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PRODUCTIVE AND ECONOMIC EFFICIENCY OF REARING TABLE
CARP WITH THE USE OF NON-TRADITIONAL FEED ADDITIVES

0. Baturevych, shtefan 91 @ukr.net, Institute of Fisheries NAAS, Kyiv
T. Bersan, bersanto@ukr.net, Institute of Fisheries NAAS, Kyiv

Purpose. To establish the efficiency of the use of such minerals assaponite, analcime and
bentonite used as feed additives in the main diet of age-1+ carp on their majorfeatures and the
economic component of their cultivation in ponds.

Methodology.The experimental works were carried out in the conditions of ponds of the State
Enterprise ExperimentalFarm "Nyvka" of the Institute of Fisheries of NAAS during the growing period
of 2018. The object of the study were age-1+carp of Nyvka scaly intrabreed type. The study included
three experimental and control groups of fish and was conducted in analogous ponds with an area of
0.5 ha each. The diet of fish of the first experimental group ws supplemented with 3% of saponite, the
diet of fish of the second experimental group was supplemented with 3% of analcime, and the diet of
fish of the third experimental group was supplemented with 2% of bentonite. The control group of fish
was fed with a balanced feed, without additives. Hydrochemical and fish farming studies were carried
out according to generally accepted methods.

Findings.The study demonstrated that majorhydrochemical parameters during the growing
period were within normal limits, but there was an increase in the level of permanganate oxidation of
waterwith an increase in water temperature during the summer. However, the level of chlorides was
slightly increased during the entire growingseason in the experimental and control ponds.

In the experimental variants, when supplanting the main diet of age-1+ carp with saponite,
analcime and bentonite, the total fish productivity of ponds was higher by 0.7%, 13.4% and 3.5%,
respectively, with a decrease in feed costs for cultivation compared to control. At the same time, the
best survival rate of fish was 69.1% when fish were fed with the feed supplemented with bentonite,
versus 64.2% in the control pond.

When analyzing the economic efficiency of the use of these minerals in the feeding of age-1+
carp, a 2% increase in profitability was observed as a result of the supplementation of fish diet with
saponite, 16.4% after addinganalcime and 4.2% after adding bentonite compared to control.

As a result of comparative characteristics of the studied minerals, it should be noted that the
most promising for use in the feeding of age-1+carp can be analtsim, given the highest rates of
weight gain of fish, fish productivity of ponds and as well as the earned profit.

Originality.The efficiency of the use of such minerals as saponite, analcime and bentonite in the
feeding of age-1+ carp as non-traditional feed additives was analyzed for the first time. A
comparative assessment of their effects on the main fish features and economic parameters of
cultivation was performed.

Practical value. Based on obtained positive results of the introduction of the studied minerals
into the diet of carp, it is possible to increase fish growth and fish productivity of ponds. The low cost
of these non-traditional additives leads to a positive economic effect in the process of fish cultivation.
Accordingly, the use of saponite, analcime and bentonite in the conditions of commercial carp
cultivation is justified and relevant.

Key words: age-1+ carp, saponite, analcime, bentonite, minerals of natural origin, fish
productivity, economic efficiency.
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NPOAYKTUBHA TA EKOHOMIYHA E®EKTUBHICTb BUPOLLYYBAHHA
TOBAPHOIo KOPOTMA 3A BUKOPUCTAHHA B roaissi
HETPAQULIINHUX KOPMOBUX [0OBABOK

0. 0. barypesuy, shtefan 91@ukr.net, IHcTUTYyT pubHoro rocnogapctea HAAH, m. Kuis
T. O. bepcaH, bersanto@ukr.net, IHcTUTYT pubHoro rocnogapctea HAAH, m. Kuis

Mema. BcmaHoeneHHA epeKkmusHOCmi 3adCMOCY8AHHA MiHepanie CcanoHim, aHAAbYUM |
b6eHmoHim 8 akocmi Kopmosux 006aB80K y CKAadi OCHOBHO20 pPauioHy 080/aiMOK Kopona ma enausy
HQ OCHOBHI pub020CcrodapcuKi MOKA3HUKU MA EKOHOMIYHY CKAadosy sUpOUy8aHHA 8 yMOBaX CMasis.

