Aquaculture Reports 21 (2021) 100819

Contents lists available at ScienceDirect

Aquaculture

Aquaculture Reports

journal homepage: www.elsevier.com/locate/agrep

ELSEVIER

Nutritional and economic benefits of using DDGS (distiller’ dried grains
soluble) as feed ingredient in common carp semi-intensive pond culture

Zsuzsanna J. Sandor **, Norbert Révész *, Daniel Varga ", Flérian T6th?, Laszlé Ardé?,
Gerg6 Gyalog®

@ Hungarian University of Agriculture and Life Sciences, Institute of Aquaculture and Environmental Safety, Research Centre for Aquaculture and Fisheries, H-5540,
Szarvas, Anna-Liget Str. 35, Hungary

Y Hungarian University of Agriculture and Life Sciences, Institute of Aquaculture and Environmental Safety, Department of Applied Fish Biology, Kaposvar, Guba Sandor
Str. 40, Hungary

ARTICLE INFO ABSTRACT

Keywords:
Common carp
Semi intensive carp monoculture

A survey was conducted to evaluate the suitability and profitability of corn DDGS (distiller’ dried grains soluble)
as a protein source in feed for common carp (Cyprinus carpio L.) in semi-intensive pond production. Six ponds of
0.17 ha were stocked with 70 pc 2+ and 1050 pc 1+ old carp with average weight 362 + 10 gand 45 + 1 g,

;]ZZS alit respectively, and fed with two types of feed in triplicates. Fish were kept on natural pond food supplemented
Econo?nics Y periodically with wheat grains in the first part of feeding season in order to minimize nutrition costs. When the

sampling harvest result indicated that growth rates were slowing down wheat was replaced with formulated
feeds (control and experimental diets) as external food source till end of experiment. The experimental feed
contained 40 % DDGS substituting the plant ingredients of the control feed. Growth, nutrient utilization, health,
flesh quality of the fish was compared at the end of rearing season and finally the economic performance of the
diets was investigated. Significantly better performance of experimental group was found in most of the pro-
duction parameters (final weight, weight gain, specific growth rate) at juvenile age and in feed conversion rate
(1.56 vs 1.78 g/g), protein efficiency ratio (2.32 vs 2.08 g/g), gross yield (3520 vs 3020 kg/ha) of the ponds.
Economic advantage of high DDGS inclusion in carp feeds was demonstrated by significantly improved per-
hectare profit and benefit-cost ratio. These are attributed to higher yields, better feed conversion and lower
cost of novel feed formulation. Health and flesh quality of the fish were not affected by the diet composition. It
was concluded that combining the use DDGS-based compound feeds with maximal exploitation of pond food
results in better production, nutrient utilisation and economic performance than traditional cereal-based semi-
intensive carp farming.

1. Introduction

Common carp (Cyprinus carpio) is one of the most important fresh-
water finfish species cultured worldwide. In 2018, global common carp
production reached 4.2 million tones, ranked 4th in global fish pro-
duction (FAO, 2020). In Europe, carps are reared predominantly in
earthen ponds in extensive production systems, and the conventional
nutrition technology is based on natural food supplemented with cereal
grains, such as wheat, maize and barley, depending on price and local
availability (Szlics et al., 2007). Recently, extruded and pelleted feeds
have become relatively widely used in Central and Eastern European
countries as they provide a higher weight gain to fish (Ciric et al., 2015).
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Using complex feeds instead of cereals, shorten the production cycle and
last but not least amends the fish flesh quality (Mraz et al., 2012; Trbovic
et al., 2013; Dickson et al., 2016; Markovic et al., 2016; Stoycheska and
Stamenkovska, 2017). Recently, different terrestrial plants, such as
soybean, wheat, corn and marine origin sources were utilized as in-
gredients in carp feed manufacturing (Hlavak et al., 2016; Mazurkie-
wicz, 2009). Increased Hungarian production of protein-rich plants such
as feed peas, lupine, horse beans and apparent availability of agricul-
tural and industrial by-products serves as a ground for economically
sustainable feed ingredients. Taking into consideration the promising
results in the field of nutrient digestibility of some of these, there is a
scope to increase environmentally sustainability of future carp diets
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with the inclusion of alternative protein ingredients (Roy et al., 2019).

Distiller’s Dried Grain with Solubles (DDGS) is a by-product from the
bioethanol industry, which is a suitable alternative feed ingredient to
replace unsustainable feed components that either have limited supply
or are applicable to direct human consumption (DDGS Handbook,
2018). It was successfully applied in the diet of different animals and fish
species as well (Abouel et al., 2021; Allam et al., 2020; Diogenes et al.,
2018; Overland et al., 2013; Lammer et al., 2015 etc.) and was
concluded that DDGS could replace the fish meal or soybean meal in the
diet in some extent depending on the fish feeding behavior. The
advantage of DDGS compared to other plant-based feed ingredients is
that it does not contain antinutritive substances and it has highly uti-
lizable phosphorus content. On the other hand, it contains a low pro-
portion of the essential amino acids (Liu, 2011). Inclusion of DDGS into
aquafeed formulations decreases feed ingredient costs for farming of
omnivorous species such as tilapia (Oreochromis niloticus), stripped cat-
fish (Pangasianodon hypophthalmus) and Pacu (Piaractus mesopotamicus);
however, feed conversion and growth rates are often compromised
above certain inclusion levels. (Coyle et al., 2004; Allam et al., 2020;
Oliveira et al., 2020). Therefore, economic benefits can be exploited if
reduction in feed formulation costs compensates the economic loss
associated with higher feed use per unit of production

In our previous research we tested different inclusion levels of DDGS
in carp feeds and it was demonstrated that the plant components could
be replaced with DDGS up to a proportion of 40 % without imposing any
negative effect on growth and feed utilization, health and other meta-
bolic processes. We found that carps digest DDGS as well as corn and
wheat (Révész et al., 2019, 2020), moreover the highly digestible
phosphorus available in the DDGS may decrease the eutrophication of
the fish ponds.

In continuation of our earlier studies, in order to step forward toward
commercialization, we formulated a pond carp feed using the optimal
DDGS inclusion level identified in the previous experiment and tested its
performance under semi-intensive farming conditions in ponds stocked
with mixed fish age population. The objectives of the experiment were to
investigate the impact of the novel diet on growth, feed conversion,
quality of fish meat and economic performance in comparison with a
commercially available carp feed used as a control feed.

2. Materials and methods

The trials were conducted in line with the European Union Directive
(2010/63/EU) on the protection of animals for scientific purposes. All
animal experiments have been approved by the Ethical Committee of
HAKI, which was established according to Hungarian State law (10/
1999. (1. 27.)) and operated according to different Hungarian State laws
concerning animal experiments, transportation of animal, welfare etc.
(40/2013. (11.14)).

