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1 BopOHEXCKHIi roCcy1apCTBEHHBIH YHUBEPCUTET HHXKCHEPHBIX TEXHOJIOTHH, Ip-T PeBomonuu, 19, r. Boporex, 394036, Poccus
AnHoTtanus. CHIDKEHHE BBUIOBA IEHHBIX BUJOB DPBI0 M3 €CTECTBEHHBIX BOJOEMOB KOMIEHCHPYETCS HX HHTCHCHBHBIM BBIDAIMBAHHEM B
HCKYCCTBEHHBIX YCIOBHsX. s peau3auy OCHOBHOM 3aa4un opeeBbIX X03sHCTB, CBA3aHHOM C IOIyYeHHEM TOBAPHOM NPOIYKIMHU B KpaTyaiiime
CPOKH, B KA4€CTBE MCTOYHUKA MUTAHUS HCHIOJIB3YIOTCS HCKYCCTBEHHbBIE KOPMa. DKOHOMHYECKH L[eIeCO00Pa3HbIM albTCPHATHBHBIM HCTOYHUKOM CHIPbS
SIBISIOTCSL TIPOAYKTHI PACTUTEIBHOTO IPOUCXOXKACHHSA. B mpouecce mpoM3BOACTBA MACIOKMPOBOH NMPOAYKIMM HA PasHBIX CTAAMsIX 00OpasyroTcs
MHOTOYHCIICHHBIE XKUPOBBIE OTXO/IBI H IOOOYHBIE IPOTYKTHI, KOTOPbIE HMEIOT KOPMOBYIO IEHHOCTD U HE HCIOJIB3YIOTCS B KaUeCTBE KOPMOBBIX CPEICTB
B IPOMBIIUICHHBIX MaciuTabax. OcOOEHHO 3TO KacaeTcsi OTXOJO0B NepepabOTKH )KUPOB (MBUIOHA(T CBETIIOrO Macna, )KUPOOTOEIUBAIOIINE [TIMHBI,
J1€30JOpHPYIOLINE HOTrOHBI, (hochaTH b, KAIbIUEBbIE CONU KUPHBIX KHCIIOT), 8 TAKKe OTPAO0OTAHHBIX Macel B COYCTAHUH C OTXOJaMH HepepaboTKH
xupoB. Ha ocHOBe M3ydeHUs KIIACCHYECKOH TEXHOIOTMM MPOM3BOACTBA KOMOMKOPMOB JUIS LICHHBIX BHJOB PbIO M YCTPaHECHHS €€ HEIOCTATKOB
MPEATIOKEHA TEXHOJIOTHS ICEBIOKAINCYINPOBAHHBIX KOMOMKOPMOB I JIOCOCEBBIX pPbIO, BhIpammBaeMmblx B L[PO P®, ¢ 3agaHHON KOpPMOBOI
LICHHOCTBIO M JIMHUS JUIS ee peann3anuy. Hammydmmm crioco6oM TOCTaBKHY KHUPOB H COJEPIKAIINXCS B HUX BUTAMHUHOB [IGHHBIM BHJIaM PHIO SIBISETCS
CKapMJIBAaHUE UX B COCTaBE KOMOMKOPMOB. OIHAKO B HACTOSIIEE BPEMs HA CYLIECTBYIOINX B POCCHH JIMHUSX TOCTAaBKH )KUPOB B KOMOUKOPMa TPYAHO
MOBBICUTh HMX COJIEp)KaHHE, TaK KaK OOJBIIMHCTBO 3aBOJOB MOTYT BKIIOYaTh B KoMOHKOpM 10 10 % sxupa. ITostomy paszpaboTka peuentyp u
TEXHOJIOTHI CMEIIMBAaHHUs KOPMOB JUISl LIEHHBIX ITOPOJ] PHIO ¢ cozeprkaHueM skupa 6oiee 10 % B kauecTBe J00aBKU KUPOCOAEPIKAINX OTXOJOB, TAKHUX
Kak TMOroHsl u (ocdarsl, mpeacTaBiIsier He TOIBKO HAaydHBIl MHTepec. B xoxe ucciemoBaHmii Takke ObUIM pa3pabOTaHBl ONTUMH3HPYOIIHE
MHKAICYIUPOBaHHbIE ONTHMAaIbHbIe kKopMa it nporpammsl "Kopm Ontuma Dkcniept” Taxke pa3paboTaHbI IICEBJOKAIICYIHPOBAHHbIE ONTHMAIBHBIE
KOMOMKOpMa [UIsl pamyxHoil dopenu. B pesynpraTe moiydeHs! OJIM3KHE Pe3yNbTATHI II0 CKOPOCTU pocTa (openH, pa3BUTHIO, KOHBEPCUH KOpMa H