Memooduka. ExcrniepumeHmansHi pobomu npogedeHo e ymosax cmasie AN Al «Hueka»
IHcmumymy pubHozo e2ocnodapcmea HAAH enpodosi eezemauiliHo2o nepiody 2018 poky.
06’ekmom 0ocnionceHHA b6ynu 0807IMKU HUBKIBCbKO20 /1yCKAMO20 8HYMPIiWHbOMOPOOHO20 mury
Kopona. [ocniodceHHA cKAadanocsa 3 mpbox 00CAIOHUX Ma KOHMpPOsbHOI 2pyn pub i 6ysa0 nposedeHe
8 cmasax-aHasozax naoweto 0,5 2a kKoxceH. Pubam nepwoi 0ocnidHow epynu 60 cKnady 0CHOBHO20
pauioHy esodunu canoHim y Kinbkocmi 3% e cknadi Kopmy, pubam Opyeoi docnidHoi epynu — 3%
aHansbyumy, a pubam mpemeooi 0ocnidHoi epynu — 2% 6eHmoHimy. KoHmposnoHil epyni pub
320008y8aau 36anaHcosaHuli KOMbBiKopMm 6e3 esedeHHA 00 [io2o ckaady 0obasok. idpoximiyHi i
PUBHUUbKI B0CnidHCeHHA Nposoduu 3a 3a2aa6HONPUTHAMUMU MeMOOUKAMU.

Pe3yabmamu. Y pe3ysbsmami nposedeHux 00cni0xeHbs 8CMAHO8/1EHO0, W0 8M1Po008x3 rnepiody
B8UPOLWYBAHHA OCHOBHI 2i0pOXiMiYHI MOKA3HUKU 3HAXOOUAUCA Yy MeMXax HOpMU, npome npu
niosuweHHi memnepamypu 800U y AimHil nepiod s8iOMi4eHO 3POCMAHHA PiBHA NePMAH2aHAMHOI
OKUCHIOB8AHOCMIi 800U. Pa3om 3 mum, npomsazom 8cbo20 8ezemayiliHo2o ce30Hy y 00CniOHUX ma
KOHMpPOsbHOMY cmasax piseHo xsaopudie bys dewjo nidsuweHud.

Y OocnidHux eapiaHmax npu eeedeHHi 00 CKaAdy OCHOBHO20 PAYiOHYy 0807iMOK Kopomna
canoHimy, aHaneyumy ma 6eHMOHImy 3a2aabHA pubonpodykmusHicme cmasie 6yna euworo
8idnosioHo Ha 0,7, 13,4 ma 3,5%, pa3om 3i 3HUMEHHAM 8umpam KOpMie HA BUPOWYBAHHA 8
MOpi8HAHHI 3 KOHMposaem. [opad 3 yum, Halikpawuli MOKA3HUK PiBHA BUMUBAHHA pub cmaHosus
69,1% npu 200isni ix KOPMOM i3 000a8aHHAM beHmMoHImy, npomu 64,2% y KOHMPOLHOMY CMasy.

AHQni3y04U eKOHOMIYHY egheKmuBHIiCMb BUKOPUCMAHHA OGHUX MiHepasie y 200iesni 080aiMoK
Kopona, cnid 3a3Ha4umu 36inbweHHs pieHA peHmabesnbHocmi Ha 2% y pe3ynbmami esedeHHs 00
CKnaody pauioHy pub canoHnimy, Ha 16,4% — aHanbyumy ma Ha 4,2% — 6eHmMoHimy 8i0HOCHO
KOHMponio.

3a pe3ynbmamamu nopieHAHHA XapaKkmepucmuk 00CaiOxy8aHux miHepanis, caio0 3a3Ha4yumu,
wo HalinepcrneKmMugHiWUM 019 BUKOPUCMAHHA 8 200i8s1i 08071iMOK KOpona moxe 6ymu aHanbyum, 3
02180y Ha Halisuwi MOKA3HUKU npupocmy macu pub, pubonpodykmueHocmi cmasie ma
OMpUMaHo20 npubymeky.

