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Introduction to the problem

Th e common practice of pond aquaculture with carp as the “major fi sh” anticipates providing 
proper nutrition of the stock based on natural feed and supplementary feeding. Feed for carps 
must be effi  cient as well as environmentally friendly, with respect to eff ects on water, which is 
seen as “precious possessions” (Directive 2000/60/ES, 2000 of the European Parliament and 
of the Council). Water, including retained water, is a factor of production in fi sh farming, but 
is not the subject of property. Companies involved in aquaculture are in the state of “limited 
resources and capabilities” and their prosperity is related to their level of economy income.

Breeding of market carp should fulfi l the purpose of the production of whole foods, while 
respecting the laws in force and using scientifi c and technical knowledge. Th e certifi ed 
technology summarizes new fi ndings related to the effi  ciency of a traditional treated animal 
feed – cereals, which have been applied successfully in the nutrition of carp. Th e technology 
describes a technique of feeding and the infl uence of the physiological process of conversion 
carp feed on the balance of phosphorus in water, as the main element of eutrophication. 
Monitoring feed effi  ciency is the subject of controlling water quality and the welfare of farmed 
fi sh.

1.1. Supplementary feeding of carp

1.1.1. Importance of natural and supplementary feeding in carp farming

Fish production in ponds in the Central Europe is achieved mostly by semi-intensive farming 
combining natural and supplementary feeding, mainly cereals (Hepher and Pruginin, 1982; 
Moore, 1985; Horváth et al., 1992; Kaushik, 1995; Bauer and Schlott, 2006; Adámek et al., 
2010; Mareš et al., 2012). Natural food plays an irreplaceable role in the diet of carp. In 
terms of nutritional levels, it contains easily digestible proteins, mainly from representatives 
of zooplankton and zoobenthos. Th is natural food is of good quality and contains all the 
components necessary for normal growth of fi sh (Jirásek et al., 2005). It is known that aquatic 
invertebrates contain large amounts of protein (55–70% of dry matter), necessary for good 
growth of older carp which need usually 25–30% of protein (Hepher, 1979; Wieniawski, 1983; 
Kaushik and Preface, 1995; Jirásek et al., 2005). It is apparent that protein from natural feed 
is not always fully economically used for the growth of fi sh. Supplementary feeding in ponds 
creates an increase from 25–30% (Adámek et al., 2008) to 50% (and more) of biomass of 
fi sh (Tacon and De Silva, 1997; Szumiec, 1999). Th e rest of the production arises from natural 
feed. Supplementary feeding is a useful source of nutrients and energy for carp and adds the 
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necessary components for better growth and production of fi sh (Abdelghany and Ahmad, 
2002). Th e semi-intensive farming system uses feed of plant origin, such as rye, triticale, 
maize, wheat and barley (Hůda, 2009; Jankovic et al., 2011). However, such feed does not 
cover all needs necessary for nutrition and growth of farmed carp although the cereals are 
cheap and an easily available source of energy (Ghosh et al., 1984; Turk, 1994, 1995; Markovic 
and Mitrovic-Tutundzic, 2003; Hůda, 2009; Mráz and Picková, 2009).

Starch is an essential component of cereals (60–70%), its digestibility for carp is of about 
70% if the cereals are unprocessed (Cirkovic et al., 2002) however, it can be increased to up 
to 90% by a heat treatment (Przybyla and Mazurkiewicz, 2004). A specifi c enzymatic system 
with high amylase and maltase activity allows the carp to use high amounts of carbohydrates 
(Steff ens, 1985). Th anks to their high digestibility, carbohydrates are one of the most valuable 
sources of energy in feeds for carp and enable better utilization of protein for fi sh growth 
(Sadowski and Trzebiatowski, 1995). Total protein content in the grains of cereals varies 
depending on the type and quality in the range of 7–15% (Füllner et al., 2000; Dordević and 
Dinić, 2007). On the other hand, the protein composition is poor in essential amino acids 
(Przybyl and Mazurkiewicz, 2004; Másílko and Hartvich, 2010). Hofer and Sturmbauer (1985) 
mention that wheat and some other cereals contain anti-nutritional substances (albumin, 
etc.), which reduce the α-amylase activity. Th ese substances may reduce the digestion of 
starch.  Anti-nutritional factors mainly include protease inhibitors, phytoestrogens giotrogeny, 
antivitamins, phytates, various oligosaccharides and antigenic proteins – allergens (Tacon and 
Jackson, 1985; Hendricks and Bailey, 1989; Macrae et al., 1993; Liener, 1994; Anderson and 
Wolf, 1995; Friedman, 1996; Alacrón et al., 1999). Th e eff ects of anti-nutritional factors are 
undesirable because they reduce feed intake and bioavailability of nutrients from the diet, thus 
they cause the reduction of the growth and higher water pollution by excreted faeces (Van der 
Ingh et al., 1996; Refstie et al., 1998; Alacrón et al., 1999; Arndt et al., 1999). A fundamental 
reason is the absence of enzymes. As for example, phytic acid, the stored form of phosphorus 
in plant feed, creates complex compounds called phytates with some elements (e.g., Ca, Mg, 
Zn). Th e proportion of phytate phosphorus, which is signifi cantly indigestible for monogastric 
animals, of total phosphorus in the wheat grain is 73% (Kudrna, 2004). To be used by fi sh, 
this phosphorus must be released from the complexes by enzymatic hydrolysis through the 
phytase enzyme. Th e feed of plant origin contains an insuffi  cient amount of phytase and fi sh 
is not able to produce this enzyme. Phytases produced by microorganisms may be added 
in feed or feed mixtures. Higher utilization of phosphorus from plant components leads to 
a reduction in the need to add inorganic phosphates in feed mixtures (Rodehutscord and 
Pfeff er, 1995; Oliva-Teles et al., 1998).

