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Abstract. Humic preparations are used as microfertilisers in crop production and growth stimulants
in animal husbandry, in aquaculture there is a positive effect of these compounds on individual
objects of cultivation, but their use in fish farming has not yet been understudied. The purpose of
the work was to present the results of an experiment to evaluate the effect of fodder additive humates
on the growth rate and survival of different age groups of sterlet (Acipenser ruthenus L., 1758) and
the conversion of fodder by fish in aquaculture. A series of experiments were conducted on feeding
sterlet with fodder with the addition of sodium humate. The research was conducted in 2018, 2020
and 2021 in the production conditions of the cage fish farm located at the Kaniv reservoir. The effect
of various concentrations of sodium humate fodder additive on yearling and two-year-old sterlet was
evaluated. Sodium humate was applied to the fodder for the respective groups of sterlet by spraying its
aqueous solution in defined proportions with subsequent drying. It was established that the addition
of sodium humate to fish fodder at concentrations of 60, 100, 120 and 200 mg/kg of fodder did not
significantly affect the growth rate of sterlet. Thus, the advantage of the experimental variants over
the control for this indicator was insignificant, within 1.0-1.6%. No effect of sodium humate on the
survival of sterlet juveniles reared in cages was established. Therewith, the conversion of fodder with
the addition of humates by juvenile and two-year-old sterlet was better by 6.7-17.4%. According to
the experimental results, the best result was obtained in the variant using fodder additive humates at
a concentration of 200 mg/kg of fodder. Based on the results of the research, it was established that
in aquaculture conditions it is advisable to use sodium humate as a fodder additive for yearlings and
two-year-old sterlet, designed to increase fodder conversion
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Relevance

Improving the fish fodder formula is one of the
most effective ways to increase the profitabil-
ity of commercial fish farming. The main pur-
pose that the researchers set themselves is to
achieve a reduction in fodder costs per unit of
marketable products both in quantitative and
in value terms.

To improve the productive properties of
artificial fodder, additives of biologically active
substances are frequently used, which, with
a slight increase in the cost of fodder, signifi-
cantly improve its conversion. Such substances
include easily soluble salts of humic acids - hu-
mates. These substances have the properties
of immunostimulants, probiotics, toxin ad-
sorbers, and digestive and growth stimulants
(Horovaya et al, 1995). According to Kovalenko
& Polishhuk (2018), the effect of humates on
fish, under the conditions of their cultivation in
different aquaculture systems, has not yet been
understudied, which determines the relevance
of conducting appropriate research on various
fish farming facilities, in particular on sturgeon.

Analysis of Recent Studies and
Publications

The interest in the search for fodder additives
with biologically active properties that can
improve the conversion of artificial fodder for
farm animals has existed for a long time. fodder
additives of different origins, both made from
natural raw materials and synthetic, are widely
used (Polishhuk & Bulavkina, 2010). An essen-
tial place among the latter is occupied by hu-
mates — water-soluble salts of humic and fulvic
acids (Popov, 2004).

Humates are mainly used in crop produc-
tion as growth stimulants and microfertil-
isers (Luchnyk et al.; Semenyuk et al., 2016).

Significant positive experience has been accumu-
lated in using these substances as micro-additives
in animal and poultry fodder (Druzhynyna, 2002;
Islam, 2005; Bezuhlova & Zynchenko, 2016),
including for the treatment and prevention of
diseases (Stepchenko & Hryban, 1997; Belyaev
etal.,2012; Hrybanova & Karymova, 2015).

Information on using humates in aquacul-
ture is limited and fragmentary. Thus, it is known
about the positive effect of fodder supplemen-
tation of humic substances on the fish farming
performance of channel catfish (Neronin et al.,
1990), carp (Abdel-Wahab, El-Refaee & Ammar,
2012) and tilapia (Ahmed El-Ashram & Maaly
Mohammed, 2012). There is no information on
using humates in the sturgeon fodder.