Haykoea HosusHa. B pesynbmami ekcriepumeHmy enepuwe npoaHasni3o8aHo egekmusHicme
BUKOPUCMAHHA MiHepanie canoHim, aHaabyum ma 6eHmoHim 8 200iesni 080aiMoK Kopona 8 aKocmi
HempaduyiliHux Kopmosux 006a80K. 30ilicHeHO MopPieHAAbHY OUiHKY iXHbO20 8rMauU8y HA OCHOBHI
pubo2ocnodapcoKi ma eKoOHOMIYHI MOKA3HUKU 8UPOU,YBAHHS.

MpakmuyHa 3Ha4YuUmicme. Ha 0CHO8i OmMpuMaHUX MO3UMUBHUX pe3ysnbmamie e8edeHHA
00cnidHysaHUx MiHepasie 00 payioHy Kopora, MoXHa 3abesnedyumu 36inbweHHA npupocmie pub
ma pubonpodykmusHocmi cmasie. Hesucoka sapmicmes 0aHux HempaouuiliHux 006a80K 3yMOBIoE
OMPUMQAHHA MO3UMUBHO20 EKOHOMIYHO20 edekmy 8 npouyeci 8UpPOwy8aHHA. BionosidHo,
BUKOPUCMAHHA CaroHimy, aHaneyumy ma 6eHmMoHimy 8 yMosax mosapHo20 8UPOWYBAHHA KOPOa €
06rpyHMOBAHUM i GKMYAI6HUM.

Knruoei cnoea: 080simKu Kopona, canoHim, aHaneyum, 6eHmoHim, miHepanau npupooHo20
oX00XeHHs, pubornpodyKmueHicmb, EKOHOMIYHA egheKmuBHicme.
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NPOAYKTUBHAA U SKOHOMMUYECKAA IPPEKTUBHOCTb BbIPALLUBAHUA
TOBAPHOIO KAPMA nNPU UCMNO/ZIb3OBAHUMN B KOPMJIEHUU
HETPAOULIMOHHbBIX KOPMOBbLIX JOBABOK

0. A. batypesuuy, shtefan 91 @ukr.net, MHCTUTYT pbibHOrO Xx03alcTBa HAAH YKpauHbl,
r. Knes
T. A. bepcaH, bersanto@ukr.net, MUHCTUTYT pbibHOro xo3aincTtea HAAH YKpauHsl, r. Knes

Lleab. OnpedeneHue 3s¢dpekmusHoCMU npuUMeHeHUs MUHepasao08 CanoHuUm, aHaAbYUuUM U
beHmMoHUM 8 Kayecmee Kopmosbix 006080K 8 cocmase OCHOBHO20 PAYUOHA 08YX7emoK 8
KOHMeKcme Ha OCHOBHble Pbiboxo3slicmeeHHble MoKasamesnu U 3KOHOMUYECKYH COCMasAArouyo
Mpu 8bIPAUUBAHUU 8 NPYA08bLIX YCAOBUSIX.

Memoduka. 3KkcnepumeHmansHele pabomesl nposedeHsl 8 ycnosusax npyoos [T OX «Hueka»
UHcmumyma peibHozo xo3alicmea HAAH e meyeHue ee2emayuoHHoz2o nepuoda 2018 eoda.
Obvekmom uccnedosaHus bbiau 08yxaemKuU HUBYAHCKO20 Yewyl4amozo 8HympurnopooHo20 muna
Kapna. ViccnedosaHue cocmosno U3 mpex onbiMHbIX U KOHMpPossHoU 2pynn pulb u 6biano nposedeHo 8
npyoax-aHanozax naouwadeto 0,5 2a kKauobili. Pbibam rnepsoli onbimHoli 2pynmbl 8 COCMA8 0CHOBHO20
payuoHa 8obasnanu canoHUmM 8 Kosuyecmese 3% 8 cocmase Kopma, pelbam emopoli oneimHol 2pynnel
— 3% aHanbyuma, a poibam mpemeeli oneimHol epynnsl — 2% 6eHmoHuma. KoHmposneHol 2pynne
pblb6  cKapmaueanu cOAAAHCUPOBAHHbIU KOoMbBUKopm 6e3 esedeHUs 8 e20 cocmas O00bOaBOK.
Tudpoxumuyeckue u pbib6080OHbIe UCCIeA08AHUSA MPOBOOUU M0 0OWENPUHAMbIM MEemoOUKaM.

