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Purpose. To analyze the effect of different concentrations of dry inactivated baker's yeasts on
the morphological parameters of the digestive system of Russian sturgeon fry, using enterocytes and
hepatocytes as an example, to determine the optimal concentrations that could be used as a part of
starter feeds when growing the above mentioned fish species in recirculating aquaculture systems
(RAS).

Methodology. Classical histological methods were used in the study. Russian sturgeon fry were
sampled every 7 days from the beginning of experimental feeding. After anesthesia, they were placed
in a Buen solution (15 parts of a saturated aqueous solution of picric acid, 5 parts of formalin, 1 part
of acetic acid) for 24 hours. After rinsing, the specimens were stored in 70% ethanol (C;HsOH).
Specimens were processed through alcohols and embedded in paraffin in accordance with the
generally accepted technique. Histologic sections were stained with hematoxylin (C16H1406°3H20, M.
w. 356.33) and eosin (C;0HgBr,0s, M. w. 647.89052).

Findings. The study demonstrated the effect of different concentrations of baker's yeasts in the
composition of the starter feed for Russian sturgeon on the morphometric parameters of their
digestive system using the example of enterocytes and hepatocytes. The positive effect of dry baker's
yeasts, which is manifested in an increase in the absorption of enterocyte surface and an
improvement in the locality in glycocalyx, both for enzymes and symbiotic microorganisms playing an
active role in extracellular digestion, has been shown. In addition, no toxic effect of a high
concentration of baker's yeasts in the diet on the organism of Russian sturgeon fry was registered.

Scientific novelty. For the first time the analysis of the effect of different concentrations of
inactivated baker's yeast, as part of the diet of Russian sturgeon fry, on the morphometric parameters
of its digestive system has been performed.

Practical value. Dry inactivated baker's yeasts were proved to be advisable to add to the starter
feed for the Russian sturgeon as a biologically active dietary supplement because they have a positive
effect on fish digestive system.

Key words: Russian sturgeon fingerling, inactivated baker's yeast, digestive system, enterocytes,
hepatocytes, started diet for fish.
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Mema. 30ilicHumu aHaniz 0ii pi3HUX KOHUeHmpayili cyxux [HAKMuUB0OBAHUX MNEKAPCbKUX
Opincodxcie Ha MopgoaoeiyHi napamempu mpasHoi cucmemu Mosa00i pocilicbkoeo ocempa HaA
npuKknadi eHmepoyumie ma 2enamoyumie 0718 8CMAHOBAEHHA OMMUMAAbHUX KOHYeHmpauil, AKi
moenu 6 bymu 8UKOPUCMAHI 8 CKAAadi cmapmosux Kopmis, nid 4ac sUpouwy8aHHA suuje32a0aH020
8udy pub 8 yCMaHOBKAX 3MKHEH020 8000M10CMa4aHHA (¥Y3B).

MemodukKa. [nsa docaeHeHHs memu pobomu 6yau 8UKOPUCMAHI KAACUYHI 2icmosnoeiyHi memodu
docnidmceHob. Tak, KoxHux 7 0i6 3 MoYyamky eKkcriepuMeHmasbHoi 2o00ieni 8idbupanu Moso0b
pocilicbkoeo ocempa, AKy nicna aHecmesii nomiwanu Ha 24 200uHU 8 po34yuH byeHa (15 yacmuH
Hacu4yeHo20 800HO20 PO34UHY MIKPUHOBOI Kucaomu, 5 yacmuH ¢opmaniHy, 1 yacmuHa ouymosoi
Kucnomu). Micns ononickyeaHHA, npenapam 36epizanu y 70% po34yuHi emaHony (C;HsOH). Mpenapamu
rnepesodusnu Yepe3 cnupmu i 3aaueanu 8 napagiH 3a 3a2016HONPUIHAMOK MemoduKoro. [icmonoezivyHi
3pi3u 3a6apentosanu 2emamokcuniHom (CigH140s23H,0, M. m. 356,33) ma eo3uHom.