2.1. Experimental design and feeding protocol

Two carp feeds (conventional formula vs. DDGS-based experimental
formula), were tested with 3 replicates per treatment. Six earthen ponds
with an average surface of 1808 (+ 53) m? and a depth of 1.5 m were
used for the experiment which lasted for a production season. On 2nd
May 2018 each of the ponds was stocked with 70 two-years-old and
1050 one-year-old scaly carp individuals with a mean weight (+ STD) of
362 + 10 g and 45 + 1 g, respectively. The ponds were harvested on 3rd
October 2018. Growth and health status of the fish were checked by
sampling harvest every 3 weeks. Before these harvests, the water level
was reduced by 50 %, and after that, it was filled up to operational level
immediately.

The feeding technology during the experiment was set in line with
the principles of carp nutrition under semi-intensive technology as
described by Ruttkay (2016). This protocol suggests that due to the
availability of pond food (zooplankton and zoobenthos) providing
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enough protein and other elementary nutrients for carp, only cereal
grains are recommended to use in order to supplement pond food as
energy sources in the first part of the season (Horvath et al.,. 2002). By
feeding the carp moderately with cereals during May-June zooplankton
peak and switching to compound feeds in July when biomass of pond
food start to shrink good feed conversion rate can be achieved, moreover
the fat content of the fish can also be kept down at acceptable level
(Ruttkay, 2016). Following this protocol in the present experiment, cow
manure (4 t.ha~!) was added to the ponds in two installments (once
before the experiment and once at 8% July) in order to keep the plankton
production at a high level. Fish were kept on natural pond food sup-
plemented periodically with wheat grains as long as sampling harvest
results shown acceptable growth. On 120 July, the sampling harvest
result indicated that growth rates were slowing down. Therefore, from
the subsequent day wheat was replaced with formulated feeds (control
and experimental diets) as external food source till harvest. The feeding
was managed manually, twice per day with 2-3 % of fish biomass
(depending on the water temperature). Dissolved oxygen and water
temperature were determined twice per week, while the water quality
parameters of the ponds (total inorganic nitrogen, total nitrogen,
orthophosphate phosphorus, total phosphorus, and total ammonium
nitrogen) were assessed bi-weekly. The methods and obtained results are
presented by Toth et al., 2021.

2.2. Experimental diets

The control group was fed with a commercially available feed (crude
protein: 35 %; crude fat: 7 %), while the experimental group was fed
with a pellet containing 40 % DDGS produced by the same feed manu-
facturer. The feeds were iso-nitrogenic, iso-lipidic and iso-caloric. The
experimental feed was formulated such that the soybean and other plant
ingredients of the control feed were replaced by DDGS, while the pro-
portion of the animal origin ingredients remained unchanged. The feeds
were in form of semi-floating pellets with the diameter of 4.5 mm. The
formulation of the experimental is presented in Table 1. Proximate
composition, amino acid and fatty acid profile of both diets are sum-
marized in Table 2. Formulation of the control diet is not presented here
due to intellectual property issues; nevertheless, the ingredients are in
descending order as follows: wheat, soybean meal (C.P. 46), corn gluten
(C.P. 60 %), poultry meal (C.P. 62 %), extruded soymeal, blood meal,
yeast, fish meal (C.P. 60 %), premix.

Table 1

Formulation of the experimental diet.
Ingredients %
DDGS' 40.0
Wheat? 20.5
Soybean meal (C.P.46)° 8.0
Corn gluten (C.P. 60 %)* 8.0
Poultry meal (C.P. 62 %)° 5.0
Extruded soymeal® 5.0
Blood meal 7 4.0
Yeast® 4.0
Fish meal (C.P.60 %)° 4.0
Premix'® 1.5

IPANNONIA BIO Ltd; >GEOMARK Ltd; *AGRO-TRIO Ltd.
(distributor); *“HUNGRANA Ltd; SKATECH Ltd.;°HAGE
Ltd; 7KATECH Ltd; ®°EUROPROTEIN Ltd. (distributor) °
CARGILL Ltd.

10Composition/kg: Vitamin A (E672) 1003400 NE; D3
(E671) 80650 NE; vitamin E (3a700) 5000 mg; vitamin E
equivalent antioxidant 0 mg; vitamin K3 337 mg; Ca 12.2
%; P 7.8 %; Na 0.1 %; Lys 6.9 %; Met 18.8 %; Fe (E1) 670
mg; Zn(E6) 1070 mg; Mn(E5) 160 mg; Cu (CuSO4*5 H,0)
200 mg; Se(E8) 20 mg.
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Table 2
Feed composition (as fed).

Proximate composition (%) Experimental diet Control diet

Dry matter 92.56 + 0.11 92.26 + 0.04
Crude protein 35.04 + 0.51 34.47 £ 0.01
Crude fat 7.80 + 0.45 6.60 + 0.38
Crude fibre 4.46 + 0.05 2.98 + 0.04
Crude ash 5.93 £ 0.55 6.24 + 0.03
NFE (calculated) 46.78 49.71
Gross energy (MJ kg™!) (calculated) 19.46 19.37
Protein/Energy (mg KJ™1) 18.00 17.79
Essential amino acids and micro elements (calculated) (%)

Lysine 1.34 1.92
Methionine 0.69 0.87
Methionine + Cystine 1.04 1.39
Threonine 0.95 1.36
Tryptophan 0.26 0.38
Arginine 0.69 0.21
Isoleucine 0.07 0.15
Leucine 1.57 0.36
Valine 0.66 0.19

Ca 0.64 0.98

P 0.52 0.83

Mg 0.005 0.005

Na 0.04 0.05
Fatty acid profile (w%)

16:0 15.46 + 0.03 14.83 + 0.08
18:0 3.93 £ 0.02 4.68 + 0.08
18:1n-9 26.88 + 0.10 25.18 £ 0.02
18:2n-6 44.60 + 0.03 44.10 £ 0.01
18:3n-3 2.66 + 0.05 3.86 + 0.04
20:4n-6 0.23 £+ 0.01 0.28 + 0.01
20:5n-3 0.27 + 0.02 0.41 +£0.01
22:6n-3 0.85 + 0.02 1.03 + 0.02
Total n-3 3.89 £ 0.03 5.40 + 0.06
EPA+DHA 1.13 + 0.00 1.43 +0.01

NEE: Nitrogen free extract; Gross energy: = (23.9 x CP (g kg™!) + 39.8 x CL (g
kg™!) +17.6 x NFE (g kg~1)) 103,

Total n-3: 18:3n-3 + 18:4n-3 + 20:3n-3 + 20:4n-3 + 20:5n-3 + 22:3n-3 + 22:4n-
3 + 22:5n-3 + 22:6n-3 + 24:5n-3 + 24:6n-3.