BBDKHBAEMOCTH B CPABHEHUH C JYYIIMMH Ha POCCHICKOM PhIHKE aHAJIOraMu KOpMa.
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Abstract. The decrease in catch of valuable fish species from natural water bodies is compensated by their intensive cultivation in artificial conditions.
In order to realize the main task of trout farms associated with obtaining marketable products in the shortest possible period of time, artificial feed is
used as a source of food. A economically feasible alternative source of raw materials is the products of plant origin. In the process of production of oil
and fat products at various stages, numerous fat wastes and by-products are formed, wich have fodder value and are not used as feeding facilities in
industrial scale. This is especially frue for fat processing (soapstock of Light oil, fatty bleaching clays, dezodoration chases, phosphatides, calcium salts
of fatty acids), as well as waste oils in combination with fat processing waste. On the base of studying the classical technology of producing mixed
fodders for valuable fish species and eliminating its drawbacks the technology of pseudocapsulated mixed fodders for salmon fish grown in the CFD of
Russia Federation with given fodder value and a line for its realization is suggested. The best way to bring fats and vitamins contained in them to
valuable fish species is to feed them as a part of mixed fodders. At present, however, it is difficult to increase the level of fat in feed on the existing
Russian fats supply lines, since most plants can include up to 10% of fat in the bulk feed line. Therefore, the development of mixing formulations and
techniques for valuable fish breeds using sturgeon fish with more than 10% fat in it as an addition of fat oily wastes such as epaulettes and phosphates
is not only of scientific interest. In the course of studies optimization encapsulated optimal feeds for program "Feed Optima Expert" pseudorainbow
trout were also developed. As a result, close results were obtained in terms of the rate of growth of trout, the development, conversion of feed and
viability in comparison with the best feed counterparts on the Russian market.
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Introduction