Pe3ynbmamu. [1po0eMOHCMPOBAHO B8MAUS Pi3HUX KOHUeHmMpauyili nekapcoKux Opixoxie y cknaodi
cmapmoso20 Kopmy 0115 pocilicekozo ocempa Ha MmopghomempuyHi napamempu (io2o mpasHoi cucmemu
Ha npukaadi eHmepoyumie ma eenamouyumie. BuseneHo, no3umusHuli ernaue Opixcoxcie, Wo
npossnseMeoca y 36inbuwieHHi 8CMOKMYB8a1bHOI MoBEPXHI eHmepoyumie, ma rnoKpawleHHi a1oKanimemy y
2/1IKOKaiKCi AIK 0718 eH3UMi8, MaK i 0718 cumMbBiomuYHUX MIKPOOP2aHi3Mis, U0 BUKOHYHOMb QKMUBHY POsb Y
nMo3aKkNiMuHHoOMy —mpaeneHHi. OOHOYACHO, He 3apeecmposaHuli MOKcu4HUlli  ehekm  8ucoKoi
KOHUeHmpauii Opixcoxcie 8 pauioHi Ha opeaHiam Mmoso0i pocilicbkkozo ocempa.

Haykoea Hosu3Ha. Bnepwe 30ilicHeHO aHani3 enausy pi3HUX KOHUeHmMpayili iHaKMugo8aHuUX
nekapcoKux OpikOxie y CcKAadi payioHy mosa00i pocilickkozo ocempa HA MopgomempuYHi
MOKA3HUKU MPAsHOi cucmemu 0CMAaHHbO20.

MpakmuyHa 3Ha4yumicme. [JosedeHo, W0 Cyxi iHOKMUBOBAHI neKapcobKi OpiH M OouinbHO
8800UMU 8 cmapmosi Kopmu 04 pocilickkoeo ocempa, 8 AKocmi 6ios02iYyHO akmueHoi 0obasKu,
OCKifIbKU BOHU CrpasnAalome no3umusHull ernaue Ha io2o mpasHy cucmemy.

Knrouosi cnosa: monode pocilicokoeo ocempa, iHAKMUBOBAHI NMEKAPCLbKI OpinOuci, mpasHa
cucmema, eHmepoyumu, 2enamoyumu, cmapmosi Kopmu 015 pub.
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Leab. Ocywecmesume aHanu3  8030elicmeus  pasauYHbIX  KOHUeHmpayuli  cyxux
UHAKMUBUPOBAHHbIX MNEeKapcKux Opoxciceli Ha Mopgoaoaudeckue napamempsl nuwesapumensbHoli
cucmemesl  Mos00exu pPyccKkozo ocempa HA Mpumepe 3SHMepoyumos U 2enamoyumos 014
YCMaHoBAEHUA ONMUMAQsbHbLIX KOHUeHmpayul, Komopsie moeau b6bl 6bimb UCMO6308GHbLI 8
cocmase cmapmosbix KOPMOo8, Mpu 8bIpAULUBAHUU BbIWEYNTOMAHYMO20 8uda pbib 8 yCMaHOBKaAxX
3aMKHYmMoe2o 8000cHabyceHus (¥3B).

Memoouka. [na OocmuxeHua uyeau pabomel 6biAu  UCMOAL308AHbI  Kadaccuyeckue
a2ucmosnozauyeckue mMmemoosi uccaedosaHull. Tak, Kaxcdole 7 OHell ¢ HA4aAA 3KCNEePUMEHMANbHO20
KopmaeHUA ombupanu Monodb pYyccKoz2o ocempd, KOmopyto nocsae aHecmesuu rnomeuwyanu Ha 24
yaca 8 pacmeop bysHa (15 yacmeli HacbiweHHo20 800HO20 pPAcmMeopa MUKpPUHosol Kuciaomel, 5
yacmeli popmanuHa, 1 yacme ykcycHol Kucaomel). [locsae ononackusaHus, npenapam XpaHuau 8
70% pacmeope amaHosna (C2H50H). lNpenapamsi npogoounu Yepes cnupmel U 3aau8anau 8 NapagpuH
no obwenpuHamol memoduKke. [ucmonozuyeckue cpe3bl OKPAWUBAAU 2eMAMOKCUNUHOM
(C16H1406°3H>0, M.m. 356,33) u 303uHom (C,0HgBr,0s, M.m. 647.89052).