2.3. Sampling

During stocking and at the harvest all fish were measured in stock of
50 pc from which the biometric indices were determined. Although
studying the link between quantity of pond food and fish growth was not
the subject of this study, zooplankton biomass was assessed four times in
order to know whether there are differences in nutrients sources above
feed between ponds or treatments. Each time 100 L of surface water
were taken and filtered using 50 pm mesh plankton net, then concen-
trated to 100 mL. The zooplankton samples were preserved in a
centrifuge tube with added formaldehyde (4%) and the biomass volume
was estimated.

At end of experiment after 154 day feeding fish were harvested and
production parameters determined. Five individuals from each pond
were dissected to measure biometrical indices. Before processing, the
following biometric traits were registered: body length, standard length,
body height and body width. After the processing, separated parts of the
body (hepatopancreas, viscera, head, gonad) were measured, and the
dressing yield, filleting yield, viscerosomatic index, hepatosomatic
index, gonadosomatic index were calculated. Dressing yield was calcu-
lated as edible part of the fish without head, fins and viscera. The sex of
each individual was determined. Carps were processed after percussive
stunning in accordance with the rules of the Carp Performance Testing
Codex (OMMI, 2001).

Three whole fish samples for body composition were taken as well as
filet samples for meat quality studies. One ml of blood was taken from
the caudal vein of three adult and three juvenile fish per pond, using
heparinised needles and syringes. Blood samples were put into hepari-
nised microcentrifuge tubes and centrifuged at 1,400 g for 20 min at 4
°C. After centrifugation, blood plasma was collected and stored at —20
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°C for further analysis. Liver samples were taken from three fish per
pond for gene expression analysis (only from the juvenile fish). 100 mg
aliquot of samples were collected and put into 1 ml RNA later for one day
at 4 °C and after that kept at —20 °C still analysis.

2.4. Analytical measurements and data evaluation

The proximate composition of the filet has been analyzed by stan-
dard methods of the AOAC (1998) (Table 2). The experimental diet’s
total carbohydrate (TC) and gross energy (GE) values were calculated as
TC = 100 - (crude protein + crude fat + crude fibre + ash), with GE =
values of carbohydrates, proteins and lipids of 17.2, 23.6 and 39.5 KJ
g_l, respectively (Halver and Hardy, 2002). Lipids were extracted from
the samples with a 2:1 mixture of chloroform and methanol. The extracts
were purified according to the method by Folch et al. (1957). Aliquots of
total lipid samples were trans-esterified using a methanolic solution of
HCI (Stoffel et al., 1959). Fatty acid methyl esters (FAME) were sepa-
rated on fused silica capillary columns (DB-225) in an AGILENT (HP) gas
chromatograph system (type “6890N") equipped with a Flame Ionisation
Detector (FID) and a mass spectrometer (MS) detector (MSD, type
“5973N"). FAME were identified using authentic primary (SUPELCO,
Bellefonte, NJ) or secondary standards (e.g., linseed oil, cod liver oil)
and by means of the relationship between the logarithms of relative
retention times and the carbon number (Cn) of fatty acids. The amino
acid composition is given following the calculation made with the
known data of the ingredients.

2.5. Blood biochemistry

Blood plasma chemistry was done with a Samsung PT10 V, semi-
automatic clinical chemistry analyser using Comprehensive Samsung
Kit. Plasma enzymes and metabolites, such as creatine (CREA), Gluta-
mine (GLU), phosphate (PHOS), total protein (TP), globulin (GLOB),
alkaline phosphatase (AP), cholesterol (CHOL), triglyceride (TRIG) and
amylase (AMY), were measured according to IFCC (International
Federation of Clinical Chemistry).

2.6. Gene expression

Expression levels of genes involved in growth (IGF-1) and stress
response (HSP70) were measured in liver samples, respectively, by real-
time quantitative PCR (qPCR), using p-actin as an internal reference
gene. Description of the methodology and the reference genes are pre-
sented in Supplementary data S.1.

2.7. Fillet flesh quality investigation

Assessment of the quality parameters of the fillet was done using
method presented by Varga et al. (2013a,b). According to the protocol
for determination of the physical characteristics of the flesh, the freshly
collected fillet were kept in vacuum safe plastic bags at 4 °C during
transport to laboratory. Fillet pH was measured at 45 min and 24 h post
mortem by a Testo 205 precision pH meter (Testo AG, Lenzkirch, Ger-
many). The colour (CIE Lab, L - lightness, a* — redness, b* — yellowness)
of the fresh fillet was determined by a Minolta ChromaMeter 300
apparatus (Minolta, Osaka, Japan). Dripping loss was determined by the
method of Honikel (1998). To determine the cooking loss, fillet samples
(100 g) were closed into sealed bags and were cooked at 75 °C for 20
min. The exudate weight, as expressed in the percentage of the initial
sample weight, was referred to as cooking loss. The thawing loss was
determined by the same manner, i.e. samples (25 g) were frozen (—20
°C) and thawed to room temperature after 2 days.

2.8. Calculations and statistical analysis

Growth performance of fish such as specific growth rate (SGR),
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apparent feed conversion ratio (AFCR), apparent protein efficiency ratio
(APER) and apparent protein production value (PPV) and gross yield
(GY) was calculated based on the following standard formulae:

Weight gain (%) = {(Final weight —Initial weight) / Initial weight}x 100;

Specific growth rate (SGR) = (Ln final body mass — In initial body mass) x
100 / days;

Apparent feed conversion ratio (AFCR) = Total dry feed offered (g)/ wet
weight gain (g);

Apparent protein efficiency ratio (PER) = Net weight gain (wet weight) /
Protein offered;

Apparent protein productivity value (%) (PPV) = 100 x (total final biomass (g)
x final whole-body crude protein — total initial biomass (g) X initial whole-
body crude protein) / (feed protein x total feed offered);

Gross yield (%): Final weight (kg)/ pond area (ha).
Biometric indices and post-harvest indices determined were:
Viscerosomatic index (VSI) = total wet viscera (g) / body weight (g);

Hepatosomatic index (HSI) = 100 x wet hepatopancreas weight (g) / wet body
weight (g);

Dressing yield (%) = weight of eviscerated edible fish part / body weight;
Filleting yield (%) = 100 X fillet weight / body weight;
Gonadosomatic index (%) = 100 x weight of gonad / body weight.