1.1.2. Stability of production in pond aquaculture

Research on and implementation of nutritional strategies to reduce the production of 
metabolites in ponds is one of the factors that infl uences the sustainability and stability of 
pond aquaculture production. Steff ens (1985) dealt with the assessment of protein from 
feed and their conversion into biomass of carp under operating conditions, showing that the 
deposition of proteins in two-year old carp fed industrially produced feed mixtures based 
on cereals is in the range of 27–32%, which is relatively low. Similar results were reported by 
Máchová et al. (2010). In our study, in order to verify the technology, the quality of the feed, 
its appearance and the applicability of this technology to increase carp stocks have been 
analysed recently (Hossain et al., 2001, Másílko et al., 2009, Davies and Gouveia, 2010). Type, 
composition and production method of feed have a signifi cant impact both on the retention 
of nutrients in fi sh biomass and, reciprocally, on the amount of metabolites produced by fi sh 
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stocks in the ponds (NRC, 1993; Jirásek et al., 2005). Improving the quality of feed in order 
to retain phosphorus in the fi sh biomass is one of the main objectives in order to reduce the 
impact of aquaculture on the environment (Gavin et al., 1995, Satoh et al., 2003).  From the 
perspective of excessive nutrient loading of pond ecosystems used for fi sh farming, it will be 
important to adjust the amount of feed and fertilizer to reach a zero balance of phosphorus in 
ponds (TP in feed + TP in fertilizer + TP in fi sh stock = TP in harvested fi sh).  In such case, all of 
the phosphorus supplied to the pond in connection with fi sh farming would be removed from 
the water again by the biomass of fi sh. No “extra“ phosphorus would be supplied increasing   
its concentration in the  surface water and thus the water eutrophication (Knösche et al., 
2000; Duras and Potužák, 2012; Hartman, 2012). Due to the thermal instability of anti-
nutritional substances (e.g. lectins and protease inhibitors), it is possible to reduce, limit, or 
inactivate their function without a depreciation of the feed material using a heat treatment 
(Másílko and Hartvich, 2010). Some anti-nutritional substances may be present in the hull of 
the cereals. Th erefore, removal or disruption of hull and subsequent heat treatment of certain 
feed can signifi cantly reduce the impact of these factors (Robaina et al., 1995; Burel et al., 
1998; Refstie et al., 1998; Glencross et al., 2007). In accordance with these conclusions, it is 
expected that thermal or mechanical processing of feed cereals before using them in carp 
ponds can help to increase the digestibility of such modifi ed cereals and to reduce the load 
on the pond environment by undigested or poorly digested feed supplements (Jovanovic et 
al., 2006; Hlaváč et al., 2014), and thus relieve the nutrient balance of the ponds.

1.1.3. Supplementary feeding of stocks in relation to current legislation

Pond aquaculture from the sixties up to the nineties of the 20th century was focused on 
stocking and feeding with granular feed mixtures containing a proportion of animal protein. 
Th e current pond aquaculture returned to the original method of the supplementary feeding 
of carp with cereals. Th e reason for feeding cereals is their characteristic stability against 
nutrient leaching in opposite to industrially produced feed mixtures in the form of granules. 

Th e signifi cantly diff erent digestibility and retention of protein, fat and carbohydrates 
from natural feed and supplementary cereals in the biomass of carp is equally important. 
Schäperclaus and Lukowicz (1998) report a recoverability for protein up to 90% and fat based 
on unsaturated fatty acids up to 95% from zooplankton, while the protein utilization of cereal 
(depending on fi bre content) is in the range of 30–45% by common carp. For the above 
mentioned, the eff orts for more effi  cient utilization of cereals by increasing their digestibility 
and the nutrient conversion are completely justifi ed, both in terms of fi sh farming, and for the 
interests of the protection of surface waters (Knösche et al., 2000; Duras and Potužák 2011; 
Hlaváč et al., 2014 ). Currently used methods in feed production are very eff ective, in order 
to improve dietary characteristics, digestibility, eliminate anti-nutritional substances and to 
extend the shelf life (Kudrna, 2004). Th e available treatments for carp feed were evaluated in 
2009–2012 including thermal treatment (hygienization), pressing of cereals, heat treatment 
simultaneously with pressing and grinding of grains (Hartvich and Urbánek, 2007; Urbánek, 
2009; Hůda, 2009; Másílko et al., 2009, 2010) together with the infl uence of supplementary 
feeding on the nutrient balance in ponds (Hartman, 2012; Hlaváč et al., 2013).



- 52 -

Chapter 4

2. Aim

Th e primary concern in the management in pond aquaculture with fi sh production is the 
effi  cient utilization of material inputs, such as feed and nutrients for the development of pond 
biocenosis. Th is is also important in regard to the requirement of an environmentally-sound 
cultivation practices of the surface water, which results in sustainable development of fi sh 
ponds.

Th e aim of the technology is to provide expertise about the eff ectiveness of modifi ed 
cereals compared to unmodifi ed cereals in pond common practice of carp farming. 