Pe3ynemamel. B pe3ysnemame nposedeHHbIX Uccnedos8aHuli ycmaHoesneHo, Ymo 8 meveHuu
nepuoda 8bIPAULUBAHUA OCHOBHbIE 2UBPOXUMUYECKUE MOKA3amenu Haxoousaucs 8 npedenax Hopmol,
O00HAKO rfpu nosblWeHUU memnepamypbl 800bl 8 sAemHull nepuod ommeyeH pPocm ypoBHs
nepmaHzaHamHoUl okucasemocmu 8o0bl. Bmecme ¢ mem, 8 meyeHue 8ce20 8e2emayiOHHO20 Ce30HA
8 OMbIMHbIX U KOHMPOLHOM MPyoax ypos8eHb xaAopudoe bbla HECKObKO M08bIWEH.

B onbimHbIx 8apuaHmMax npu ee8e0eHUU 8 COCMA8 OCHOBHO20 PAUUOHA O8YXAEMOK Kapna
canoHuma, aHaabyuma u beHmoHuma obuwaa pbibonpodykmusHocme npydos 6biaa ebluwe
coomeemcmeeHHo Ha 0,7, 13,4 u 3,5%, emecme cO CHUMXeHUeM 3ampam KOpMO8 HA 8blpaujusaHue
10 cpasHeHUur ¢ KoHmposaem. Hapady ¢ smum, aydwuli noKkazamersne 8bixcusaemocmu pbib cocmasusn
69,1% npu KopmaeHuuU pelb Kopmom ¢ dobasneHuem beHmoHuma, npomus 64,2% 6 KOHMpPOAbHOM
npyoy.

AHQAAU3UPYA 3KOHOMUYECKYIO 3(PeKmMUBHOCMb MpPU UCMO0A6308aHUU OQHHbLIX MUHEpasnos 8
KopmaeHUU 08yxaAemoK Kapna, cnedyem ommemums osbleHuUe yposHa peHmabensHocmu Ha 2%
8 pe3ysbmame 88edeHus 8 cOCMas pPayuoHa puib canoHuma, Ha 16,4% — aHanbyuma u Ha 4,2% —
6eHMoHUMA o OMHOWEHUIO K KOHMPOIIo.

Mo pe3ynemamam CPABHEHUA XAPAKMePUCMUK uccaedyemoix MUuHepanos, caedyem
ommemume, Ymo Haubosee nepcrneKmMusHoIM 0715 UCMOMAb30B8AHUA 8 KOPMAEeHUU 08YXaAemoK Kapna
moxcem 6bimb  AHAABUUM, Y4UMbIBAA  BbICOKUE [0oKa3amenau npupocma Maccel  polb,
pbibonpodykmusHocmu npyooes u nosayvyeHHol npubebiau.

HayyHaa Hoeu3Ha. B pe3ynemame 3sKcnepumeHma  erepsvle  NpoaHaauU3uposaHa
aghheKmuBHOCMb UCMNOMAb308AHUA MUHEPAsA08 CArnoHUM, aHAAbUUM U 6eHMOHUM 8 KOopMsaeHUUu
dsyxnemoK Kapna 8 Kayecmee HempadUUUOHHbIX KOpmo8bix 006asok. OcyuwecmsaneHa
CpasHUMeEsIbHAA OUEHKA UX B/UAHUA HA OCHOBHble pblbox03AlicmeeHHble U 3KOHOMUYecKue
rnokasamesnu eblpawuBaHUs.

Mpakmuyeckaa 3Ha4yumocmoe. Ha OCHOBe MOAYYEHHbIX [MOA0HUMESbHbLIX PE3YabmMamos
88e0eHuUA uccnedyemblix MUHePasn08 8 PAyUOH Kapna, MOXHO obecrieyums ygeaudyeHuUe npupocmos
pbib u peibonpodykmusHocmu npyodos. HegbiCOKas cmoumocme OGHHbIX HempaouyuUOHHbIX 006a80K
npusoouM K rosy4eHuto rnosaoXUmMenbHo20 IKOHOMUYECKO020 3hheKma 8 npoyecce 8bipaujusaHus.
CoomeemcmeeHHO, UCMo/b308aHUE CANOHUMA, aHAAbYUMA U BeHMOoHUMa 8 yca08UsX Mo8apHo20
8bIPAWUBAHUSA KAPMNA A6Aemcs 060CHOBAHHbIM U GKMYAAbHbIM.