At present time in the production of complete
mixed fodders for valuable fish species it is necessary
to produce pellets fodder raw materials processing,
according to modern technologies of with replace-
ment of a part of expensive fish meal, with protein
components of other scarce and origin. Therefore,
fish producers refuse long-standing partners who pro-
duce mixed fodder for fish in pelleted form. They are
forced to buy mixed fodder, where the methods
of extrusion and pseudocapsulation are used [1, 7].

Mixtures for valuable fish breeds produced
by the classical technology of simple mixing of
components have significant disadvantages: loss of
biological active substances due to dust, oxidation
of vitamins and destruction of a number of trace el-
ements, exposed to the environment. But the main
thing is the stratification of components into frac-
tions during shipment and transportation (self-sort-
ing of the feed when moving by various transport
mechanisms or during transport) and traceability
during storage, limiting the processed product
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by the amount of fat, short storage times as well as
a narrow range of products [4, 5, 7].

Methods of extrusion and pseudocapsulation
are of interest primarily in the production of mixed
fodders for fish, since the long-term presence of
feed in water imposes special requirements for its
quality [6, 9, 10].

The known disadvantages of classical tech-
nology are taken into account in the advanced tech-
nology for the production of pseudo-capsuled feeds
of a given feed value, allowing to increase techno-
logical capabilities, to expand the range of pro-
duced feeds of improved quality, t. e. Production of
a finished product enriched with fats and vitamins,
adapted for different species of salmon fish. Also,
due to the fact that the pseudocapsulated mixed
fodder is less in contact with moisture and oxygen
in the air, it does not oxidize and decompose
longer, which increases the storability of pseudo-
capsulated fodder [1, 3, 8, 11-17].

We propose a production line of pseudocap-
sulated mixed fodder for valuable fish species,
which works as follows (Figure 1) [2].

'—/ .-‘\J
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Figure 1. Production line of pseudocapsuled feedstock for valuable fish breeds: 1 — hopper for pulses, 2 — hopper for
protein and mineral supplements, premix, chalk, 3 — hopper for oil stock, 4 — hopper for oil and oil waste, 5,6 — hoppers
for vegetable oils, 7,8 — hoppers for mineral raw materials, 9 — hopper for waste, 10, 11 — rotary batchers, 12 — nozzles,
13 — crusher, 14 — mixer, 15 — tank for mixing fat and oil materials, 16 — extruder-oil separator, 17-extruder, 18 — fat and
oil components coating machine, 19 —scales, 20 — crusher, 21 — disc granulator, 22 —belt dryer, 23 —filling and packaging

machine, 24 — heater, 25 — fan
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Initial pulse raw materials and protein and
vitamin additives, premixes, chalk, oily raw mate-
rial of a given fractional composition with initial
moisture of 10-14%, stored in bunkers 1, 2, 3 are
supplied by rotary batchers10 come to crusher 13,
and oil raw material into working chamber of ex-
truder-oil separator 16. Pressed vegetable oil enters
the hoppers for vegetable oil 5, 6. The cake is sent
to the crusher 13 and further crushed grain pulses
raw material, protein and vitamin additives, pre-
mixes, chalk, cake gets into the mixer 14 and then the
product enters the working chamber of the ex-
truder 17. The actuator is switched on and the rotating
extruder 17 screw begins to capture and move the
product, which passes in series through the loading,
mixing, homogenizing and dosing zones.

The need to squeeze fat-containing compo-
nents from various oil-bearing raw materials (soy-
beans, rape, sorghum and other) and their subse-
guent application to the surface of extruded
granules is due to the fact that for the extrusion pro-
cess to proceed normally, the fat content of the orig-
inal oilseed must not exceed 6% [6]. Otherwise, the
dissipation effect, that is, the conversion of mechan-
ical energy into thermal energy due to friction
forces, and the grain raw material is not inflated.

Vegetable oil and fat industry waste are fed
into the fat and oil mixer 15 parallel to the shaft
axis, the resulting mixture is radially ejected by the
mixer and is intensively mixed with the emulsifier
(grinding fat balls) effect.

Extruded raw material from extruder 17 is
fed into and oil components coating machine 18
with nozzles 12 to apply the fat and oil components
from tank for mixing fat and oil materials 15 and
further to disc granulator 21, where weighed on
scales 19 crusher on crushed 20 minerals raw ma-
terials (zeolite, bentonite, limestone) stored in hop-
pers 7, 8, in which the granules are coated with oil
and fat components coming from fat and oil com-
ponents coating machine 18 with nozzles 12
mounted inside it for the application of oil and fat
components are treated with minerals. Due to good
adhesion (surface adhesion forces) mineral raw
materials are applied evenly to the surface of the
granules. Pseudocapsulated mixed fodder are less
in contact with moisture and oxygen contained in
the air, which means that they are not oxidized and
do not decay any longer, thus increasing the stored
capacity of pseudocapsular mixed fodder. This al-
lows you to keep the full vitamins, micro and mac-
ronutrients required for the fish are sent to the belt
dryer 22, where the air and waste is sent to the
waste bunker 9, the product is sent to the filling and
packaging machine 23.