The first investigation of the effect of hu-
mates on the growth rate and survival of sterlet
(Acipenser ruthenus Linnaeus), a valuable object
of commercial sturgeon farming, was conducted
in 2017 (Kovalenko & Polishhuk, 2018). It was
established that feeding fodder with the addi-
tion of humates to three-year-old sterlet, us-
ing the cage method of rearing this fish, had a
positive effect on fish breeding performance.
Thus, the average daily weight gain of fish in the
experimental variant with the addition of hu-
mates in the amount of 30 mg/kg of fish fodder
was 0.695 g/day, and in the control - 0.59 g/day.
The survival rate of fish during the experiment
in experimental cages was 92.7%, and in con-
trol cages — 82.5%. The obtained result of the
experiment was the foundation for continuing
research in this area.

The Purpose of the Research

The purpose of the research was to investigate
the effect of different concentrations of humate
additives in fish fodder on sterlets of different
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ages when grown in the production conditions
of cage fish farming.

The object of research — the fish-breeding
effect of adding sodium humate to fish fodder.

The subject of the research — growth and
survival rates of various age groups of sterlet,
the efficiency of conversion of fish fodder with
the addition of sodium humate.

Objectives of the research:

- to test the effect of feed additive sodi-
um humate at different concentrations on the
growth rate and survival of sterlet juveniles,
and on the efficiency of fodder use;

- to collect biological material for laborato-
ry tests on the content of heavy metals in fish.

Materials and Methods of Research

The research was conducted in 2018, 2020 and
2021 at the production facility of the private
fish farm of industrial type “Research and Pro-
duction Agricultural Enterprise” Bester””. The
gardens of the enterprise are located in the

waters of the Kaniv reservoir, in the coastal
zone near the village of Trypillya, Obukhov dis-
trict, Kyiv region.

The material for the research was this yearling
(in 2018 and 2020) and two-year-old sterlet (2021),
for their cultivation in fish cages with intensive
feeding with the product feed “INICIO 917" of the
Danish company BioMar, one of the world leaders
in fodder production in the field of aquaculture.

The source of sodium humate - the drug
“Reasil Humic Health” in powder form, pro-
duced by the international company UAB “Life
Force Baltic” (Lithuania). The content of humic
compounds in dry matter — not less than 80%.
The product corresponds to the generally ac-
cepted requirements for bacteriological indica-
tors and sanitary and hygienic standards for the
permissible content of radionuclides and heavy
metals (Feed material Reasil® Humic Health,
2021). The research was conducted using differ-
ent concentrations of sodium humate additive
to fodder according to the scheme (Table 1).

Table 1. The scheme of research

Concentration of sodium humate in fish fodder, mg/kg

Year Age %TS(L“P of : .
Control Experiment 1 Experiment 2

2018 Yearlings 0 60 120

2020 Yearlings 0 100 200

2021 Two-year-olds 0 200* -

Notes: * - one pilot variant was established in 2021

The research was performed with double
replication. For each variant of the experiment,
2 specifically made rectangular frame cages
with side dimensions of 1x1x1 m and a mesh
size of 5 mm were allocated.

The planting density of the experimen-
tal material in all orchards was the same and
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generally corresponded to the technological re-
quirements (Sudakova et al., 2006).

The preparation of sodium humate in the
form of an aqueous solution was applied to the
fodder in the required proportion using a house-
hold sprayer, after which the fodder was dried be-
fore feeding to the fish. To balance the conditions
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of the experiment, the fish fodder in the con-
trol variant was sprinkled with distilled water.

Fish feeding was performed with the fre-
quency and according to the provisions pro-
posed by BioMar, based on the actual weight
of sterlet in the cages, obtained from the data
of periodic control catches and the schedule of
planned fish growth.

The duration of the research period, ex-
cluding landing and fishing days, was: 70 days
in 2018 (from July 27 to October 4), 90 days in
2020 (from August 2 to October 30) and 35 days
in 2021 (from September 15 to October 20).

Fish growth was monitored during control
catches, every 8-10 days. All fish from each cage
were inspected, counted and weighed.

Assessment of the growth rate and survival
of fish and fodder conversion efficiency was

performed according to the methods generally
accepted in fish farming. Thus, the growth
rate was determined by the values of average
absolute and relative body weight gain and
specific growth rate (Shherbyna & Hamihyn,
2006), and survival rate — by the percentage
of fish that survived to the end of the exper-
iment among the planted ones (Marcenyuk &
Marcenyuk, 2020).