It is necessary for sustainable fi sh farming in ponds to prevent cumulating of nutrients in 
ponds or pond basins due to fi sh increment. On the other hand, it is desirable to convert the 
nutrients into the biomass of the fi sh growth and to eliminate them from the water.

3. Place where technology was certifi ed 

Th e technology was certifi ed in 2009–2012 in Rybářství Třeboň a.s. Th e evaluation was done 
in the storage ponds in Třeboň (Figure 2) – objects providing a controlled environment without 
fl ow, excluding the impact of basin or minimizing the eff ect of nutrient sources in sediments 
and in four fl ow-tight ponds (Figure 1) – in pond systems Naděje, near Frahelž (2012), Horák 
(2,2 ha), Baštýř (1.7 ha), Fišmistr (2.8 ha) and Pěšák (2.7 ha). Management in those ponds 
matched operating conditions of normal pond practice, but without fertilization.

Figure 1. Ponds near the village of Frahelž (source: www.openstreetmap.org).
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Figure 2. Preparation of holding ponds for evaluations in Třeboň (Photo: D. Hlaváč)

4. Description of the technology and results

4.1. Evaluation of the „novelty of the procedure“

A digestibility between 60–86% of untreated cereals by two and three-year old carps was 
achieved under suboptimal water temperature (19–22 °C) but optimal oxygen content (70–75%).
However an absorption of nutrients into the muscles of carp reached a maximum of 32% in 
operating conditions (Steff ens, 1985). 

Th e search for options how to ensure a better digestibility and absorption of cereals by 
fi sh is therefore justifi ed primarily in terms of economic effi  ciency of feed and also for the 
reduction of metabolism products of carp stocks with regard to the protection of the aquatic 
environment. A carp digests most of fi bre and some other polysaccharides and plant proteins 
with diffi  culties because of the absence of a stomach and its functions (Jirásek et al., 2005). 
Th e current method of traditional pond aquaculture is based on the supplementary feeding of 
untreated whole cereals. Earlier the only possible treatment of cereals consisted of soaking 
the cereals in a vessel with a volume of water equal to the weight of the grains (for legumes 
usually a volume of water to 2.5 times the weight is used). Th e technology compares whole 
cereals without modifi cation and heat-treated cereals (Figure 7) labelled as hygienized, 
pressed cereals, cereals pressed and simultaneously heat-treated cereals and rough grinding. 
Heat treatment of feed in principle means to apply an action of heat or heat combined with 
moisture to the feed. Starch, which is present in abundance in the cereals begins to swell 
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at a temperature of 50–60  °C (Doležal et al., 2006). Th e temperature up to 120  °C with 
20% moisture is more appropriate for greater degree of gelatinous. Th is results into better 
digestibility of feed (starch is partially hydrolyzed and more easily accessible for digestive 
enzymes).

For that reason, the heat treatment was used in our evaluation. Th e heat treatment is 
executed with hot steam at the temperature of 95–100 °C followed by 60–90 seconds in the 
hygienizer  at a temperature  ranging from 75 to 85 °C and under the pressure of 0.2 MPa. 
After cooling the cereals are placed in a container for further dispatch. Hygienisation secures 
an increase in the digestibility of polysaccharide – mainly of the starch by gelatizing of 60–
90% of the original content. Th is method is known as the HTST (High Temperature Short 
Time). Th e feed is processed gently, without adversely aff ecting the natural shell of the grains 
and thus its “water resistance”. Th e heat treatment of cereals (legumes or oilseeds) took 
place in a continuous process (Kudrna, 2004) and used an equipment manufactured by Bühler 
AG (Switzerland – Figures 3 and 4).

Th e eff ect of hygienisation of feed is the preparation of feed with improved dietary properties. 
Th is is done primarily by increasing the digestibility of each of the components, reducing the 
content of anti-nutritional substances and elimination of undesirable microorganisms. It leads 
also to extend the shelf life of the feed.

Figure 3. Hygienisation system (heat-treatment of cereals) according to technical documentation of 

Bühler AG, Switzerland.
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Figure 4. Scheme of the heat treatment of cereals according to technical documentation of Bühler 

AG, Switzerland.

Pressing of cereals is executed by smooth rollers, moving against each other, the distance 
can be adjusted as needed pressure on the grains. Squeezing undermines the integrity of 
the grains by compression (Figure 8), thus facilitating its digestibility especially for carps of 
lower ages (farming of K1 to K2) with weights up to 200 to 250 g per carp. Pressing of cereals 
can be considered as a fi rst stage of grinding which generally represents a major mechanical 
treatment of the grain. 

Grinding is a violation of surface packing of a grain, which leads to the reduction of 
undesirable anti-nutritional substances which are contained in the grain (Tacon and Jackson, 
1985). Th e size and particle size balance infl uences the effi  ciency of feed and the amount 
of processing costs. Preparation and treatment of grain feed is very demanding on the 
required energy input. Th erefore, the appropriate solution in order to save energy is very 
important. In practice, the feed includes three levels of grinding with the following particle 
sizes: coarse (> 2.0 mm), medium (1.0 to 2.0 mm) and fi ne (< 1 mm) (Másílko et al., 2009). 
Grinding of animal feed provides better feed intake and increases the digestibility (Urbánek, 
2009). Čítek et al. (1998) describe that the goal of grinding is the adjustment of particle 
size according to the size and needs of the fi sh fed with the supplementation. Th e positive 
eff ect of grinding (Figure 9) is the improvement of the digestibility. Some losses occur due to 
dissolution in the water (up to 30% or more) and leaching of elements (up to 50%) from the 
grounded grains. Solved particles then decrease water quality and increase the eutrophication 
of a pond.
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4.2. Material and Methods