All values were checked for normality of data distribution and ho-
mogeneity of variance using the Kolmogorov — Smirnov and Levene
tests, respectively. Differences between treatments were analysed using
one-way ANOVA, with statistical significance set at 0.05. For the
biochemical parameters the effect was analysed by using two-way
analysis of variance (ANOVA) with age (juveniles and adult group)
and dietary treatment (control diet and DDGS experimental diet) as two
fixed factors. Where significant interactions were found between main
effects, one-way ANOVA was used to compare simple effects. These tests
were performed by IBM SPSS 22. software package. To compare the
biomass of the zooplankton communities of the treatments we used T-
test in R software environment (R Development Core Team, 2013) with
vegan package (Oksanen et al., 2012). Shapiro-Wilk test was used to test
normal distribution and the analysis of variances was checked by F-test.

In order to address the effect of diet on the slopes of growth curves a
linear regression analysis was conducted using data on average indi-
vidual weights measured at three-weekly sampling harvest in the period
when formulated diets were fed. Two equations were parameterized
where average individual juvenile weight and adult weight were used as
response variables, while time (as covariate), diet (as a fixed factor) and
their interaction term were used as explanatory variables. 12 July, the
last day before using formulated feed, was set as time zero. If the
interaction effect between diet and time was significant (P < 0.05), the
slopes of the linear growth curves differed between diets. Similarly, if
coefficient of diet factor was significant, the individual weight on 12
July would differ between two treatments, meaning that differences in
yield and other production indicators calculated for the whole season
would not only be attributed to difference in diets but to other non-
intended factors occurring in the first half of the season. For these cal-
culations the “Im” function of R software environment was used.

2.9. Economic evaluation

Per-hectare profit (z) was used in the study as an indicator of eco-
nomic performance. This was defined as income above feed, seed and la-
bour costs and it was calculated as total revenue (TR) minus cost of
stocking material (Cg), feeding costs (Cr) and labour costs (Cy). The units
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of 7, TR, Cs, Cr and C;, were €. ha™!, whereas calculation of these items
are described by Egs. 1-5, respectively.

1=TR-Cs-Cpr-CL (€8]
TR = Pcea X Wheeo + Pees X Whees (2)
Cs = Stockce; X Peer + Stockeer X Peeo 3
Cp = Wheat x Py, + CF x Pcr ; for the control group (4a)
Cp = Wheat x Pwy, + DF x Ppp ; for the experimental group (4b)
Cp = wage x L 5)
where

Whcez and Whces are the harvest weight of 24+ and 3+ years old C.
carp biomass, respectively (kg. ha™1);

Stockc.1 and Stockcco (kg. ha™!) are the stocked biomass of 1+ and
2+ years old C. carp, respectively (kg. ha™1);

Pce1, Peez and Pz are the unit prices of corresponding age classes (€.
kg1

Wheat, CF and DF are the amount of wheat, control feed and exper-
imental feed fed during the trial, respectively (kg. ha™1);

Pyheat and Pcp are the market price of heat and control feed,
respectively (€. kg’l);

wage is the cost of a Full-time equivalent (FTE) for a year period (€.
FTE ™! year);

L represents the estimated labour requirement for carp production
(FTE. ha™);

Ppr is the projected sale price of experimental feed (€. kg’l).

Values for per-unit prices of carp, feed, stocking material and labour
are determined based on prevailing market prices and listed in Table S.1.
In order to arrive at economic conclusions more relevant at industrial
level, per-hectare labour input (L) was derived from findings of a farm-
level survey. This is detailed in Supplementary data S.1.

Projection of sale price of experimental feed was based on the sum of
ingredient prices as of 2018 and additional costs covering cost of oper-
ating the production line, cost of drying loss and packaging cost
(Table S.2.). The sum of these additional costs was identical to that is
used when pricing the commercialized conventional feed.

3. Results
3.1. Growth performance and nutrient utilization

Growth performance and feed efficiencies are presented in Table 3.
During the 155 days of the experiment, the one-year-old group increased
their body weight nearly tenfold in both groups. The SGR and weight
gain of juveniles were significantly higher in the experimental group.
Although statistical significances in these indicators were not detected in
the adult group, the final body weight differed significantly here, as
well. The mortality rates over the season were between 8.5-17.1 % for
the older age class, and 1.8-8.9% for the juvenile’s stock. Feed as well as
protein utilization efficiency also differed significantly in favour of
experimental feed (AFCR: 1.56 vs 1.78; APER: 2.32 vs 2.08). The protein
production value (APPV) reached 36.3 % in the experimental group
compared to 31.8 % in the control group. Considering both age classes,
per hectare gross was significantly higher under experimental diet than
in the control group (3520 vs 3020 kg.ha1). The measured biomass of
zooplankton and pond water temperature is presented in the Supple-
mentary material in Figure S1 and S2. Significant differences between the
ponds were not detected in pond food supply.

Parameter values of the linear growth model are presented in the
Supplementary text (Table S.3). Among the juveniles, the coefficients of
time (3.25) and interaction effect between feed and age (0.76) were sig-
nificant (P < 0.05), indicating that the slopes of the linear growth curves
differed between diets in the second part of the season. These values
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Table 3
Growth performances and feed utilization parameters.

Experimental group Control group p- value
Juveniles
Initial weight juveniles (g) 45.4 + 0.6 46.0 + 0.5 0.252
Final weight juveniles (g) 497.9 + 25.7 433.5 +£18.0 0.024
Stocked biomass (kg ha™') 280.3 + 3.85 284.1 + 3.11 NR
Harvested biomass (kg ha™1) 2973 £ 169.5 2542 + 185.8 0.041
Weight gain (%) (juveniles) 996.9 + 48.23 842.2 + 28.9 0.009
Mortalities (%) (juveniles) 3.33+£0.91 5.14 + 3.60 0.445
SGR juveniles (% day’l) 1.56 + 0.03 1.46 + 0.02 0.010
Adults
Initial weight adult (g) 363.3 £8.3 358.6 + 12.5 0.611
Final weight adult (g) 1533.9 + 194.4 1323.4 + 37.1 0.053
Stocked biomass (kg ha 1) 149.6 + 3.43 147.6 + 5.13 NR
Harvested biomass (kg ha™') 546.8 + 65.2 475.0 £+ 28.5 0.156
Weight gain (%) (adult) 322.4 £ 54.4 269.6 + 23.6 0.199
Mortalities (%) (adult) 13.33 + 4.12 12.86 + 3.78 0.891
SGR adult (% day’l) 0.91 + 0.04 0.86 + 0.04 0.210
total wheat offered (kg ha™!) 1441 + 73 1419 + 58 NR
total pellets offered (kg ha™') 3430 + 219 3228 +£173 NR
AFCR (g g1 1.56 + 0.02 1.78 + 0.04 0.002
APER (gg7") 2.32 + 0.03 2.08 + 0.04 0.002
APPV (%) 36.27 + 2.05 31.77 + 2.26 0.063
Gross yield (kg ha™ ) 3520 + 230 3020 + 180 0.041
Biomass weight gain ratio 7.79 £ 0.53 6.57 + 0.35 0.029

Weight gain (%): 100 x (final average body weight - initial average body
weight)/initial average body weight.