The fodder conversion efficiency was esti-
mated by the feed coefficient, which was defined
as the ratio of the amount of consumed fodder
to the body weight gain of fish (Marcenyuk &
Marcenyuk, 2020).

Research results

The evaluation indicators of the experiment con-
ducted in 2018 are presented in the table (Table 2).

Table 2. Results of research conducted in 2018

Experiment variant

Indicators Control Experiment 1 Experiment 2
cage 1 cage2 cage3 cage4 cage 5 cage6
50 50 50 50 50 50
units
total 100 total 100 total 100
Small fry planted
13.3 12.3 13.2 12.6 11.8 11.2

average weight, g/units

average 12.8

average 12.9 average 11.5

48 49 47 49 49 47

units

total 97 total 96 total 96
Caught yearlings
80.2 56.5 89.4 57.1 63.3 60.6
average weight, g/units

average 68.4 average 73.3 average 62.0
66.9 44.2 76.2 44.5 51.5 49.4

Absolute growth, g/units
average 55.6 average 60.4 average 50.5

143.10 128.49  148.54  127.69 137.15  137.60

Relative growth, %

average 135.79

average 138.11 average 137.37

2.04

1.84 2.12 1.82 1.96 1.97

Specific growth rate, %

average 1.94

average 1.97 average 1.96
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Table 2. Continued

Experiment variant

Indicators Control Experiment 1 Experiment 2
cage 1 cage2 cage3 cage4 cage 5 cage6
96.00 98.00 94.00 98.00 98.00  94.00
Fish survival, %
average 97.00 average 96.00 average 96.00
0.99 1.11 0.87 1.12 1.03 1.06

Fodder coefficient

average 1.04

average 0.97 average 1.04

As evident from the table, in terms of rela-
tive body weight gain, the best result (138.11%)
was obtained in experimental variant 1, the av-
erage (137.37%) — in experimental variant 2, the
worst (135.79%) — in the control group. Experi-
mental variant 1 was the best in terms of abso-
lute body weight gain and specific growth rate
(60.4 g/unit and 1.97%, respectively), the con-
trol variant had the second result (55.6 g/unit)
in terms of growth and the third - in terms of
specific growth rate (1.94%). Experimental var-
iant 2 is the second in terms of specific growth
rate (1.96%) and the third in terms of absolute
growth (50.5 g/unit). In general, the advantage
of the experimental variants over the control in
terms of growth rate was insignificant and was
in the range of 1.2-1.7%.

Thus, there is a close correlation between
the starting weight of fry and the absolute
weight gain of sterlet yearlings. A significantly
smaller difference in the values of relative
growth and specific growth rate of fish be-
tween experimental variants 1 and 2 than be-
tween the control and each of the experimen-
tal variants can be perceived as an additional
confirmation of the positive effect of sodium
humate fodder additive on fish. According to
the survival rate of sterlet from fry to juveniles,

Animal Science and Food Technology. 2021. Vol. 12, No. 4

there was no significant advantage of any var-
iant of the experiment, as the absolute differ-
ence between the control and experimental
variants in the number of fish at the end of the
experiment was only 1 fish.

The best result of fodder conversion was
recorded in experimental variant 1, with an av-
erage value of fodder coefficient of 0.97. In the
variants, Experiment 2 and Control the same
values of this indicator were obtained (1.04).

Based on the analysis of the results of the
experiment conducted in 2018, it can be con-
cluded that the addition of sodium humate at
the rate of 60 mg per 1 kg of fish fodder had a
positive effect on the growth of yearling sterlet
and the efficiency of their use of fodder.

In 2020, a repeated experiment was con-
ducted on yearling sterlet to assess the effect
of the fodder additive sodium humate on the
growth and survival of fish and their absorption
of fodder. The number of fish in each variant of
the experiment doubled compared to the previ-
ous year. In addition, the concentration of sodi-
um humate in the fodder for the experimental
variants was increased: in Experiment 1 — up to
100 and in Experiment 2 — up to 200 mg/kg of
fodder. The results of the experiment are pre-
sented in Table 3.
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Table 3. Results of research conducted in 2020