Kntouesble cnoea: Osyxnemku Kapna, camnoHUm, aHansbyum, 6GeHMoHUm, MuHepassl
MPUPOOHO20 NPOUCXOHOEHUS, Pbi6ONPOOYKMUBHOCMb, SKOHOMUYECKAA 3¢h(heKMmUBHOCM®b.
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PROBLEM STATEMENT AND ANALYSIS OF LAST
ACHIEVEMENTS AND PUBLICATIONS

Nowadays, in the conditions of market economy of the state, there is a need to
identify reserves for the development of fish industry and to search for new
economically sound approaches to management. The priority tasks of fish farming are:
reducing the cost of technologies, resource saving, improving the quality and ensuring
the competitiveness of fish products while increasing productivity and ensuring
environmental safety [1]. The task of optimizing and reducing the cost of production of
final products requires additional costs and cannot always guarantee an effective
increase in fish productivity. Therefore, one of the main areas of competitiveness in the
market of fish products is fish feeding because the majority of the cost in the process of
fish cultivation falls on feeds [2].

In this regard, it is of great interest to use non-traditional feed additives in fish
feeding that can satisfy the needs of fish not only in nutrients but also in minerals,
which ensures the normal growth and development of fish body [3]. Therefore, due to
the positive results in the field of fish farming [4], such additives can be natural
minerals with sorption properties —saponite, analcime and bentonite. Scientific studies
demonstrated that the use of these minerals of natural origin in the diet of farm animals
and poultry has a positive effect on the physiological state of their body and
productivity [5, 6]. The high efficiency of their use is due to the content of
approximately forty macro- and microelements, as well as adsorption, ion exchange and
catalytic characteristics [7, 8]. Especially important for fish farming is the property of
these minerals to sorb mycotoxins in finished feed and to slow down the passage of feed
into the intestines of fish depending on the temperature that has a positive effect on the
digestibility of feed [9 — 10].

HIGHLIGHT OF THE EARLIER UNRESOLVED PARTS
OF THE GENERAL PROBLEM. AIM OF THE STUDY

According to their physicochemical properties, the use of these minerals in the cap
feeding in ponds is a very promising task. Analcime, saponite and bentonite are little-
studied mineral additives in fish farming; however, our previous studies showed the
effectiveness of their use in feeding age-1+ and brood carp [11 — 12]. At the same time,
other authors studied the use of bentonites in the feeding of sturgeon and trout [6, 13],
which is of considerable scientific interest for further studies in fish industry.

The study examines the feasibility of the use of these additives in the feeding of
age-1+ carp with a purpose of increasing fish productivity of ponds and establishing the
economic efficiency of fish cultivation.

The aim of the study was to determine the efficiency of the use of analcime,
saponite and bentonite in the feeding of age-1+ carp in terms of productivity, feed
consumption and economic component of fish cultivation.

MATERIALS AND METHODS

The study was carried out in the conditions of the State Enterprise Experimental
Farm "Nyvka" of the Institute of Fisheries of NAAS. Three experimental ponds and one
control pond with an area of 0.5 ha each were used in the experiment. The object of the
study were age-1+ carp of Nyvka scaly intrabreed type. The stocking density of the
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experimental groups of fish was 4000 specimens/ha. Fish of the first experimental
group (Experiment 1) were fed during the growing period with a feed supplemented
with 3% saponite, the diet of fish of the second experimental group (Experiment 2)
included 3% analcime, the diet of fishof the third experimental group (Experiment 3)
included 2% bentonite. Fish of the control group (Control) was fed with the compound
feed PKS 111-2/2/4, manufactured at the Dnepropetrovsk plant of fish feed. In total, the
growing season lasted 120 days, from May 14 to September 10, 2018. Feeds were
introduced into ponds to the feeding places from the shoreline once a day. The daily
amount of feed was 3 — 5% of the weight of fish, taking into account the growth rate
and hydrochemical regime. Feeding of carp was carried out according to the established
feeding schemes [14] with semi-intensive technology of fish farming. Water sampling
for chemical analysis and their processing in the laboratory were performed according
to conventional hydrochemical methods. Water quality was assessed according to
general requirements and regulations in fish farming [11 — 12]. At the end of the
experimental work, fish were caught, their total and average weight were measured, the
survival rate was calculated in accordance with the objectives set at the beginning of the
study.