Mortalities (%): 100 x total number of individuals initial/total number of in-
dividuals final.

AFCR: apparent feed conversion ratio = total feed offered/ (total biomass final -
total biomass initial).

SGR: Specific growth rate = 100 x (ln initial average weight — In final average
weight) / feeding time.

APER: apparent protein efficiency ratio = net weight gain (wet weight) / protein
offered.

APPV: apparent protein production value = 100 x (total biomass final x final
whole-body crude protein — total biomass initial x initial whole-body crude
protein) / (feed protein x total feed offered).

Gross yield = total biomass final (kg)/ha.

Biomass weight gain ratio = total biomass final/ total biomass initial.

For statistical analysis Independent samples test were used, at 0.05 significance
level.

NR - not relevant.

suggest a linear model where individual weight gain of carp juveniles is
3.25 g.day ! in the control group and 4.01 g.day ™! in the experimental
group. As coefficient of age factor was not significant, average individ-
ual weight of juveniles did not differ between treatments on 12 July, the
last day before the start of feeding with formulated diets. Although the
coefficient of the interaction effect (2.87) was not statistically significant
in the adult group, modelled daily weight gain was 42 % higher in the
experimental group than in the control group (9.63 vs 6.76 g.day ). For
better visualization of model results and predicted difference between
treatments in weight development over time, measured individual
weights and fitted regression lines are depicted in Fig. 1.

3.2. Composition and quality parameters of the marketable fish

Composition, slaughtering indices and some physical quality pa-
rameters of the market size fish flesh were determined at the end of
season from adult fish population. There were no significant differences
observed in the nutrient content of the fish fillets between the groups, as
the difference between the individuals was very high (Table 4). The
crude fat content of the meat was measured in a wide range, between
3.14 % and 10.96 % (mean: 6.16 %) in the experimental group, and
between 2.51 % and 8.92 % (mean: 6.43 %) in the control group.
However, negative correlation was found between the water content and
fat content of the fillet. The amount of crude protein differed only
slightly between individuals and groups.
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A similar result was obtained for conventional meat quality param-
eters as dripping loss, cooking loss, thawing loss, pH and colours. No
statistically significant difference could be detected between the control
and the experimental group for these parameters. The water holding
capacity of the fish in the experimental group proved to be better than
the control, although statistically not significantly. Both spontaneous
and induced water loss were lower in this group. (Table 5)

For the fatty acid profile, minor difference was found in the total
polyene fatty acids (TOTAL PUFA), TOTAL omega-6 content, but sub-
stantial individual differences suppressed the feed effect and statistically
significant difference was not observed in most parameters. Level of the
essential long chain poly -unsaturated fatty acids, EPA, DHA, and ARA,
was relatively low, the amount varied between 0.19 and 0.65 mg/g, the
highest amount determined for ARA. Significant differences were
recorded for linoleic acid, 18:2n-6, in favour to the experimental group
due to the inclusion of DDGS. Oleic acid (18:1n-9) level is almost higher
in the control group (18.9 mg/g) compared to DDGS containing group
(17.4 mg/g). We did not find significant differences (except for the
hepatosomatic index) in the dressing indices at the end-of-season be-
tween the groups, although the higher filleting yield, hepatosomatic
index and viscera index indicate a better weight gain of the experimental
group (Table 5). In contrast, a small increase in oleic acid was observed
in the control group, which demonstrates the appearance of fat de-
positions in the body.

3.3. Serum biochemical parameters and gene expression

As shown in Table 6, all the plasma biochemical indices analysed
were not influenced significantly by the diet, except the phosphate,
when higher values were measured for experimental group in both age
classes. Significant differences between the age classes were found only
in the amylase activity, but interaction within both factors were not
observed. The amylase activity in the juveniles’ fish was determined.
The four experimental groups (feed*age) had similar levels in creatine
(0.18—-0.24 mg/dl), glucose (60—77 mg/dl), Ca (9,3-10,4 mg/dl) total
protein (3.0-3.15 g/dl), globulin (1.6-1.9 g/dl), alkaline phosphatase
(66-144 U/L), cholesterol (143—154 mg/dl) and triglyceride (229—292
mg/dl).

Similarly, expression of the two examined genes did not differ
significantly between the experimental and the control group. Fold
differences were 1.062 + 2.061 for IGF-1 and 0.89 + 1.829 for HSP70 in
the experimental group, relative to the control group (Figure S3.).

3.4. Economic calculations

Economic simulations indicate that (p < 0.01) calculated profit,
which is defined as ‘income above feed, seed and labour costs’, is higher for
experimental groups than for control groups (9264 vs. 7938 €. ha™1).
This is mainly attributed to increased revenue resulting from higher carp
yields under DDGS-based diets. Feed costs between diets did not differ
significantly, because savings associated with reduced feed cost (0.56 vs.
0.60 €.kg feed-1 for experimental and control feed, respectively) was
eliminated by increased use of feed due to better growth and higher
standing biomass in experimental groups in the second part of the
season.

Calculated benefit-cost ratio is also significantly higher for the
experimental group than for the control group (Table 7.). Sensitivity
analysis shows that even a 200 % increase in DDGS prices, raising the
price of the experimental feed from 0.56 to 0.74 €.kg feed !, would still
result in a significantly better economic performance of the experi-
mental group.
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Fig. 1. Average individual weight development per treatment over the second part of the season. Dots represent result of tri-weekly sampling harvest in each pond,
lines are fitted linear regressions based on model parameters presented in Table S.3.

Table 4
Composition of the market size (adult) fish flesh.

