks within a 25000-L recirculation seawater system were
annexed to a 650-L sand filter, bag filter, and ultraviolet light unit.
A partial seawater exchange (15% total system volume) was per-
formed twice each week. The water flow rate was 5 L/min and wa-
ter quality was monitored daily. Water temperature was main-
tained at 22.7+1.01 °C and dissolved oxygen at 8.12+0.29 mg/L
(Handy Polaris, Oxy-Guard). Average pH was recorded at
7.89+0.17 (HANNA HI 9125), salinity at 21.2+0.10 ppt (Atc Refrac-
tometer), and ammonia at 0.13+0.02 mg/L (Hach Lange DR 2800).
The recirculation system was housed in a climate-controlled unit
with controlled photoperiod 12:12 h (light:dark). Meagre (mean
body weight 49.93+0.35 g) were randomly distributed over nine
fiberglass tanks at a density of 10 fish per tank. Fish were hand-fed
to near satiation three times a day (09:00, 13:00, and 17:00) for 84
days. Feed was carefully administered by dropping a few pellets
into the tanks until the feeding activity ceased.

Evaluation of growth performance

Fish were weighed biweekly in bulk after suspending feeding for
1 day. All fish were anesthetized with clove oil (50 mg/L) during
the weighing procedure (Barata et al. 2016). Growth parameters,
including feed conversion ratio (FCR), specific growth rate (SGR),
and survival rate (SR) were calculated using the following equa-

tions: FCR = feed intake / weight gain, SGR = 100 x [(Ln final fish
weight) - (Ln initial fish weight)] / experimental days, SR = 100 x
(total fish count - dead fish count) / total fish count.

Measurement of somatic indices

Three fish per tank were randomly selected, individually weighed,
and then dissected to obtain the viscera to determine biological
parameters. The somatic indices, including condition factor (CF),
viscerosomatic index (VSI), hepatosomatic index (HSI), and mes-
enteric fat index (MFI) were calculated using the following formu-
lae: CF = 100 x (final body weight / fork length?), VSI = 100 x (vis-
cera weight / final body weight), HSI = 100 x (liver weight / final
body weight), MFI = 100 x (body fat weight / final body weight).

Economic analysis

Economic analyses in terms of economic conversion ratio (ECR)
and economic profit index (EPI) were developed by San-
chez-Lozano et al. (2007). These parameters were determined us-
ing the following formulae: ECR = feed conversion ratio x feed
price, EPI = (final body weight x fish sale price) - (economic con-
version ratio x weight gain).

The cost of feed ingredients was as listed by index mundi (Index-
Mundi, 2018). Meagre sale price was calculated at 4.5 €/kg.

Statistical analysis

The Shapiro-Wilk W test and Levene test were examined to veri-
fy normality and homogeneity of variance before further analysis
was undertaken. All data was subjected to one-way analysis of
variance (ANOVA), after proving the normality and homogeneity
of the data. Tukey’s multiple range test was used to rank groups
when different interaction was found using Statgraphics Centuri-
on XVI (Statpoint Technologies Inc., The Plains, VA) statistical
software (Zar, 1999). All data was presented as “meanz+standard
error” of the mean calculated from all replicates. Differences
were considered significant at P<0.05.

RESULTS AND DISCUSIONS

Growth parameters recorded for 6 weeks and 12 weeks of the
study are given in Table 2. The mean weight at the 6™ week of the
P48 group was significantly different to the P44/48 group
(P<0.05). Feed intake at the 6th week of the P48 group was high-

Table 2. Growth parameters of meagre fed with diets containing different protein ratios by cyclical feeding regimes for 6
weeks (bw) and 12 weeks (12w)
P40/48 P44/48 P48

Initial mean weight (g) 49.59+0.60 49.09+0.75 50.22+0.22
Mean weight at 6w (g) 69.02+1.41% 65.15+1.26° 74.04+1.83°
Mean weight at 12w (g) 86.04+0.87° 82.77+2.28° 94.25+1.71b
Feed intake at 6w (g) 73.64x0.162 75.79+0.842 83.37+4.23°
Feed intake at 12w (g) 74.85+0.66° 79.03+0.49° 85.82+2.42°
Specific growth rate at 6w (%/day) 0.85+0.07 0.73+0.02 0.99+0.15
Specific growth rate at 12w (%/day) 0.71+0.03 0.67+0.02 0.81+0.08
Feed conversion ratio at 6w 1.26+0.10 1.47+0.05 1.13+£0.13
Feed conversion ratio at 12w 1.32+0.04 1.50+0.06 1.26+0.08
Survival rate (%) 96.67+3.33 93.33+3.33 93.33+3.33

In the same line, different letters indicate statistical significant differences (P<0.05) among the treatments
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er than both the P40/48 and P44/48 groups (P<0.05). There were
no statistical differences in the specific growth rates and feed
conversion ratios at the 6" week between the experimental
groups (P>0.05). The highest mean weight and feed intake val-
ues at the 12" week were recorded in the P48 group (P<0.05).
There were no statistical differences in the specific growth rates
and feed conversion ratios at the 12t week or in survival rates be-
tween all groups (P>0.05).

In Figure 1, weight increments of the meagre are shown week by
week. The very close mean weights were recorded in the 4th
week in the P48 and P40/48 groups with 65.88 and 65.76 g, re-
spectively. The mean weight of P40/48 dramatically deviated
from the P48 after the 6th week. The mean weights in different
weeks of P44/48 never reached that of either P48 or P40/48
groups during the study. The weight gains of experimental
groups were noted as 44.02, 36.75, and 33.68 for P48, P40/48,
and P44/48 groups, respectively (Figure 2).