Experiment variant

Indicators Control Experiment 1 Experiment 2
cage 1 cage 2 cage 3 cage 4 cage 5 cage 6
100 100 100 100 100 100
units
Small fry total 200 total 200 total 200
lanted
p average 15.2 23.3 17.5 24.5 29.4 21.3

weight, g/units average 19.3

average 21.0 average 25.4

99 99

100 100 100 100

units

Caught total 198

total 200 total 200

earlings
4 & average 96.3

123.1

129.2 124.2 155.2 121.4

weight, g/units average 109.8

average 126.7 average 138.4

81.1

99.8

111.7 99.7 123.8 100.1

Absolute growth, g/units
average 90.5

average 105.7 average 112.0

143.48

134.98

152.28 132.76 143.74 140.30

Relative growth, %

average 140.24

average 142.52 average 142.02

1.59

1.50

1.69 1.48 1.60 1.56

Specific growth rate, %
average 1.55

average 1.59 average 1.58

99.00

99.00

100.00 100.00 100.00 100.00

Fish survival, %
average 99.0

average 100.00 average 100.00

1.39

1.24

0.93 1.50 1.15 1.02

Fodder coefficient
average 1.32

average 1.22 average 1.09

As the table demonstrates, in terms of rel-
ative body weight gain, experimental variants
1 and 2 demonstrated almost the same result
(142.52% and 142.02%, respectively), which was
higher than in the control (140.24%). The values
of absolute body weight gain were higher in ex-
perimental variants 1 and 2, which was largely
influenced by the superiority of these variants
over the control planting material: 15.2 and
21.5 g, or 16.7 and 23.8%, respectively). How-
ever, in terms of relative growth and specific
growth rate, which consider the difference in
the starting weight of fish, the advantage of

experimental variants over the control was not
that evident. Thus, the best results in terms of
relative growth and specific growth rate in ex-
perimental variants 1 and 2 (142.52 and 1.59%
and 142.02 and 1.58%, respectively) were only
1.3 and 1.6% higher than the corresponding fig-
ures in the control variant.

The survival of sterlet from fry to yearlings
in the 2020 experiment was at a high level: from
99% in the control to 100% in both experimen-
tal variants. These indicators were significantly
higher than the regulatory values (70-80%), due
to the high level of the technological process

Animal Science and Food Technology. 2021. Vol. 12, No. 4
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at the base fishery. A slight advantage for this
indicator in the experimental variants over the
control (only 1% or 1 fish per cage) does not
give grounds for a conclusion about the pres-
ence of a positive effect of sodium humate on
the survival of sterlet yearling in the first year
of rearing under cage conditions.

The most effective use of artificial fodder
by fish in terms of fodder coefficient was re-
corded in experimental variant 2 (1.09), the
second result was observed in experimental
variant 1 (1.22), and the third - in the control
(1.32). The advantage of experimental variants
1 and 2 over the control for this indicator was
7.6 and 17.4%, respectively.

Thus, according to the results of the exper-
iment conducted in 2020, it can be concluded
that the addition of sodium humate in concen-
trations of 100 and 200 mg per 1 kg of fish fod-
der had a slight positive effect on the growth

of sterlet yearlings, but contributed to a much
better fodder conversion.

The main objective of the experiment con-
ducted in 2021 was to collect experimental ma-
terial to assess by laboratory methods the pro-
tectionist effect of humates on protecting the
fish organism from the accumulation of heavy
metals in the second year of commercial ster-
let rearing, to prevent fish diseases and ensure
food safety of fish products. Therefore, and con-
sidering the fact that simultaneously research
was started to assess the impact of humates
on sterlet yearlings during their cultivation in
a closed recirculating aquaculture system, the
cage experiment was conducted in two vari-
ants: experimental (200 mg of sodium humate
per 1 kg of fodder) and control. The duration of
the experiment was significantly reduced com-
pared to previous years of research. The results
of the experiment are presented in Table 4.