Pe3synemamel. [Ip00eMOHCMPUPOBAHO B/AUAHUE PA3/AUYHbIX KOHUeHmpayul neKapckux
dpoxcomeli 8 cocmase cmapmosoz2o Kopma 074 PYyCcCKO20 ocempa HA MopgomempuyecKkue
napamempel e2o nuujesapumesnsHol cucmemMsl HA MPUMEPE 3HMepoyumos u 2enamoyumos.
BeisgneHo, nonoxcumesnsHoe enuUAHUe Opoxokel, Komopoe nposAsasemca 8 ysenudeHuu
scacvisatouwjeli Mo8epxHOCMU 3HMePOYUMOos, U yay4WeHUU A0KaAUmema 8 2AUKOKAAUKCe KaK 014
3H3UMO8 MaK U CUMBUOMUYECKUX MUKPOOP2aHU3MO8, KOMOPbIE 8bIMOAHAM AKMUBHYHK POsb 80
8HeK/1eMoYHOM nuwesapeHuu. Kpome mozo, He 3apea2ucmpuposaH moKcudeckuli aghgpekm sbicokol
KOHYyeHmpayuu opoxcieli 8 payuoHe Ha op2aHU3M Moa00U PYCcCKo20 ocempd.

Hay4yHaa Hoeu3Ha. Brnepsbie ocywjecmesneH aHAAU3 BAUAHUA PAa3AuYHbIX KOHUeHmpayul
UHAKMUBUPOBAHHbIX MEKapCcKux Opoxcicel, 8 cocmase payuoHa Mosao0u pycckoeo ocempa, Ha
mMopghomempuyecKkue NoKasamesu e2o nuuesapumenbHoli cucmemol.

Mpakmuyeckan 3Ha4yumocme. [JOKa3aHO, YMO Cyxue UHAKMUBUPOBAHHbIE MEKAPCKUE OPOHHU
yenecoobpasHo 8800UMb 8 CMApPMo8bie KOpMa 041 PYcCcKo20 ocempd, 8 Kayecmee buosaoau4ecKu
akmueHoli 006a8KU, MOCKOAbKY OHU OKG3bI8AOM  O/A0XUMeNbHOe B8AUAHUE HA  e20
nuwiesapumesnsHyto cucmemy.

Knrouesble cnosa: monodb pyccko2o ocempd, UHAKMUBUPOBAHHbLIE MEKAPCKUE OpOXHCHCU,
nuwesapumesbHas CUCMema, 3HMePouUMmbl, 2eramouyumesl, cmapmossie Kopma 0114 pbib.

PROBLEM STATEMENT AND ANALYSIS
OF LAST ACHIEVEMENTS AND PUBLICATIONS

The digestive system of Russian sturgeon combines not only signs of cartilaginous
(Chondrichthyes) and bony (Teleostei) fishes, but also batrachians (4dnura, Salientia,
Ecaudata). There are a number of species-specific characteristics inherent in their
digestive system described in detail by D. A. Bednyakov and others [1—4]. First, it is the
activity of enzymes in the intestinal mucosa, which are involved in membrane (perineal)
digestion and its dependence on abiotic and biotic factors. Secondly, morphological
characteristics of the microvilli of intestinal mucosa. Thirdly, the asynchronous
development of the digestive tract, the formation of which is as follows: spiral intestine
— colon — stomach. Thus, the formation of the digestive system in Russian sturgeon
begins in the period of embryogenesis, and ends at an age of 40—50 days, in other words
during the fry period of development. In the early ontogeny of this species, there is a
close correlation between the development of the structure and function of the digestive
system and food needs. Data on the functioning of the digestive system, in particular
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morphological parameters of the intestine and liver, are needed to understand the course
of metabolic processes in the organism of Russian sturgeon.

The most important components of the digestive system of Russian sturgeon are
the intestine and the liver, which are formed by enterocytes and hepatocytes,
respectively. When studying the peculiarities of the digestion processes of Russian
sturgeon it is not possible to ignore the morphological parameters of the above-
mentioned groups of cells [5—7].