The biological indices of the meagre fed with the different pro-
tein level diets are listed in Table 3. The condition factor (CF) of
P48 was significantly different to the P44/48 (P<0.05). The highest
viscerosomatic index (VSI) was found in the P40/48 group (P<0.05).
No differences were observed in the hepatosomatic index (HSI)
and mesenteric fat index (MFI) between the groups (P>0.05).

Economic analysis of this experiment is presented in Table 4. No
significant difference was found in economic conversion ratios
(ECR) across all groups (P>0.05). The economic profit index (EPI)
of P48 was significantly different from P44/48 (P<0.05).

The results of this present study clearly show that meagre need
high protein levels in their diets and that decreasing the protein
level (in their diets or partial feeding regimes) directly affects
growth performance. In this study, cycled feeding with diets con-
taining 40 and 44% protein levels were not as efficient as contin-
uously feeding with 48% protein. Meagre is a fish species that
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Figure 1.

Mean weight increments of experimental groups of meagre during the 12 weeks.
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Weight gains of experimental groups of meagre during the 12 weeks.
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Table 3. Somatic indices of meagre fed with diets containing different protein ratios by cyclical feeding regimes for 84 days

P40/48 P44/48 P48
Condition factor (%) 1.37+0.01% 1.39+0.02° 1.31+0.022
Viscerosomatic index (%) 5.88+0.77° 5.14+0.172 5.16+0.232
Hepatosomatic index (%) 0.65+0.04 0.69+0.03 0.80+0.05
Mesenteric fat index (%) 0.04+0.01 0.05+0.01 0.08+0.02

In the same line, different letters indicate statistical significant differences (P<0.05) among the treatments

Table 4. Profitability analysis of meagre fed with diets containing different protein ratios by cyclical feeding regimes

P40/48 P44/48 P48
Economic conversion ratio (€/kg) 1.34+0.04 1.58+0.07 1.38+0.09
Economic profit index (€/fish) 3.39+0.03 3.19+0.10° 3.64+0.08°

In the same line, different letters indicate statistical significant differences (P<0.05) among the treatments

needs high dietary protein levels in the range of 45-50% (Chatzi-
fotis et al., 2012; Guroy et al., 2017).

The WG and Fl of the P40/48 and P44/48 groups were found con-
tinuously lower than the P48 group during the experiment. Kureshy
and Davis (2002) stated that protein requirement depends on the
optimum protein ratio of the diet and inferior levels of protein
might be recompensed by a higher feed intake. Nevertheless, in
this study, dietary protein level and feed intake increased linearly.
This could be explained by size of the fish. In previous studies car-
ried out on several carmivorous marine fish, including yellowtail
(Seriola dumerilii), Korean rockfish (Sebastes schlegeli), and par-
rotfish (Oplegnathus fasciatus) it was stated that 45-50% was the
optimum protein ratio in the juvenile stages of these species (Jo-
ver et al., 1999; Cho et al., 2015; Kim et al., 2017). However, Craig
and Helfrich (2017) declared that the protein requirements of fish
were related to the life stages of the species. The authors also not-
ed that older fish need lower levels of dietary protein. Interesting-
ly, however, although there was a quantitative difference between
the SGR and FCR parameters of the groups at the midpoint and at
the end of the experiment, they were found to be significantly sim-
ilar (P>0.05). These parameters are used to specify the efficiency
level of the feed or feeding regime in aquaculture (Craig and Hel-
frich, 2017). From this point of view, it is thought that the outputs
of the study are useful for proving the importance of growth pa-
rameters in the condition of cyclical feeding regime with diets in-
cluding different protein levels.

The CF displayed an inverse relation with the mean weights and
feed intakes at the 6th and 12th weeks in this study. In contrast,
Kim et al. (2001) recorded a parallel tendency between the CF
and growth parameters in Korean rockfish (S. schlegeli). In a
study carried out with grouper (Epinephelus coioides), the CF
and VS| were improved at the optimum protein level (Luo et al.,
2004). Yang et al. (2003) revealed that the VSI of Taiwan barb
(Spinibarbus hollandi) was decreased with increased protein lev-
els. The VSI was not enhanced with the highest growth (P48) in
this current study. Kim et al. (2001) reported that the HSI of Kore-
an rockfish (S. schlegeli) was improved with increased protein lev-

els. Although there is no statistical difference between the
groups, similar results were found in this present study (HSI
ranged between 0.65 and 0.80). Lee et al. (1993) revealed that en-
hanced HSI was a sign of increased protein levels. An inverse re-
cord has been presented on the Atlantic cod (Gadus morhua) by
Grisdale-Helland et al. (2008).

Fish meal and fish oil are the most expensive raw materials in
aquafeeds. However, the carnivorous fish species need high
quality animal protein sources in their diets. Decreasing the pro-
tein levels of diets means improving the profitability (Sweilum et
al., 2005; Guroy et al., 2017). In this study, the EPI of P48 was high-
er than the other groups, but significantly related to P40/48. This
situation might lead to a decrease in the production profitability
in the culture of early stages of meagre, but this result may be
useful for broodstock management because adult fish need less
protein levels in their diets.

CONCLUSION

It can be concluded that meagre need high levels of protein in
their diets and this species cannot compensate for reduced lev-
els. Low levels of protein limited the growth performance and bi-
ological parameters of the fish. It is useful to compare the pres-
ent study with previous protein level studies because this partic-
ular type of study has not been examined before. As mentioned
above, the outputs of this study may be beneficial in adult feed-
ing or broodstock management in the meagre culture and for fu-
ture studies related to cyclical feeding regimes with important
nutrients in the diets.
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