Table 4. Results of research conducted in 2021

Experiment variant

Indicators Control Experiment
cage 1 cage 2 cage 3 cage 4
40 40 40 40
units
total 80 total 80
Planted annuals
53.7 54.5 53.8 54.0

average weight, g/units

average 54.1 average 53.9

36 32 34 35

units

total 68 total 69

Two-year-olds caught

106.3 115.0 109.0 112.2

average weight, g/units

average 110.4 average 110.6

52.6 60.5 55.2 58.2

Absolute growth, g/units

average 56.3 average 56.7

65.75 71.39 67.81 70.04

Relative growth, %

average 68.57 average 68.93
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Table 4. Continued

Experiment variant

Indicators Control Experiment
cage 1 cage 2 cage 3 cage 4
1.46 1.59 1.51 1.56

Specific growth rate, %

average 1.53 average 1.54

90.00 80.00 85.00 87.50

Fish survival, %

average 85.00 average 86.26

1.55 1.711 1.49 1.45

Fodder coefficient

average 1.63 average 1.47

As the table demonstrates, the experimen-
tal and control variants almost did not vary
in terms of body weight gain and growth rate
of fish. A slight advantage in these indicators
(within 0.5-1.0%) was demonstrated by the ex-
perimental variant.

The survival rate of sterlet from yearlings
to two-year-olds had no significant differences
in the variants of the experiment and, in gen-
eral, was slightly lower than the technological
standard (90%). The latter can be explained by
the abnormally intense and long-term devel-
opment and death of planktonic algae (the so-
called “water bloom”) in the Dnipro reservoirs
during August-October this year, which caused
a significant deterioration in the living con-
ditions of aquatic organisms by reducing the
oxygen concentration in the water below the
optimum level and a high risk of fish poisoning
by decay products of algae (particularly blue-
green algae).

The values of the fodder coefficient for the
variants of the experiment were significantly
higher than those recommended by the fod-
der manufacturer (1.1-1.2): experiment — 1.43,
control — 1.67. Presumably, this was caused by
the above-mentioned “water bloom”, which
resulted in the deterioration of the quality pa-
rameters of the aquatic environment for fish,

in particular — to reduce the concentration of
oxygen dissolved in water. But, even under un-
favourable growing conditions, the addition of
sodium humate to fish fodder had a positive ef-
fect: using the fodder by fish in the experimen-
tal variant was 10.9% more effective than the
control one.

After completion of the experiment, fish
material was selected for testing for heavy met-
als and transferred to a certified laboratory for
ecological and toxicological research.

Conclusions and Perspectives

According to the results of the research, the fol-
lowing was identified:

1. Using humates as a fodder additive is
rather common in livestock farming. However,
the influence of humates on the growth rate
and survival of fish farming objects, in particu-
lar sturgeon, has been understudied.

2. The addition of sodium humate to fish
fodder at a concentration of 60, 100, 120 and
200 mg/kg of fodder did not significantly affect
the growth rate of sterlet yearlings in the cage
method of rearing. The advantage of the exper-
imental variants over the control for this indi-
cator was within 1.0-1.6%.

3. There was no significant effect of fod-
der additive humates on the survival of sterlet
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yearlings during their cultivation in experi-
mental cages of a production enterprise with a
high level of technological support of the pro-
duction process.

4. The conversion of fish fodder with the
addition of sodium humate was noted to be bet-
ter by 6.7-17.4% when feeding to yearlings and
two-year-old sterlet.

5. According to the results of the experi-
ments, the greatest level of positive impact on
the results of sterlet rearing in cages had to

feed fish with the addition of humates at a con-
centration of 200 mg/kg of fodder.

6. It is considered promising to explore
the effect of fodder additives of humates
on the growth and survival of valuable fish
farming objects under different conditions
of keeping, in particular — in closed recircu-
lating aquaculture systems, and to continue
the search for the optimal concentration of
these additives in fish fodder for different age
groups of fish.
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JlocJriizkeHHA BITMBY KOPMOBOI JOOABKH ryMaTy HaTpilo Ha CTepJsighb 3a
CaJIKOBOT0 CII0CO0Y BUPOIILyBaHHS

Hapis BanepiiBna ITomnimyk, Borgan I0piiioBuu KoBanenko, Hagis IitiBHa BoBK,
Ipuna CepriiBHa KonoHnenko, Bacuib Onekcanaposnu KoBaseHKO

HarionanbHuii yHiBepcuTeT 6iopecypciB i mpupomsoKopucTyBaHHS YKpainu
03041, Bysn. TepoiB O6oponu, 15, M. Kuis, YkpaiHna