4.2.1. Supplementary feeding of carp by technologically modifi ed cereals

Feed was given to monoculture stocks of K
3 
with the initial weigh of 1 ± 0.3 kg per individual, 

three times a week (Monday, Wednesday and Friday) from May to September (160–170 days). 
Stocking density was 363 ks.ha-1 of weight-balanced individuals of carps; corresponding to 
350 kg.ha-1 of biomass. Cereals (wheat, triticale and rye), unmodifi ed, thermally treated, 
pressed, grinded, or treated with a combination of heat treatment and pressing were used. 
Th e tests were done in storage ponds in Třeboň and in four fl ow-tight ponds in Naděje, a pond 
system near the village of Frahelž. Annual (vegetation) feed ration of cereals accounted for 
3 kg of tested feed per 1 kg of carp during stocking. Current feed ration of feed administration 
was at the level of 2–5% with respect to the growing season, water temperature, oxygen 
content and the actual weight of the stocking found by the previous control catching. Th e 
level of development of natural feed was also taken into account in the ponds. Th e nutritional 
value of feed was determined by the producer and an independent accredited laboratory in 
the respect of crude protein, Nitrogen-Free Extract (NFE), fat, digestible energy (DE) and total 
phosphorus (TP). 

Before the beginning and after the end of each experiment, the total weight of the fi sh 
stock was assessed. Subsequently, the feed conversion ration FCR rate was calculated by the 
following formula: 

                                        FCR = 
F

(w
t
 - w

o
)

w
t
 ............................ weight of fi sh stock at the end of the experiment [kg]   

w
o
 ............................ weight of fi sh stock at the beginning of the experiment [kg]

F .............................. amount of feed during the period [kg]

To evaluate the effi  ciency of treated feed in relation to the untreated feed, the following 
calculation was then used to calculate U

k
 increase in conversion in % (feed effi  ciency in %) 

according to the FCR:

U
k
  = 

(FCRU + FCRUk
n
) x 100

FCRN
k1

 + FCRN
kn

FCRU
k1

 – FCRU
kn

 ...............FCR modifi ed feed during the monitoring 1 up to n  
FCRN

k1
 – FCRN

kn
 ...............FCR unmodifi ed feed during the monitoring 1 up to n 

4.2.2. Calculation of the phosphorus balance

To calculate the phosphorus balance (as a major nutrient causing the development of 
eutrophication and algal blooming), it is necessary to know the input of these elements by 
supplementary feeding of cereals. Monitoring included an analysis of the feed nutrients to 
focus on the TP content in the dry matter of feed.

According to the analysis of feed (2012), the untreated wheat contained 3.15 g.kg-1 of 
TP. Th e heat treatment increased the content to 3.25 g.kg-1 of TP. Th e diff erence in the 
content of total phosphorus in treated wheat was caused by partial loss of water during the 
heat treatment. To calculate the balance is also important to determine the content of the 
main element in the biomass of fi sh in order to quantify the output of nutrients by the fi sh 
production. 
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Th e analysis was based on data showing that 1 kg of fi sh biomass contains 8.4 g of TP 
(Hlaváč et al., 2013). Th e method of the assessment of the balance of nutrients (by Duras and 
Potužák, 2012) is shown in Figure 5.  Th e calculation used data of the pond from 2012. Th e 
balance was calculated with respect to the input and output of TP in feed and fi sh biomass 
without taking into account the inputs and outputs of the inlet and outlet of the water.

TP input Pond

Fish farming (stock 
fi sh and feed

Production of fi sh 
(harvested fi sh)

TP output

Figure 5. Th e basic shceme for evaluating the balance of matter. 

Th e critical value of the feed conversion rate (FCR
k
) was calculated by the proportion of the 

TP content in the feed and in fi sh biomass according to Hejzlar et al. (2007), which shows 
the ratio between the concentration of TP in the fi sh biomass and the nutrient concentration 
present in the feed according to the following formula:

FCR
k
 = 

Cr
Ck

Cr ......................concentration of the element in fi sh biomass
Ck ......................concentration of the element in the feed

Example of calculating the balance of phosphorus

Th e retention of total phosphorus in the fi sh biomass is shown in Table 1. Th e output of 
phosphorus in harvested fi sh was always higher than the input by feed and the initial fi sh 
stock. Th e highest retention (-2985 g.ha-1), i.e. output of phosphorus in fi sh biomass was 
recorded in control group (only on natural feed) with zero input of phosphorus by the feed. 
Th e fi sh stocks supplementary fed heat-treated wheat had the highest retention (-1877 g.ha-1)
compared to the other supplementary fed groups of fi sh. Th e lowest retention was recorded 
in ponds where fi sh were supplementary fed by wheat without modifi cation (-1301 g.ha-1).  
Furthermore, the value of the critical threshold for the feed conversation rate was calculated 
(FCR

k
 = ratio exmashing the content of TP in the growth of the fi sh to TP content in the feed).  