Filet composition (n =9) (w.w.)  Experimental group  Control group  p value
Water (%) 74.40 + 1.80 74.66 + 1.90 0.852
Crude protein (%) 16.79 + 0.31 16.81 + 0.46 0.901
Crude fat (%) 6.16 + 2.11 592 +£1.94 0.801
Crude ash (%) 1.29 £ 0.12 1.19+£0.12 0.459
Fatty acid composition (mg g~ 1)

16:0 7.78 £ 1.54 7.56 + 1.24 0.784
16:1n-9 0.24 £ 0.05 0.27 £ 0.04 0.388
16:1n-7 2.46 + 0.58 2.50 £ 0.29 0.878
18:0 1.94 +£1.02 2.36 £ 0.51 0.392
18:1n-9 17.41 £+ 4.02 18.94 £+ 3.95 0.520
18:2n-6 8.34 £1.31 6.26 + 1.68 0.038
18:3n-3 0.51 £+ 0.06 0.54 £ 0.13 0.710
20:4n-6 (ARA) 0.65 £ 0.13 0.62 £+ 0.06 0.710
20:5n-3 (EPA) 0.19 £+ 0.04 0.22 £ 0.05 0.209
22:6n-3 (DHA) 0.38 + 0.04 0.42 + 0.04 0.617
TOTAL SFA 10.51 + 2.07 10.58 + 1.85 0.785
TOTAL MUFA 22.57 +5.00 24.46 + 4.72 0.516
TOTAL PUFA 11.21 + 1.55 9.04 £+ 2.04 0.064
TOTAL n-3 1.23 £+ 0.09 1.33 £ 0.18 0.241
TOTAL n-6 9.98 +£1.48 7.70 £ 1.87 0.041
Total lipid 47.21 + 8.68 47.16 + 8.73 0.993

Total SAT: 12:0 + 14:0+i15:0 + 15:0 + 16:0+i16:0+i17:0+al17:0 + 17:0 + 18:0
+ 19:0 + 20:0 + 21:0 + 22:0 + 23:0.

Total MUFA: 14:1n-5 + 15:1 + 16:1n-9 + 16:1n-7 + 16:1n-5 + 17:1n-8 + 18:1n-
9 +18:1n-7 + 18:1n-5 + 19:1n-10 + 20:1n-11 + 20:1-n9 + 20:1n-7 + 22:1n-11
+ 22:1n-9 + 22:1n-7 + 24:1n-11 + 24:1n-9 + 24:1n-7.

Total n-3: 18:3n-3 + 18:4n-3 + 20:3n-3 + 20:4n-3 + 20:5n-3 + 22:3n-3 + 22:4n-
3 + 22:5n-3 + 22:6n-3 + 24:5n-3 + 24:6n-3.

Total n-6: 18:2n-6 + 18:3n-6 + 20:2n-6 + 20:3n-6 + 20:4n-6 + 22:2n-6 + 22:4n-
6 + 22:5n-6.

Total PUFA: Total n-3+Total n-6.

ARA - arachidonic acid, EPA - eicosapentaenoic acid, DHA - docosahexaenoic
acid.

Table 5
Slaughtering indices and some physical quality parameters of the market size
fish.

Slaughtering indices (n =9) Experimental group Control group p value
Filleting yield (%) 36.6 + 2.4 35.2+ 25 0.366
Dressing yield (%) 70.0 + 2.1 70.2 + 1.4 0.538
Hepatosomatic index (%) 3.9+0.4 3.5+04 0.040
Visceral index (%) 15.6 £ 1.9 149+ 2.5 0.530
Gonadosomatic index (%) 5.8 +2.4 6.1 +£2.7 0.786
Physical quality parameters

Dripping loss (%) 2.81 £0.73 297 £1.27 0.732
Cooking loss (%) 21.32 + 3.95 22.89 + 2.67 0.345
Thawing loss (%) 5.69 + 1.54 5.7 +1.82 0.991
pH 6.39 + 0.04 6.39 £ 0.07 0.991
Lightness (L) 44.34 + 3.08 44.34 + 0.99 0.993
Redness (a) 1.45 £0.15 1.28 +0.94 0.775
Yellowness (b) 1.6 + 0.77 1.76 + 0.59 0.621

4. Discussion
4.1. Growth performance and nutrient utilization

One of the aims of the Central European aquafeed industry is to
reduce the cost of formulations by substituting imported protein-rich
ingredients with locally available with cheaper ones such that growth
performance of target species is not compromised. Therefore, DDGS has
a great potential in carp feeds since it is cheaper than soybean meal and
performed well in growth experiments when common carp was reared
on both soybean meal and DDGG-based diets (Révész et al., 2019, 2020).
An additional challenge of feed producers is to make formulated feeds
economically viable for Central European carp farmers the majority of
which follow a semi-intensive farming technology and use only cereal
grains to complement pond food resources in order to minimize nutri-
tion costs (Gyalog et al., 2011; Markovic et al., 2016). Given this
background, in our experiment use of compound feeds was combined
with a grain-fed period in order to utilise pond food efficiently and
optimize requirement for external nutrient inputs. Although pond food
plays an important role in carp biomass gain under semi-intensive
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Table 6
Biochemical parameters of blood plasma (n = 9) at the end of trial.
FEED/AGE CREA GLU PHOS Ca TP GLOB ALP CHOL TRIG AMY
mg. dl! mg. di~! mg. dl! mg. dI! g dl! g. dl! U.L! mg. dI”! mg. di! U.L!
Exp. juveniles 0.24 + 74.00 + 9.97 + 9.62 +1.09 315+ 1.92 + 95.42 + 150.57 + 233.85 + 207.57 +
0.17 26.07 2.27 0.43 0.23 31.20 22.99 29.79 47.21
Contr. 0.19 + 60.77 £ 6.73 £ 9.43 +0.51 3.15 £+ 1.84 + 102.11 + 154.22 + 254.88 + 192.88 +
juveniles 0.09 12.48 1.50 0.31 0.28 58.18 17.67 81.65 55.43
Exp. adult 0.18 + 77.12 + 8.66 + 10.45 + 3.11 + 1.83 + 144.25 + 143.87 + 229.50 + 144.37 +
0.09 25.60 3.99 2.50 0.43 0.28 95.43 31.11 69.53 34.67
Contr. adult 0.26 + 66.37 £ 6.16 + 9.32+1.13 3.00 + 1.66 £ 66.00 + 146.50 + 292.75 + 160.87 +
0.11 18.49 2.63 0.56 0.44 24.35 17.15 131.75 45.88
FEED 0.809 0.118 0.006 0.223 0.720 0.271 0.104 0.701 0.185 0.957
AGE 0.834 0.563 0.341 0.506 0.531 0.246 0.768 0.380 0.594 0.008
FEED * AGE 0.146 0.869 0.707 0.387 0.728 0.696 0.056 0.950 0.502 0.355

Exp. Juveniles: Experimental feed, age: juveniles; Contr. Juveniles: Control feed, age: juveniles; Exp. Adult: experimental feed, age: adult; Contr. Adult: control feed,

age: adult.

CREA - Creatin, GLU - Glucose, PHOS — Phosphate, Ca — Calcium, TP — Total Protein, GLOB — Globulin, ALP — Alkaline Phophatase, CHOL — Cholesterol, TRIG —

Triglyceride, AMY - Amylase.