STUDY RESULTS AND THEIR DISCUSSION

Water temperature in the ponds was optimal for fish farming and reached its
highest values in mid-July and early August — 26.0 — 27.5°C.

The chemical composition of water was monitored during the growing period in
the experimental and control ponds with the determination of the content of nutrients,
organic matter and salt composition. No significant differences in the chemical
composition of water were recorded in the experimental ponds because they hadthe
same source of water supply (Table 1).

Table 1. Chemical analysis of water of experimental ponds during growing
season of 2018, State Enterprise Experimental Farm “Nyvka” of the Institute of
Fisheries NAAS (min—max /average)

Parameters Control Experiment 1 Experiment | Experiment | Normative

2 3 value [16]
7.3-8.3 7.6-8.1 6.9-8.0 7.1-8.3
pH 6.5-8.5
7.8 7.9 7.5 7.7
Free ammonium, NHs, 0.00-0.05  0.01-0.05  0.00-0.06  0.00-0.05
3 0.05
mgN/dm 0.025 0.03 0.03 0.025
Permanganate oxidation’ 10.6-23.9 13.2-20.1 9.8-22.4 11.1-20.8 15
mgO/dm? 17.3 16.7 16.1 16.0
Ammonium nitrogen, NH 0.03-0.64 0.02-0.51 0.03-0.60 0.01-0.52 20
4+,mgN/dm? 0.335 0.256 0.315 0.265 '
. 0.01-0.05 0.01-0.05 0.00-0.04 0.02-0.04
Nitrites, NO. mgN/dm?3 0.100
0.03 0.03 0.02 0.03
. 0.01-0.24 0.00-0.22 0.01-0.19 0.00-0.22
Nitrates, NO3", mgN/dm?3 up to 2.0

0.13 0.11 0.1 0.11
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Continuation of the table. 1

Experiment | Experiment | Experiment Norma-
Parameters Control P P P tive value
1 2 3
[16]
Mineral phosphorus, PO4%, 0.02-0.15 0.02-0.16 0.01-0.14 0.02-0.22 0.7
mgP/dm? 0.09 0.09 0.08 0.12 '
Total iron, Fe?* + Fe3*, 0.22-0.36 0.26-0.41 0.24-0.42 0.24-0.39 10
mgFe/dm? 0.29 0.34 0.33 0.32 ’
. 50.0-55.2 48.4-50.4 36.2-42.8 33.1-51.7
Calcium, Ca?*, mg/L 40-60
52.6 49.4 39.5 42.4
. 8.4-12.8 10.0-12.1 3.2-13.2 2.3-12.4
Magnesium, Mg?*, mg/dm?3 <30
10.6 11.0 8.2 7.4
Sodium + potassium, Na* + 77.6-104.8  60.2-100.2  81.1-102.1  50.4-104.0 50
K*, mg/dm> 91.2 80.2 91.6 77.2
Hydrocarbonates, HCOs., 120.0-146.5 113.4-140.2 132.1-143.4 121.0-136.8
3 300-400
mg/dm 133.3 126.8 137.8 128.9
. 71.4-163.9 55.2-159.4 60.0-147.4 112.4-156.1
Chlorides, Cl-, mg/dm3 50-70
117.7 107.3 103.7 134.3
31.4-47.3 30.2-49.0 29.6-44.2 33.0-41.4
Sulfates, SO4%, mg/dm3 50-70
39.4 39.6 36.9 37.2
2.1-3.8 2.3-4.1 2.8-3.9 2.2-3.8
Hardness, mg-eq./dm3 5-7
2.9 3.2 3.4 3.0
. o 447.1-530.4 485.0-515.6 490.6-522.7 414.8-540.0
Mineralization, mg/dm?3 1000
488.8 500.3 506.7 477.4

The pH was in the range of 6.9 — 8.3 that was an acceptable normal value for fish
ponds. Free ammonia was absent at the beginning of the season and increased to 0.06
mgN/dm® in late July, indicating an intensification of algal blooms. As for
permanganate oxidation, its increase indicates the presence of easily oxidizable organic
compounds in water. Thus, the lowest average value during the seasonwas 16.0
mgO/dm? in Experiment 3. This value was the highest in the control — 17.3 mgO/dm’.
The average value of water oxidation in all ponds generally exceeded the normal limits,
which indicates increased water pollution by organic matter.