Th e critical factor of feed for wheat without treatment was 2.67 (8.4 g.kg-1 of TP in fi sh / 
3.15 g.kg-1 of TP in wheat) or wheat after heat treatment is 2.58. According to the obtained 
coeffi  cients of unmodifi ed wheat, the real FCR was 1.94 and 1.69 for wheat after heat 
treatment in the ponds. A rational supplementary feeding of the fi sh stock was performed 
with regard to the balance of phosphorus in the ponds, without exceeding the critical value 
of the feeding rate for TP could be concluded.
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Table 1. Example of calculating the balance of phosphorus in the ponds in 2012.

Feed Input 
initial fi sh 

stock [g.ha-1]

Input 
feed 

[g.ha-1]

Output
harvested fi sh 

[g.ha-1]

Total 
balance
[g.ha-1]

FCR Total weight 
gain of fi sh

[kg.ha-1]

Heat-treated 
wheat

2290 3562 7729 -1877 1.69 644

Untreated 
wheat

2397 3441 7139 -1301 1.94 563

Control 2426 – 5411 -2985 – 355

4.2.3. Physical and chemical properties of water and natural feed of fi sh

Since 2009, the physical and chemical water parameters temperature, oxygen and pH were 
monitored in the experimental objects (storage ponds and ponds) at fortnightly intervals 
in the storage ponds and 5 times during the growing season in the other ponds during the 
feeding experiment. To measure the physical and chemical properties of the water the YSI 
Professional (Yellow Spring, USA) was used. 

Water properties in the storage ponds and the normal ponds are shown in Tables 2 and 3. 
According to the values   observed all water quality parameters were suitable for good growth 
of carp during the experiment.

Table 2. Physical and chemical parameters of water (holding ponds in Třebon, 2009–2012).

Year Water temperature (°C)  Oxygen (mg.l-1) pH  

2009 20.6 ± 2.9 5.4 ± 0.7 7.3 ± 0.9

2010 21.0 ± 2.7 6.2 ± 1.6 7.2 ± 0.4

2011 20.6 ± 2.7 7.0 ± 1.0 8.1 ± 0.5

2012 20.6 ± 2.4 6.3 ± 1.1 8.1 ± 0.6

Table 3. Physical and chemical parameters of water (ponds 2012).

Pond Feed Water temperature (°C) Oxygen (mg.l-1) pH 

Horák Heat-treated wheat 20.2 ± 5.3 8.2 ± 1.8 7.9 ± 0.8

Fišmistr Untreated wheat 22.2 ± 5.0 8.6 ± 1.8 8.2 ± 0.8

Baštýř Control 20.5 ± 5.3 9.7 ± 0.8 8.4 ± 0.5

Pěšák Heat-treated wheat 22.0 ± 4.5 7.7 ± 1.7 7.8 ± 0.7

Zooplankton samples were collected in the ponds used for the experiment for quantitative 
and qualitative analysis. For the collection of the zooplankton in the storage ponds a plankton 
throw net of 80μm mesh size was used. Samples were made with a fi ve-metre lines and 
preserved in 4% formaldehyde. Th e analysis was performed in the Sedgwick-Rafter cell 
counting chamber. Th e sample of zooplankton from the ponds was fi ltered through a sieve 
with a mesh size of 700 μm. Th e resulting fraction was transferred to a graduated cylinder. After 
30 minutes of sedimentation the zooplankton was condensed to the volume of one litre. To 
calculate the weight and dry weight the following relation was used: 1ml of the zooplankton 
= 0.5 g of fresh weight. In the Naděj pond system, quantitative samples of macrozoobenthos 
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(Figure 6) were collected as well in 2012. Samples were collected by the Ekman-Birge bottom 
sampler with grasping area of 225 cm2. Four samples were collected in each of the ponds and 
individually rinsed on a mesh size of 0.5 mm immediately, and the remaining sediment with 
benthic organisms was preserved as a sample in 4–6% formaldehyde. Th e density and biomass 
of the zoobenthos was recalculated for one square meter area of   the bottom. Monitoring of 
the macrozoobenthos in storage ponds was not done because due to the mineral substrate of 
the bottoms (sand), no signifi cant presence of higher aquatic invertebrates occurred.

Feed Supply – zooplankton (storage ponds in Třeboň, 2009-2012)

Storage ponds 2009

Average abundance of the zooplankton (Rotifera, Cladocera, Copepoda) was to 
488 ± 294 ind.l-1, the lowest content was observed in September (82 ind.l-1). Th roughout the 
season the dominant group was Daphnia (Cladocera 69%), mainly the Daphnia longispina. 
Th e amount of Daphnia larger than 0.7 mm during the growing season was highly variable and 
fl uctuated from a maximum of 250 ind.l-1 in July to 3 ind.l-1 in August.

Storage ponds 2010

A mean value of 204 ± 127 ind.l-1, of zooplankton was observed. Daphnia (mainly Bosmina 
longirostris) dominated throughout the whole season (83%). Copepods (Copepoda) 
accounted for about 13% of the total plankton communities and were represented mainly 
with the dominant copepod species Th ermocyclops crassus. Rotifers (Rotifera) represented 
only 4% of the total abundance. Th e quantity of Daphnia larger than 0.7 mm were in the 
order of a few specimen recorded in June (3 ind.l-1) and a maximum in August (20 ind.l-1) with 
D. longispina as the dominant species.

Storage ponds 2011

Th e average value of total the zooplankton was 181 ± 245 ind.l-1. Th e lowest amount was 
observed in August (43 ind.l-1), when the community was dominated by daphnia (mainly 
D. longispina). Th e highest content of zooplankton was found in September (798 ind.l-1), 
when the copepods dominated the zooplankton with a proportion of 83%. Th e abundance of 
daphnia larger than 0.7 mm represented mainly by species D. longispina, was in the order of 
several specimen (average of 5 ± 2 ind.l-1).