Table 7

Economic indicators of the treatments.
Parameters Units Experimental group Control group p value
Cost of feed' €. kg™t 0.56 0.60 NR?
Feed costs € ha’! 2158 + 110 2142 + 91 NR
Seed costs €. ha! 1225 +7 1231 +9 NR
Labour cost €. ha™! 1374 + 52 1235 + 41 0.041
Feed, seed and labour costs €. hat 4756 + 168 4607 + 132 0.380
Gross income € ha’! 9264 + 485 7938 + 398 0.040
Income above feed, seed and labour costs € ha™! 4509 + 318 3331 + 268 0.016
Benefit-Cost Ratio (BCR) € et 1.95 + 0.03 1.72 + 0.04 0.003

! Cost of feed: market price of commercial feed in control group and projected sale price of DDGS-based experimental feed in experimental group.

2 NR-not relevant.

conditions, in our experiment zooplankton availability did not differ
between the ponds implying that difference in fish growth cannot be
attributed to pond food.

In Central Europe gross yields in carp farming range from 500 to
1500 kg ha™! under semi-intensive cereal-based technologies, while
production intensity may be increased up to 3000 kg ha~! with the use
of compound feeds (Gyalog et al., 2017; Markovic et al., 2016; Roy et al.,
2020). The average yield (3420 kg ha™!) of experimental groups in our
study was high in comparison with these values, which is important in
an era when climate change and societal drivers stress the need of effi-
cient use of land and water resources (Gyalog et al., 2021). Gross yield of
experimental treatment was also significantly higher than that of control
treatment.

The weight gain ratio calculated for the combined age class was
significantly higher under DDGS-based diet (7.8) than with commercial
feed (6.6). Within the experimental group the weight gain ration of the
juvenile (lyear+) biomass was 10.6, while for the adult (2year+)
biomass this metric was 3.7. These values are superior to those calcu-
lated for cereal-based semi-intensive technology. Under Hungarian
conditions Horvath et al. (2002) calculates that weight gain ratio of carp
juveniles is around six at a stocking rate of 300 kg ha!. Weight gain
ratio of adult (2 year+) Common carp stocked at a density of 300—400
kg ha! is generally around 3-4 assuming a 6-7 months-long production
season (Horvath et al., 2002; Varga et al., 2020). Mraz et al. (2012)
reported a similar ration for biomass gain under experimental conditions
in the Czech Republic. However, industry average is somewhat lower in
Hungary due to higher mortalities, as reported by Gyalog et al. (2017).

APPV (sometimes also referred as protein retention efficiency and
can directly be translated to nitrogen efficiency) and APER (a measure of
biological weight increases per weight unit of protein fed) values are
often used to evaluate the nutrient efficiency of production technologies.

In our experiment, APER differed significantly between treatments
having much better values for DDGS experimental group, even though
the essential amino acid supply was more balanced in the control group.
Similar tendency is observed for PPV without statistical significance.
The protein utilization efficiency calculated (APPV = 36.3 %) for the
experimental treatment is comparable to the upper side of the range of
nitrogen utilisation efficiencies modelled for cereal based Common carp
farming in the Czech Republic (Roy et al., 2020), and higher than that is
calculated for Hungarian semi-extensive carp farms (Gal et al., 2016).
Calculated feed conversion rates (1.56 in experimental group and 1.78
in control group) should be interpreted in the context of pond culture
conditions. In China, the biggest carp producer a median value of 1.5 for
the feed conversion rate was reported for carps (Chiu et al., 2013), while
the global average is 1.8 (Tacon and Metian, 2008). Taking into account
that compound feed accounted for only 70 percent of total feed intake in
our experiment, the DDGS-based formulation proved to be nutritionally
efficient.

Several studies demonstrated that the DDGS content feed positively
impacted the growth of fish and also the production parameters (Li et al.,
2011; Overland et al., 2013; Wu et al., 1996, 1997; Sandor et al., 2021).
According to these studies the DDGS inclusion level varying between
15-60 % depending on the feeding behaviour of the targeted species. In
our trial in the pilot farm condition 40 % DDGS level in the carp feed
demonstrated a positive impact to the production parameters. Similarly,
Révész et al. (2019, 2020) presented worthwhile results for common
carp in closed rearing system. This investigation confirms that corn
DDGS is highly utilizable by common carp juveniles, furthermore, ad-
vantages in production and nutrient utilization of adult aged class carp
could be observed.
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4.2. Composition and quality parameters of the marketable fish

There was no adverse effect of ingredients source on the proximate
composition of the common carp fillets determined from the market size
individuals. The fat content, which is the most dominant indicator of the
flesh quality, varied as usual in the pond systems did with high indi-
vidual variability. The fat content of the carp fillet produced in tradi-
tional carp farming using grain supplementation is usually much higher
(10-15 %) compared to the carps fed with composed, high protein
content diet (Geri et al., 1995; Trbovic, 2014; Sandor et al., 2020). High
energy content feeds increased the growth and in same time the fat
content of the flesh, while the protein remain unchanged (Kaushik,
1995). It seems that body weight positively affected the visceral and
hepatosomatic indices, but slightly contributed to the increase in the
filleting and dressing yield. These findings are in accordance with the
results of Bauer and Schlott (2009) It is generally accepted, filleting
yield is affected by many factors, such as age, weight, sex, body shape
reproduction (Souza et al., 2015). For example, a significant decrease of
fillet yield can be observed on female carps prior to spawning (Dubost
et al.,, 2007). Following earlier findings (Bauer and Schlott, 2009;
Dubost et al., 2007) our results are in accordance with attainable 70 %
dressing yield and 36 % filleting yield for common carp. Interestingly,
Varga et al. (2013a) described the fillet mean yield 44 % investigated
four Hungarian common carp strains. Prchal et al. (2020) found that the
filleting yield of Amur mirror carp was 50 %, which is higher than usual
values in common carp. These differences are most likely due to the
different filleting methods (commercial vs experimental).

It is well known that the fatty acid composition of the fish is mark-
edly influenced by the lipid pattern of the given feed. In our case this
presumption is reflected in linoleic acid level (18:2n-6) and in total n-6
and total PUFA level which is caused by fatty acid profile of DDGS. The
rest of the fatty acids were not differing significantly between treat-
ments. The fatty acid composition of the feeds differing mainly in LC n-3
FAs which are in higher level in the control feed. Since this tendency is
not visible in the fillet, it is assumed that n-3 FAs were strongly utilized
in oxidation process in control group compared to DDGS group. How-
ever, this observation should be smoothed out by the possible
zooplankton intake during the season. Unfortunately, reduced level of
long chain polyunsaturated fatty acids (LcPUFA) is observed in both
groups, notwithstanding pond fish can take long chain n-3 from the
natural food feeding (Mraz and Pickova, 2011; Steffens, 2016). For this
reason, feeding a final diet over the last period of fish rearing and
slaughtering is advised when the tissue n-3 level could be enriched
(Mraz et al., 2012).