As for the dynamics of changes in nutrients, it was found that ammonium nitrogen
and mineral phosphorus were present in all experimental and control ponds, but in small
quantities, which were acceptable for fish farming. The average seasonal index of nitrite
nitrogen ranged from 0.02 to 0.03 mgN/dm?, which did not exceed the normative
values. Nitrate nitrogen was absent or present in minimal amounts in all ponds at the
beginning of the season and increased in late July to a maximum of 0.24 mgN/dm?,
which may indicate the active development of phytoplankton in the ponds. However, its
average seasonal content ranged from 0.1 to 0.13 mgN/dm®, which did not exceed the
established standards.

The content of total iron during the season varied, ranging from 0.22 to 0.42
mgFe/dm?, which did not exceed the normative values in all ponds. Water of the
experimental ponds was characterized by almost the same average hardness, slowly
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increasing until the middle of the season (2.1-4.1 mg-eq/dm?), respectively, and the
calcium content was within the normative values with slightly lower values in
Experiment 2.

Water contamination with chlorides during cultivation was observed. On average,
their content ranged from 55.2 to 163.9 mg/dm’, which significantly exceeded the
normative values (50-70 mg/dm?).

The average seasonal sulfate concentration ranged from 36.9 to 39.6 mg/dm’ in
Experiment 2 and Experiment 1, respectively, which did not exceed the normative
values.

The total hardness and mineralization of water of the studied ponds were
characterized by the average value of acceptable concentrations and belonged to the
hydrocarbonate class according to the classification of O.0. Alekin [15].

Thus, the chemical composition of water in the experimental ponds during the
study period differed little because of having the same source of water supply.
However, there was an increased content of chlorides in the water of all ponds
throughout the season and an increase in permanganate oxidation compared to the
normative values at the end of the growing season.

After the autumn harvests of experimental and control ponds, the major fish
features were analyzed, which showed that the fish survival rate was highest in
Experiment 3 (69.1%)when fish were fed witha feed supplemented with bentonite
(Table 2). The lowest survival rate was observed in Experiment 1 (60%), where fish
were fed with a feed supplemented with saponite. The average weight of farmed carp
was 162.5 g in Experiment 1, where fish diet was supplemented with saponite, which
was 9.2% more than in Control, 166 g in Experiment 2 where fish were fed with a feed
supplemented with analzyme, which is higher than the control by 11.5%, and 141.8 g in
Experiment 3, where fish were fed with a feed supplemented with bentonite. As for the
survival rate and weight of harvested carp, the fish productivity of all experimental
ponds was higher compared to Control. Thus, fish productivity in Experiment 1 was
284 kg/ha, 320 kg/hain Experiment 2 and292 kg/ha in Experiment 3 versus 282 kg/ha in
Control that washigher by 0.7%, 13, 4% and 3.5%, respectively.

Table 2. The results of growing age-1+ carp fed with a feed supplemented with
bentonite, saponite and analcime during the growing season

Stocked Harvested Fish
. Pond pro- | Feed
Fish area quan- ave. total ield uanti ave. total duc- | costs.
groups ha tity, |weight, | weight, v % ! tc:/ ind weight, | weight, tivity, | units
ind. rg kg ! g kg kg/ha
Control 0.5 2000 25 50 642 1284 1488 191 282 64
Experi- 0.5 2000 25 50 60.0 1200 1625 195 284 6.2
ment 1
Experi- 05 2000 25 50 669 1338 166 210 320 5.7
ment 2
Experi- 05 2000 25 50 69.1 1382 141.8 19 292 62
ment 3
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As for the cost of feeds for fish production, these parameters were the highest in
the Control and amounted to 6.4 units, they were slightly lower in the experimental
groups: 6.2 unitsin Experiment 1 and 3, 5.7 unitsin Experiment 2.