Storage ponds 2012

Th e mean value of the zooplankton was 84 ± 82 ind.l-1. According to the proportion of 
each group, the population was dominated by copepods with 60%, represented mainly by 
cyclopoida. Daphnia accounted for 34%, with D. longispina as the dominant species. Rotifers 
accounted for only 6% of the total abundance of the zooplankton. Th e highest amount 
was found in July (189 ind.l-1), while the lowest amount of the zooplankton was recorded in 
September (26 ind.l-1). Daphnia greater than 0.7 mm were predominantly represented by 
D. longispina (9 ± 9 ind.l-1).

Th e quantity the zooplankton (especially individuals larger than 0.7 mm) was lower in the 
control (no supplementary feeding), while in the ponds with diff erent types of supplementary 
feed a signifi cantly higher quantity of zooplankton was found, although this also fl uctuated 
in diff erent years.
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Feed supply – zooplankton and zoobenthos (experimental ponds 2012)

Specimen bigger than 0.7 mm were represented in all experimental ponds by Daphnia 
galeata during the major part of the growing season, to a lesser extent  also by species 
of Ceriodaphnia sp. and  Daphnia pulicaria (Table 6). Th e ponds provided enough natural 
feed for almost the whole season and an almost optimal feed conversion was achieved. Th e 
pond of Baštýř (without supplementary feeding) clearly showed lower presence of the bigger 
zooplankton specimen (Table 4).

Table 4. Abundance of the zooplankton in ponds, 2012 (g.m-3).

Feed zoopl. > 0.7 mm (g.m-3) 
průměr

zoopl. > 0.7 mm (g.m-3) 
minimum

zoopl. > 0.7 mm (g.m-3)
maximum

Heat-treated wheat 1.72 0.69 3.67

Untreated wheat 1.83 0.23 5.50

Control 1.03 0.23 3.67

Macrozoobenthos in the ponds in 2012 consisted of 23 taxa, ten of which were found in the 
control pond, 15 of them were found in the ponds with supplementary feeding.  All 10 taxa 
occurring in the control pond were common to all samples. Diff erences in the number of taxa 
identifi ed in individual samples were not signifi cant between the samples.

Th e density and biomass of benthic invertebrates was higher in samples from the ponds 
with supplementary feeding compared to the control pond.  Diff erences were found when 
comparing the index of saprobity (SI ) – while its value by macrozoobenthos showed worse 
alfa-mezo-saprobity in the control pond (SI 3.46 ± 0.17) ponds with supplementary feeding 
indicated water quality by about a half degree better ( SI 2.79 to 2.98 ). Th e diversity index of 
macrozoobenthos reported no diff erences; the values   were, however, overall, slightly lower in 
ponds with supplementary feeding (Table 5).

Table 5. Analysis of benthos in ponds in 2012.

Feed Control Untreated wheat Heat-treated wheat

density [ind.m-2] 411  154 907  353 863  561

biomasss [g.m-2] 1.89  0.83 2.891.37 3.68  2.74

Number of taxa 5.6  1.7 7.2  2.6 6.7  3.1

Sum of taxa 10 15 15

SI 3.46  0.17 2.98  0.51 2.79  0.54

H´ 1.32  0.23 1.27  0.41 1.10  0.45

Th e dominant 
taxa

Tubifex tubifex
Limnodrilus hoff meisteri
Chironomus plumosus

Ceratopogonidae

Tanytarsus sp.
Tubifex tubifex
Limnodrilus sp.

Ceratopogonidae

Tanytarsus sp.
Chaoborus sp.
Limnodrilus sp.

Ceratopogonidae
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Figure 6. Sampling of plankton in storage ponds of Třebon and sampling of benthos in ponds of Naděj 

system (Photo: D. Hlaváč and M. Podhradská).

4.3. Results of supplementary feeding of carp with treated cereals

Th e aim of aquaculture today is to ensure an adequate production of fi sh and aquatic 
animals. One option for achieving this goal is a technological modifi cation of cereals in order 
to increase the digestibility and the nutritional value while preserving the natural shell of the 
cereals, ensuring their water resistance until their consumption. Th e research was carried 
out in storage ponds, which are characterized by fl ow-tightness and relatively low natural 
production without being aff ected by input of nutrients, and in normal ponds (Table 6).

In the experimental storage ponds, the effi  ciency of heat treated cereals resulted in an 
improvement of the feed conversion of 9.73% at a relatively low natural production level 
of 185 kg.ha-1 in average. Th e results were reported after seven tests. In contrast, the heat-
treated cereals in the ponds showed to improve feed conversion by nearly 13%. However, this 
can probably be attributed to the higher natural feed production in these ponds compared 
to the natural feed production in the storage ponds (371–372 kg.ha-1). Heat-treated cereals 
in accordance with a suffi  cient supply of natural food are suggested to be quite positively for 
the increase of fi sh biomass.
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Heat treated and pressed cereals resulted in an improved feed conversion of 7.93%, after 
three tests. Th is was marginally lower compared to heat-treated cereals. Also pressed cereals 
improved the feed conversion rate (FCR) by 10.34% compared to untreated whole grains. 
Since pressing the cereals is not expensive, but unfortunately reducing the shelf life, these 
treatment can be used especially for K

1
–K

2
 (age categories of carp). Supplementary feeding 

by grinded cereals reported insignifi cantly better feed conversion expressed as more effi  cient 
FCR by 2.93% (with a medium to coarse grinding after eight tests in holding ponds in 2009–
2012). Th e research of supplementary feeding by grinded cereals was not realized in ponds 
due to insuffi  cient soaking of gristle and resolving of the cereals in the water.