The measured data on the fillet physical quality are similar to pre-
vious results on the meat quality of carp under domestic conditions
(Varga et al.,, 2013a). Considering the physical quality parameters
(water holding capacity, pH, colour) all fillet samples were identical. All
type of moisture loss (induced: cooking and thawing loss, and sponta-
neous: dripping loss) were lower in experimental group compared to the
control, without significant difference. The muscle intracellular water
loss is introduced by tetanic contraction of the muscle fibers (sponta-
neous dripping loss), developing the rigor mortis. In this process the
protein components of the third filament are degraded. Regarding the
provoked thawing loss, freezing disrupts cellular membranes, the Z-line,
and the filamentous structure as well (Takahashi et al., 1993). The
degradation process revealed after the thawing is associated with the
increase of the Ca®* concentration around the myofibrils, thus enabling
further contraction and fluid loss through the damaged membrane
structure. In addition, the extent of thawing loss is primarily bound to
the proteins (Varga et al., 2013a).

After the death of fish, the physical and chemical degradation pro-
cesses of tissues were started. Lactate as an end-product of anaerobic
metabolism is accumulated in muscles. It results a pH fall of the fish flesh
in the first 24 h post mortem. Our results on carp fillet pH are similar to
previous findings (Fauconneau et al., 1995; Varga et al., 2013a). The
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colour of carp flesh is mainly affected by the feed. Cereal feed, inde-
pendently of the different environment results an identical meat colour
(Varga et al., 2013a). Using unusual feeds in carp feeding, such as
walnut, only slight changes can be detected in flesh lightness (L value)
(Varga et al., 2013b)

In our study no difference was found between the control and
experimental group regarding the colour. Herath et al. (2016) showed
that the dietary treatments did not affect the lightness, redness, yel-
lowness of the flesh of Nile tilapia fed DDGS. Our results suggest that
dietary inclusion of DDGS (40 %) does not negatively affect fillet water
holding capacity, pH and color.

4.3. Serum biochemical parameters and gene expression

Biochemical parameters of the blood plasma are dependent on fish
size, species, nutritional status and environmental circumstances (Chen
et al., 2003; Tan et al., 2013; Velisek et al., 2009; Peres et al., 2014). In
our experiment, the level of phosphate significantly increased in both
age classes fed with the experimental feed, and amylase activity was
significantly higher in the older age classes. Other biochemical param-
eters did not differ significantly between the treatments or age classes.
The high phosphate level is attributed to the available digestible phos-
phor present in DDGS compared to other plant ingredients (Révész et al.,
2020).

IGF-1 mediates many of the growth-promoting effects of growth
hormone (GH) and it is synthesized in various tissues, mainly in the liver
of fish (Duan, 1998). Nutritional status has a profound effect on hepatic
IGF-1 mRNA level in fish. Starvation caused a significant decrease of
IGF-1 mRNA level in the liver of coho salmon (Oncorhynchus kisutch),
grouper (Epinephelus coioides) and channel catfish (Ictalurus punctatus)
(Duan and Plisetskaya, 1993; Pedroso et al., 2006; Peterson and Wald-
bieser, 2009). Growth-promoting effect of diets correlated with elevated
expression of hepatic IGF-1 in gibel carp (Carassius auratus gibelio) and
Nile tilapia (Oreochromis niloticus) (Tu et al., 2015; Hassaan et al., 2019).
Our results are consistent with these previous findings, as dietary in-
clusion of DDGS did not positively or negatively affect growth of adult
fish and IGF-1 expression in their livers. Heat shock proteins are the
main regulators of stress response in fish (Basu et al., 2002; Shatiyaa and
Vijayan, 2003). Elevated expression of HSP70 in fish liver can be a sign
of malnutrition, as it was demonstrated in gilthead sea bream (Sparus
aurata) (Kokou et al., 2016). In our experiment, 40 % inclusion of DDGS
into the fish feed did not change the expression level of HSP70 in the
liver of common carp, which means that this level of DDGS is tolerable
for this species, and it is in concern with the result of our previous
studies (Révész et al., 2019).

4.4. Economics

Economic benefits of applying DDGS in aquafeeds may arise due to
cheaper feed formulations or improved production efficiency, which
either can be reflected in increased yield per unit of infrastructure
(measured in m® or ha) or improved feed conversion. For some species
trade-offs occur between production efficiency and cost of formulations
when expensive ingredients with high nutritional value (i.e. fish meal)
are substituted with DDGS. Coyle et al. (2004) and Allam et al. (2020)
reported reduced costs of feed formulations but worse growth perfor-
mance and feed conversion for tilapia and stripped catfish, respectively.
In these trade-off situations, economic benefit arises only if reduction in
unit cost of feed compensates the economic loss associated with lower
yields and higher feed conversion. However, in case of some omnivorous
species for which commercial feeds already formulated dominantly with
plant proteins, DDGS can replace vegetable ingredients such that cost of
formulation is decreased and growth performance is increased at the
same time. From economic point this means that savings made on cost of
feed is topped with further economic gains stemming from better growth
of fish (Oliveira et al., 2020). In our study, we demonstrated a marked
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economic advantage of applying DDGS in carp feed in comparison with a
commercial formula. Although the cost of feed formulation containing
40 % DDGS is only slightly lower than that of commercial formula,
significant benefit arises because of increased per-hectare revenues
associated with increased growth rates.

Benchmarking our results against the economic performance of
cereal-based semi-intensive carp farming is a hard task, because
empirically derived financial data is not available in a regional context.
However, using the Climepond software, which performs both biological
and economic simulations for Hungarian carp farms assuming a feeding
technology based on cereal grains, it can be calculated that best per-
forming pond management scenarios come with an ‘income above feed,
seed and labour costs’ in the range of 1200-1300 € ha~! and with benefit
cost ratios around 1.5-1.6 (Gyalog et al., 2021). These numbers suggest
that combining the use of DDGS-based compound feed with periods of
grain feeding (our experimental treatment) is a viable carp farming
technology.

5. Conclusions

Based on a carp feeding experiment conducted throughout the sea-
som, it can be said that the feed containing 40 % DDGS performed well in
terms of production and feed utilization parameters and could be a
promising component of carp feed to be placed on the market in the
future. Based on the results of the economic assessment, the use of
experimental feed formula in carp culture generates much higher net
income per hectare compared to the use of conventional feeds. At the
same time, quality of the fish produced with DDGS-based diet is favor-
able and they lead to similar fillet quality values as commercial feeds,
which has been used in production for a long time.
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