The disc granulator 21 for applying a min-
eral mixture is in the form of an inclined rotating
drum. Discharge part of the disc granulator 22
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is designed to be perforated for dripping and sub-
sequent removal of the small (through) part of the
granules into a confuser, as well as the excess
amount of the mixture of mineral raw materials and
waste oil and fut and vegetable oil. The loading
funnel of the disc granulator is also supplied with
extruded granules with oil and fat industry waste
and mineral mixture applied to the surface thereof.

The original air is heated by a 24 to 60 °C
calorifer and the fan 25 is pumped into the oil fat
industry waste storage bunkers 4 and vegetable oil
storage bunkers 5, 6 for the plasticity of waste oil
and vegetable oil. Then air with a temperature of
50 °C enters the tank for mixing fat and oil materi-
als 15, from it with an air temperature of 40 °C to
the extruder-oil separator 16 and then air with a
temperature of 30 °C enters the belt dryer for dry-
ing the pseudocapsuled mixed fodder. Then the air
with a waste with temperature of 35 °C is directed
to the hopper for waste 9, where after the deposi-
tion of the suspended particles of the waste air with
atemperature of 20 °C again enters the calorifer 24,
thus creating a closed cycle.

Before a pseudocapsule enters the digestive
system, its contents are less in contact with the
moisture and oxygen contained in the air, which
means that they are not oxidized and do not decay
any longer. This ensures that the vitamins, micro
and macro elements necessary to unlock the genetic
potential of the herd are retained.

The choice of the optimal shell material in
the development of this technology was considered
mineral raw materials for use as a shell: limestone,
bentonite or zeolite [2].

For example, we developed a pseudocap-
suled optimal mix from the following ratio of com-
ponents for the trout age group (from 100 grams to
250 grams or more), mass% (table 1).

Methods

To compose pseudo-encapsulated optimal
mixed fodder for salmon fish from available raw
materials of plant and animal origin, by the example
of rainbow trout, the optimization program "Feed
Optima Expert" was used, which provides a recipe,
in which the exchange and nutritive value, fully
complying with the requirements is observed, while
minimizing the cost of mixed fodder by 6... 9%. Ra-
tions are optimized by at least 27 nutritional indicators.

To replace fishmeal to reduce the cost of
feed, to eliminate counterfeit fishmeal and poor
quality flour due to contamination by afloxins in
feed, included waste oil and fat industry (shrot,
phosphate concentrates), as well as phytose to im-
prove the absorption of this protein and phospho-
rus, as well as limiting feed amino acids of lysine
and methionine, as part of them is lost during ex-
trusion (table 1).
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Table 1.
Pseudoencapsulated recipe optimal mixed fodder
for rainbow trout

Optimum feed for
. fish (from 100
Feed components Substitutes grargq s 10 950
grams or more)
Fish meal
(Protein 63) B 30,23
Soy concentrate Soy, pea 30
(Protein 65) isolate '
Meat flour (Protein 68) Fish meal 6,0
Blood flour (Protein 80) - 4,0
Yeast (Protein 30) - 3,0
Corn flour — 40
Soybean meal (Protein
12) - 7,0
Corn gluten (Protein 59) | Wheat gluten 15,6
Lupin,
g)argetzgieﬁggweal sorghum and 6,0
other meals
Fish ail - 10,0
Vegetable oil Phosphatides 2,0
Wheat Barley 6,0
L — lysine — 0,2
Methionine 0,3
Phytase (Naturophos-
10006) - 0,02
Subtilis - 0,4
Oxycap (antioxidant) — 0,05
Calcium carbonate - 0,6
Phosphate monocalcium — 0,6
Premix P-110-1 — 1,0
Raw protein, % — 45,0
Raw fut, % — 18,0
Raw carbohydrates, % — 16,3
Raw fiber, % — 24
Minerals, % — 8,3
Moisture, % - 6-7
Ca - 3,2
P - 2,1
Essential fatty acids of
the linolenic B 25
series (o 3), %, not less !
than:
Essential fatty acids of
the linoleic B 08
series (o 6), %, not less '
than:
Total energy, MJ/kcal — 23,2/5545
Digestible energy,
MJ/keal - 18,3/4380

The proposed recipe meets all the require-
ments for feed for the preparation of optimal feed
for rainbow trout.