Thus, studies of the morphological parameters of enterocytes and hepatocytes are
capable of providing the necessary for predicting the feasibility of using one or another
diet in feeding juvenile fish.

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

The use of products of microbiological synthesis, namely, yeasts of various
etiologies, has been widely used in sturgeon culture since the 1950s. However, baker's
yeast, which is the most common in the world, is not a traditional dietary supplement
for sturgeon (Acipenceridae) feeding [8]. Therefore, the aim of this work was to
investigate the effect of different concentrations of inactivated baker's yeasts on the
morphological parameters of the digestive system of Russian sturgeon (Acipenser
gueldenstaedtii Brandt) fry. The dynamics of the morphological state of enterocytes and
hepatocytes when feeding fish with dry baker's yeasts as an additive to the basic feed is
an important indicator of the metabolic processes in the development of the organism of
juvenile fish. In general, this provides an opportunity to predict the success of feeding
Russian sturgeon fry and increase the effectiveness of this process.

MATERIALS AND METHODS

Studies have been carried out during the last few years (2016—2018), at the
Experimental Fish Farm of Lviv Research and Experimental Station of the Institute of
Fisheries of the National Academy of Agrarian Sciences of Ukraine.

The objects of study were yolk sac larvae of Russian sturgeon placed in a
recirculating aquaculture system (RAS). The larvae were raised at a temperature of
16°C. The dissolved oxygen content in water was 7.00 — 8.12 mg/dm°.

After 10 days of adaptation, sturgeon fry were divided into 3 groups of 1000
specimens each in order to determine the effect of inactivated baker's yeasts on
productive characteristics. In the experimental group No. 1, the basic feed was
supplemented with 10% inactivated dry baker's yeasts, while in the experimental group
No. 2, the basic feed was supplemented with 40% inactivated dry baker's yeasts. The
diet of the control group of fish did not contain yeasts. Yeasts were manually introduced
into the basic feed immediately after their inactivation by freezing in the freezer and
before giving the feed to the test specimens.

The basic feed was the specialized starter feed "Inicio Plus" for sturgeons
manufactured by "Biomar", which is widely represented on the Ukrainian market. The
above-mentioned starter feed contains 58% of crude protein, 14% of crude fat, 10% of
carbohydrates, 0.4% of fiber, 11.5% of ash and 1.7% of total phosphorus.
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The fish were fed six times during the day, taking into account their biorhythms,
where 50% of the daily ration was given in the morning and evening, and the remaining
feed was evenly distributed among four feedings in the afternoon. The daily control of
growth rate, mortality, and teratological observations were made on the number and
condition of specimens with physiological abnormalities.

For histological studies, a whole body of larvae was used. After anesthesia (by
preparation «Propiscyn»), they were placed into a Buen solution (15 parts of a saturated
aqueous solution of picric acid, 5 parts of formalin, 1 part of acetic acid) for 24 hours.
After rinsing, the specimens were stored in 70% ethanol. Specimens were processed
through alcohols and embedded in paraffin in accordance with the generally accepted
technique. Histologic sections were stained with hematoxylin (CisH1406*3H20, M.w.
356.33) and eosin (C2oHgBr4Os, M.w. 647.89052). Also, we used electron microscopes
and photographs of the preparations obtained.

After feeding the Russian sturgeon fry with different concentrations of inactivated
baker's yeasts, we analyzed the morphological structure of the most important organs,
which was involved in the digestive processes — intestine and liver. This was done by
analyzing the morphological parameters (shape, size etc.) of the state of enterocytes and
hepatocytes, depending on the different concentrations of inactivated baker's yeasts fed
by the of the Russian sturgeon fry.

STUDY RESULTS AND THEIR DISCUSSION

The histological sections of the intestinal specimens showed that experimental
feeding with inactivated baker's yeasts affects the height of the brush border and the
thickness of the mucopolysaccharide layer, and the height of enterocytes of the Russian
sturgeon fry (Fig. 1).