AHoranig. T'ymiHOBi mpemapaTyi BMKOPUCTOBYIOTb, SIK MiKpOmoOpMBa Yy POCIMHHMUIITBI i
CTUMYJIITOPY POCTY Y TBAPMHHUIITBI, B aKBAKYJIbTYPi TAKOX iCHY€E MO3UTUBHA [Iisl IIUX CIIOIYK Ha
OKpeMi 06’€KTU KyJbTMBYBaHHS, ajie iX 3aCTOCYBaHHS 3a BUPOIIYBAaHHS PUOU Ie HEJOCTAaTHbO
BMUBUEHe. MeTOr0 PO6OTH 6Y/I0 BUCBITIUTU PE3YIBTATH €KCIIEPVMEHTY 3 OLIiHKYM BIUIMBY KOPMOBOL
m06aBKyM TyMaTiB Ha IIBMUIKICTb POCTY i BUSKMBAHICTh Pi3HMX BiKOBUX Tpym cTepisifi (Acipenser
ruthenus L., 1758) Ta KoHBepciio KopMy pubOI0 32 YTPMMAHHSI B YMOBax akBaKy/IbTypu. Byno
MIPOBEJIEHO Cepil0 eKCIIEpUMMEHTIB 3 TOMiB/Ii CTep/sii KopMaMyu 3 J00ABKOI TymMaTy HaTpilo.
Hocrimkenus mpoxoamnu y 2018, 2020 i 2021 pp. y BUpOGHMYMX YMOBaX CaJJKOBOTO PUOHMUIILKOTO
rocrnojapcTsa, po3TamioBaHoro Ha KaHiBCbKOMY BoAOCXOBMIli. By/lo OliiHEHO BIUIMB Pi3HUX
KOHIIEHTpaIlili KOpMOBOi J06GAaBKYM I'ymMaTy HaTpil0 Ha I[OTOMITKIB i JBOMITKIB cTepasai. I'ymar
HaTPil0 HAHOCWIM Ha KOMOGIKOpM /ISl BiATIOBiMHMX TPYIT CTEPJISAI IIIJITXOM PO3MIIIOBAHHS 110TO
BOAHOTO PO3YMHY Y BM3HAUEHUX ITPOIOPIISX 3 MOAAJbIIMM BUCYIIYBaHHSIM. BCTaHOBJIEHO, 1O
JIOMaBaHHS IyMaTy HaTpilo [0 pMOHOro KOM6iKopMy B KOHIeHTpalisx 60, 100, 120 i 200 mr/kr
KOpPMY CYTT€BO He BIUIMHY/IO Ha IIBUAKICTh pOCTy cTepssi. Tak, mepeBara IOCTiZHUX BapiaHTiB
HaJ KOHTPOJIBHMM 3a LM [OKa3HMKOM Oy/ia He3HauyHOoIo, B Mexax 1,0-1,6 %. He BcTaHOBIEHO
BIUIMBY I'yMaTy HaTPil0 Ha BMOKMBAHICTb IIbOTOTITKIB CTEPJISIAi, 3a iX BUPOILyBaHHS B cafgkax. Pasom
i3 TMM, BimMiueHo Kpaily Ha 6,7-17,4 % KOHBepcilo KOpMiB 3 JOOABKOIO I'yMAaTiB IbOTOMiTKAMU
i mBomiTKaMM crepnsni. 3a pesyiabTaTaMy €KCIIEPMMEHTIB HaKpalluii pesyabTaT OTPUMMAHO Y
BapiaHTi 3 BUKOPUCTAaHHSIM KOPMOBOi J06aBKM I'yMaTiB y KOHIeHTpatii 200 Mr/Kr Kopmy. Buxomstun
3 pe3y/bTaTiB JOCTiIKeHb, BCTAHOBJIEHO, 1[0 B YMOBAX aKBaKy/IbTYPU IOLIBHO BUKOPUCTAHHS
rymaTy HaTpilo, Ik KOpMOBOi J06GABKM AJIsl I[bOTOMITOK i IBOMITOK CTepssifi, Ipu3HaueHoi Jjist
MiABUIIEHHS KOHBEPCii Kopmy

KimrouoBi cioBa: 6iofOriuHO akTMBHI peYOBMHM, PUOHMIITBO, OCETPOBiI pMOM, BUKMUBAHICTD,
HMIBUAKICTh POCTY, KOHBEPCist KOpMY
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