Ta
b

le
 6

. S
u

m
m

a
ry

 o
f 

th
e 

a
ve

ra
g

e 
va

lu
es

   o
f 

th
e 

FC
R

 (
±

 S
D

) 
a

n
d

 t
h

e 
eff

 e
ct

iv
en

es
s 

o
f 

te
ch

n
o

lo
g

ic
a

lly
 m

o
d

ifi 
ed

 f
ee

d
 (

U
k)

 in
 t

h
e 

st
o

ra
g

e 
p

o
n

d
s 

a
n

d
 p

o
n

d
s 

in
 2

0
0

9
–2

0
1

2
.

E
xp

er
im

en
ta

l 
o

b
je

ct
s

H
ea

t-
tr

ea
te

d
U

n
tr

ea
te

d
P

re
ss

ed
U

n
tr

ea
te

d
H

ea
t-

tr
ea

te
d

 
an

d
  P

re
ss

ed
U

n
tr

ea
te

d
G

ri
n

d
ed

U
n

tr
ea

te
d

S
to

ra
g

e 
p

o
n

d
s

2
.2

3
 ±

 0
.1

3
2

.4
7

 ±
 

0
.0

9
1

.7
7

 ±
 0

.5
0

2
.0

0
 ±

 0
.4

0
2

,2
4

 ±
 0

,1
4

2
,4

3
 ±

 0
,1

0
1

,8
5

 ±
 0

,7
3

1
,9

1
 ±

 0
,6

4

U
k 
FC

R
 [

%
]

9
.7

3
1

0
.3

4
7

.9
3

2
.9

3

*P
o

n
d

s
1

.6
9

 ±
 0

.0
1

.9
4

**
–

–
–

–

U
k 

FC
R

 [
%

]
1

2
.8

9
–

–
–

* 
FC

R
 s

co
re

d
 o

n
 t

h
e 

p
o

n
d

s 
w

as
 r

ec
al

cu
la

te
d

 u
si

n
g

 t
h

e 
w

ei
g

h
te

d
 a

ve
ra

g
e 

in
 r

el
at

io
n

 t
o

 t
h

ei
r 

ar
ea

 (
h

a)
 

**
 W

it
h

o
u

t 
re

p
et

it
io

n
 

A
n

 e
xa

m
p

le
 o

f 
th

e 
ca

lc
u

la
ti

o
n

 o
f 

effi
  

ci
en

cy
 (

U
k)

 o
f 

te
ch

n
o

lo
g

ic
al

ly
 m

o
d

ifi 
ed

 c
er

ea
ls

 (
Fm

) 
is

 g
iv

en
 b

el
o

w
 

(c
o

effi
  

ci
en

ts
 o

f 
m

o
d

ifi 
ed

 f
ee

d
 c

er
ea

ls
 i

n
 t

h
e 

n
u

m
er

at
o

r 
an

d
 u

n
tr

ea
te

d
 c

er
ea

ls
 (

Fs
) 

in
 t

h
e 

d
en

o
m

in
at

o
r 

ar
e 

in
 

b
ra

ck
et

s)
  

  
  

  
  

  
  

  
  

  
  
  
  
  
  
  

 
Ex

am
p

le
.: 

U
k 

(s
to

ra
g

e 
p

o
n

d
) 

=
1

0
0

 -
 (2

.0
5

 +
 2

.3
5

 +
 2

.0
4

 +
 2

.2
3

 +
 2

.4
3

 +
 2

.2
 +

 2
.2

9
) 

* 
1

0
0

(2
.5

5
 +

 2
.6

3
 +

 2
.3

6
 +

 2
.3

8
 +

 2
.4

5
 +

 2
.4

5
 +

 2
.4

5
)

 =
 9

.7
3

%



- 63 -

Supplementary feeding of carp with modifi ed cereals

Figure 7. Heat treatment – hygenisation of cereals. Th is method of cereal treatment is indistinguishable 

from the whole grains. Th e only chance to detect heat treated cereals is to check the germination. Th e 

cereals are not able to germinate after hygenisation process. (Photo: J. Másílko).

Figure 8. Mechanical treatment of cereals by pressing. (Photo: J. Másílko).

Figure 9. Mechanical treatment of cereals by grinding. (Photo: J. Másílko).
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4.4. Assessment of supplementary feeding of carp with modifi ed cereals

1. Heat treated cereals showed a more effi  cient conversion of nutrients during the growth of 
carp in both storage ponds and also in the normal ponds. Th is confi rms that the carp as an 
agastric animal can use hygienized cereals signifi cantly more effi  ciently by about 10–13%
compared to cereals without modifi cation. Improved dietary characteristics of the heat 
treated cereals together with a suffi  cient supply of natural food resulted in a more 
effi  cient conversion of nutrients to fi sh biomass. Humid heat treatment of cereals by 
the hygienisation process showed an increased digestibility and an increased conversion 
of nutrients by the fi sh. Finding new ways to tailor the feed and the confi rmation of the 
feeds suitability for pond aquaculture production seems to be promising for the future.