Thus, when comparing the results of the obtained fish productivity, it can be noted
that its best valueswere demonstrated in Experiment 2, where fish received analcime in
their diet.

When assessing the efficiency of aquaculture enterprises, attention should be paid
to increasing profitable potential not only by increasing prices or productivity, but also
to reducing the cost of the product through targeted measures to optimize feeding or
improving the diet of fish. In this regard, the analysis of the effectiveness of the use of
minerals of natural origin in the feeding of age-1+ carp, primarily aimed at determining
the level of profitability of their introduction into the main diet.

Thus, the profit from cultivation was calculated as the difference between the
market value of the grown products and the total value of fish feed, feed additives and
fish seeds used for cultivation, as these costs are basic. Other total farm costs cannot be
divided on these experimental ponds due to their small area, so we consider them equal
in all variants, as ponds of the same area with the same amount of fish stocked for
farming were used.

The cost of feed per 1 kg of grown products was the lowest in Experiment 2, where
fish were fed with a feed supplemented with analcime — 17.9 UAH. In Experiment 1,
these costs amounted to 19.2 UAH, in Experiment 3 —18.8 UAH. In Control, this
amount was 19 UAH (Table 3).

Table 3. Economic efficiency of using feeds supplemented with saponite,
analcime and bentonite when growing age-1+ carp

Fish group | Control Experiment 1 | Experiment 2 | Experiment 3
Pond area, ha 0.5 0.5 0.5 0.5
Fish yield, kg 191 195 210 196
Feed costs*, Combined feed 3620 3620 3620 3620
UAH. Saponite - 116 - -
Analcime - - 132 -
Bentonite - - - 66
Total 3620 3736 3752 3686
Feed costs per 1 kg of obtained
product, UAH 19 19.2 17.9 18.8
Fish seed costs**, UAH 1750 1750 1750 1750
Market cost of obtained
product*** UAH 9550 9750 10500 9800
Attributable profit (based on feed
and fish seed costs), UAH /ha 4180 4264 4998 4364
Profit relative to Control,% - 2.0 16.4 4.2

Note: * — feedprice — 4 UAH/kg, saponite — 3.5 UAH/kg, aanalcime — 4.0 UAH/kg,
bentonite — 3 UAH/kg, ** — fishseedprice — 35 UAH/kg, *** — tablefishprice — 50 UAH/kg.
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The obtained conditional profit from cultivation was divided by the area of ponds
and the highest profit was obtained in Experiment 2 — 4998 UAH/ha, which was
16.4% higher than the Control. In Experiment 2 the conditional profit was 4264
UAH/ha, which was 2% more than the Control, in Experiment 3 — 4364 UAH /ha,
which was 4.2% more than the control.

The calculations showed that each of the additives added to the diet of carp had an
effect on increasing the profitability after their use. However, supplementation
withanalcimewas the most effective and promising for carp feeding.

CONCLUSION AND PERSPECTIVES OF FURTHER DEVELOPMENT

The study showed a positive effect of the supplementation of fish feed with 3%
saponite, 3% analcime and 2% bentonite on growing age-2+ carp in pond conditions on
fish survival rate, fish productivity and economic efficiency.

Hydrochemical parameters during the experiment were satisfactory, but there was
some increase in chloride concentration and permanganate oxidation during the
growing season.

When supplementing the fish feed forage-1+ carp with bentonite (Experiment 3),
the fish survival rate was the highest: 69.1% versus 64.2% in the control group. At the
same time, the highest fish productivity of ponds was in Experiment 2 when
supplementing the feed with analcime that exceeded the values of Experiment 1 and
Experiment 3 by 12.7 and 9.9%, respectively. Compared to the Control, fish
productivity in this experimental pond was higher by 13.4%, which indicates the
advisability of using analcime in carp feeding.

Use ofsaponite, analcime and bentonite in the feeding of age-1+ carp, the profit in
creased by 2, 16.4, and 4.2%, respectively, compared to the control group.

Thus, summarizing the results of the experiment, the most promising among the
studied additives may be the use of 3% analcime in a balanced feed in the feeding of
age-1+ carp during the growing season that allows increasing overall fish productivity
of ponds, reducing feed costs and gaining additional profits.
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