N -

Fig. 1. Formation of the enterocyte surface in the intestine of the Russian
sturgeon fry of the control group after the first day of experimental feeding (X
1600), E - enterocyte, N — glycocalyx

During the experiment, significant changes in the shape and size of hepatocytes
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and the amount of glycogen accumulated in them were detected.

The ratio of the glycocalyx thickness to the enterocyte length in the intestine of the
Russian sturgeon fry in the control and experimental groups is approximately the same
and is 8.7£2.0%. The surface of the mucopolysaccharide layer often contains settled
groups of microorganisms that perform the function of mediated digestion by
discharging own enzymes into the intestinal lumen. In general, in the control group,
normal development of the intestine surface with a developed brush border is clearly
visible after 24 days of the experiment (Fig. 2, 3).

The enterocyte nuclei are not located uniformly all cells: they are displaced closer
to their apical part in 30% of cases, while others are located closer to the basal
membrane. This reflects the intense processes of fission and growth in intestinal
microvilli of Russian sturgeon fry.

Ry s

Fig. 2. Section of the mid-intestine of Russian sturgeon fry from the control
group after 24 days of experimental feeding (X 160)

Fig. 3. Enterocytes on a microvillus in the mid-intestine of Russian sturgeon
fry from the control group after 24 days of experimental feeding (X 1600)
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After 24 days of experimental feeding of sturgeon in the control group, the relative
thickness of the microvillus layer increased significntly indicating an intensification of
digestive processes (Fig. 4).

Fig. 4. Transverse section through the surface of an enterocyte in the mid-
intesine of Russian sturgeon fry after 24 days of experimental feeding with a feed
containing 10% of baker's yeasts (X 1600)

The average relative thickness of microvillus layer in the control group was 12.41
+ 0.89%. This natural phenomenon is also associated with an increase in the activity of
membrane digestion, which depends on the thickness of the glycocalyx, in which both
own intestinal enzymes and those synthesized in enterocytes are absorbed.

Promising results were obtained in a group of Russian sturgeon fry fed with 10%
baker's yeast. In this group, the relative thickness of the microvillus layer covered with
glycocalyx was 17.16 £ 2.26%.

The presence of inactivated baker's yeasts in the feed seems to contribute to an
increase in the thickness of glycocalyx that in general has a positive effect on digestive
processes. One of the reasons for this is the increased likelihood of a higher number of
loci for symbiotic microorganisms that play an active role in extracellular digestion.

Enterocytes in sturgeon fry fed with a feed containing 40% baker’s yeasts had a
normal appearance with distinct nuclei displaced in the basal direction (Fig. 5).

There are no phenomena of enterocyte desquamation that indictes a positive effect
of the experimental supplementation with baker's yeasts on the digestive tract of
Russian sturgeon fry.

The microvillus layer was not always uniform and formed a wave-like structure. Its
thickness relative to the height of the cell was 11.31 £ 1.57%. The average height of the
mucopolysaccharide layer was lower than the control results of 8.9%. The enterocyte
nuclei were located mostly in the basal part of these cells, with a small percentage in
their apical part.
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Fig. 5. Transverse section through enterocyte surface in the mid-intestine of
Russian sturgeon fry after 24 days of experimental feeding with a feed containing
40% of baker's yeasts (X 1600)

The inhomogeneous and lower height of glycocalyx indicates a deterioration of
digestive processes and, consequently, of absorption. It also negatively affects the
location of symbiotic organisms.

Thus, feeding with the strater feed containing 40% of baker's yeasts during 24
days did not improve the digestive process and therefore is inappropriate. Instead, ,
feeding with the strater feed containing 10% of yeasts during the same period of time
positively affected the morphological parameters of the digestive tract resulting in an
increase in the glycocalyx layer and microvillus height by 38.2% relative to the control
parameters. This creates a positive precondition for optimizing the digestive processes
and, as a consequence, the growth of the Russian sturgeon organism.

Let’s consider the effect of experimental feeding with the use of baker's yeasts on
hepatocytes of Russian sturgeon fry. Fig. 6 shows their hepatocytes at the beginning of
the experiment.