2. Pressing of cereals, which disrupts the natural protective shell – a husk of caryopsis, 
makes nutrients in the endosperm better available and partially removes anti-nutritional 
properties of a grain. Th is treatment resulted in positive results in the storage ponds, 
increasing the feed conversion up to 10%. Th e ponds can be aff ected in particular by 
the possibility of dissolving in the water, similarly to cereals modifi ed by grinding. Th is 
method of treatment is therefore more appropriate in smaller ponds and fi ngerling 
ponds with the recommendation to feed into feed frames.

3. Feeding heat-treated and pressed cereals together resulted into improved conversion 
by nearly 8% (7.94%) in  holding ponds and corresponded with the pressing of cereals. 
However, applying this adjustment for market carp feeding in the main ponds is at least 
questionable with regards to possible dissolving in the water and increased costs.

4. Coarsely and medium grinded cereals were observed to be insignifi cantly positive (3%) 
for the conversion of nutrients by the fi sh in the storage ponds. Th e experiments were 
not tested in the ponds because of the known dissolving of such treated cereals in the 
water.

5. Balanced nutrient management in ponds is achievable assuming the exploitation of 
natural food and an adequate supplementary feeding at up to twice the level of the 
natural output. To focuse on the nutrient balance in the ponds is not only a tool to 
optimize their use, but also an opportunity to improve the management of the entire 
pond system. Diff erent modifi cations of cereals listed in this technology may be a 
framework for the sustainable management of pond resulting in an improved phosphorus 
balance in the pond systems.

4.5. Store and dealing with treated cereals

Storage is a very important aspect for mechanically treated cereals. A long-term storage 
leads to a wide variety of undesirable biochemical, chemical or even physical changes 
(Skalický et al., 2008). Disrupting the integrity of the caryopsis enables easy contamination 
by the surrounding environment. Th erefore, it is particularly important to store mechanically 
processed cereals in clean, dry and ventilated area. Mechanical treatment of cereals is subject 
to the current need for feeding fry and stocks. It is not recommended to store the modifi ed 
cereals as reserves for very long time. Furthermore, pressed cereals have a lower specifi c 
weight. According to Mareš et al. (2011) pressing reduces the specifi c weight of up to 30%. 
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Reducing the specifi c weight increases the demands on the application for example feeding 
into enclosed frames.

Cereals treated by hygienisation leave the production process chilled with a lower water 
content stabilized against external infl uences during storage. Due to the reduced moisture 
cereals are protected against for exampleagainst fungal diseases orgermination of grain 
caused by increased digestibility of the polysaccharides due to the reduced moisture. Logistics 
related to the storage, and application is comparable to the standard cereal feeds.

5. Economic benefi ts of technology to the business entity

Th e cereals treated by hygienisation resulted into a signifi cant reduced FCR (Food Conversion 
Ratio) =  the ratio between the consumed food and fi sh growth) of 9.73% in the storage pond 
in a controlled environment with low natural production and up to 12.89 % compared to 
untreated cereals in ponds with relatively high natural production of appropriate conditions 
in Třeboň area. Tests were done at K3 to K4 ages of carp with normal stocking densities 
and supplementary feeding intensity. Evaluating the economic effi  ciency of heat-treated 
cereal respected the change in protein and polysaccharide content, due to the reduced water 
content, which resulted in an increase of the original content of protein and polysaccharide 
in the order of a few percent. Th e costs of the technological adjustments, mechanical or 
thermal were in the order of tens of crowns for 1 q (1 q = 100 kg) of cereals. Technological 
modifi cations by pressing or crushing were more3 expensive by about 10 to 15 CZK / q; the 
heat treatment costs were about 20 to 30 CZK / q.

Třeboň Fisheries currently consumes 100 t of heat-treated cereals annually. Increasing the 
growth by 10–12% can cause the fi nancial eff ect of 90–100000 CZK per year. Th e extension of 
the use of heat-treated feed can save feed costs in the order of several hundred thousand CZK

Reducing the load of ponds with indigestible and non-absorbable nutrients, especially 
phosphorus (total phosphorus, TP) is an eff ect whose fi nancial impact is not precisely 
quantifi able.  Annually, it would be possible to expect a direct saving of tens of kilograms of 
the TP in the case of Třeboň Fisheries according to the above data, which is released into the 
Lužnice basin. A further reduction the TP input into the aquatic environment is due to the 
higher digestibility and utilisation of the heat-treated cereals to considerable parts of fi sh 
stocks.

6. Th e application of technology in production

Th e use of pressed, heat-treated, grinded cereals or a combination of heat-treatment and 
pressing is utilized in bigger companies for pond aquaculture. In comparison with granular 
feed, processed cereals are attractive because of their economic availability, a signifi cantly 
higher stability in water (excluding grinded cereals) and have an almost equivalent level of 
digestibility of individual components (proteins nitrogen-free extracts, digestible energy, etc.). 
Th is method of treatment is generally available for most aquaculture companies as the feed 
could be purchased from production and supply enterprises also involved in the sale and 
distribution of feed for livestock.

Th e Method of using modifi ed cereals increases the conditions of eff ective supplementary 
feeding for a wider age range of carp. While the unmodifi ed cereal feeds are given mostly to 
carp in breeding ages K

2
 to K

3
 and K

3
 to K

4
; the modifi ed cereals, can be used for K

r
 to K

1
 and K

2
 

for a considerable part of the growing season with very benefi cial results due to physiological 
availability of nutrients.
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