Results and discussion

Experienced batches of feed were manufac-
tured on experimental equipment AC «Scientific
and Production Center "All-Russian Research In-
stitute of Feed Industry» Voronezh. Testing of
these batches of feeds was carried out in swimming
plants measuring 1 x 1 x 0,5 meters, with a flow
rate of 5 I/min of Innovation and Technology Cen-
ter «Aquabioresource» VSUIT on rainbow trout
(from body weight 150 grams to body weight
350 grams) with  full control of growing
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environmentEach group consisted of 20 individu-
als of rainbow trout, which received experienced
and analog feed. Water temperature was main-
tained for rainbow trout 12—18 °C, oxygen content
7-8 mg/l, pH 6.5-6.7.

The results of tests of pseudocapsulated op-
timal feed mix, in comparison with known similar
formulations developed by AC «Scientific and Pro-
duction Center "All-Russian Research Institute of
Feed Industry» are presented in the table 2.

As a result, close results were obtained in
terms of the growth rate of trout, the development,
conversion of feed and viability in comparison with
the best feed analogues on the Russian market.

Table 2.
Fish and biological indicators of rainbow trout
cultivation
. Feed developed
Production figure E>f<g§é|%1icxed by AC «SPC
«All-RRIFI»
Body mass, g:
initial 152,6+5,5 159,4+ 4.4
ultimate 357,8+£15,2 372,4£183
Average daily
increase, r: 2,29 2,31
Survival rate, %: 98,5 96,9
Feed conversion 1,06 1,09
Growing period, days:
(March — May 2021) 9% 90

In the test of pseudocapsulated optimal feed
for rainbow trout in comparison with its analogue,
close indices of growth rate, feed conversion, sur-
vival rate were also established. In 90 days, the
year-old individuals reached a larger commercial
mass of more than 350 g, the statistical differences
in body mass in experience and control were unre-
liable (p > 0.05), close (see table 2). This testifies
to the high productive action of the new pseudo-
capsulated optimal mixed fodders, as well as the
best Russian counterparts.

Conclusion

A range of scientific research in the develop-
ment of pseudocapsuled optimal feed formulations
may be of interest in the field of full feeding salmon
fish, as well as through methods such as extrusion
and pseudocapsulation, which provide a significant
increase in the growth of living mass, the expan-
sion of the assortment of produced feed with a suf-
ficiently high biological, energy value, balanced in
the composition of essential amino acids, vitamins
and minerals, adapted to different species of valua-
ble fish species.
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Bkuaan aBTopoB

Buranuii H. Bacuienko 0030p nuTepaTypHbIX HCTOYHHUKOB IIO
uccneyemMoi npobieme, NpoBesl IKCIEPUMEHT, BBITOIHHUI PACUEThI
Jlapuca H. ®poJsioBa Hanucana pyKonuch, KOppeKTUpoBaia €€ a0
[I0JJa4YM B PEIAKIMIO U HECET OTBETCTBEHHOCTh 3a IUIaruar

Habs KO. KoukuH KOHCYIBTaMs B X0JI€ UCCIICIOBAHMS

Wiabsa 1. EpeMuH npeioKu METOIUKY MPOBEICHUS SKCIICPIMEHTa

Coduss HU. Kuabnosa npeyiokuiaa METOJUKY IPOBEACHHA
JKCIIEpUMEHTA
Poman B. JlopoxuMH npeijioXuil  METOOUKY  IPOBEIEHHS

SKCIICpUMCHTA U OPTraHU30BaJl IPOU3BOACTBCHHBIC UCIILITAHUS

KondaukT nutepecon
ABTODBI 3asBIISIIOT 00 OTCYTCTBUM KOH(MIIMKTA HHTEPECOB.
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