The hepatopancreas of Russian sturgeon after metamorphosis in the juvenile period
contains a large number of fat vacuoles and glycogen grains that plays an important role
of energy depot. In the future, with an increase in the activity of lipolytic processes, the
amount of fat in the liver will decrease. However, the quality of fats in feeds consumed
by sturgeon juveniles plays an important role during this period. In our case, the starter
feed contained 15% of fat, which led to its intense accumulation in the liver. Fig. 6
shows clear large hollow vacuoles among hepatocytes.

It is known that accumulation of lipid drops in liver tissues at the beginning of
active nutrition is a temporary phenomenon. The reason for this may be the low activity
of lipolysis and slow transport of fats. However, during active feeding, this situation
may change rapidly. To investigate this aspect, let’s consider the morphological
structure of the liver of Russian sturgeon fry after 24 days of experiment (Fig. 7).
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Fig. 6. Hepatocytes of Russian sturgeon fry after the first day of experimental
feeding with noticeable fat vacuoles (X 1600)

Fig. 7. Hepatocytes of Russian sturgeon fry of the control group after 24 days
of experimental feeding filled with vacuoles contaoning accumulated substances (X
1600)

Figure 7 shows that with a relatively stable density of lipid vacuoles in liver
tissues, their size decreased by 23% relative to the state at the beginning of the
experiment. Here, there is a normalization of lipid metabolism, which was confirmed by
our studies of the activity of lipolytic enzymes (lipases) [9, 10].

Let’s consider the morphological structure of hepatocytes when exposed to
different concentrations of baker's yeasts added to the basic starter feed for sturgeon fry.
Fig. 8 shows a fragment of the liver of this fish fed with a feed containing 24% of
baker's yeasts during 24 days.
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Fig. 8. Hepatocytes of Russian sturgeon fry of the control group after 24 days
of experimental feeding with 10% of baker's yeasts (X 1600)

Normally developed hepatocytes are visible near connective cells of the hepatic
stroma. By size — they are similar to those in the control group of fish. In cells, there are
noticeably small granules of accumulated substances that is normal for this stage of
development. There are no signs of excessive fat accumulation beyond hepatocytes. Fat
cells are present, but they are small in size. Their number is lower by 12% relative to
that in the control group of fish. This concentration of yeasts seems to have a positive
effect on the morphological structure of the liver, and, accordingly, on the digestion
processes.

Let’s consider the structure of hepatocytes in the experimental group of fish fed
with a starter feed containing 40% of inactivated baker's yeasts (Fig. 9).

L

e

r 4
/

Fig. 9. Hepatocytes of Russian sturgeon fry of the control group after 24 days
of experimental feeding with a feed containing 40% of baker's yeasts (X 1600)

Fig. 9 shows that the size of hepatocytes is slightly increased compared to the
control group. Their average length is 611, 21 £ 241.71 um, which is 23% higher than
the maximum length of hepatocytes in the control group. Fat vacuoles are presented in
the form of small grains that are chaotically located among hepatocytes. Obviously, this
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is due to insufficient amount of fat in the diet and its reserve use from the liver. In
general, there are many inclusions in the hepatocytes of fish in the experimental group.
Thus, the use of 40% yeasts in the diet ssems to lead to metabolic changes that are
associated with the utilization of nutrients in the liver and ieffective energy costs.

It is important to emphasize that the toxic effect of high concentrations of
inactivated baker's yeasts in the starter feed for Russian sturgeon was not confirmed.

CONCLUSION AND PERSPECTIVES OF FURTHER DEVELOPMENT

Consequently, the use of dry baker's yeasts inactivated by cold as a biologically
active supplement to the basic feed is a promising trend in sturgeon culture.

Analysis of the morphological structure of enterocytes and hepatocytes of sturgeon
fry in conditions of feeding with feeds containing 10% and 40% of baker's yeasts by
weight for 24 days suggests a positive effect of low baker's yeasts concentration. First
of all, the positive effect of using baker's yeasts manifests in a 38.4% increase in the
absorption surface of enterocytes. Secondly, there is an improvement in the localization
in glycocalyx both for enzymes and for symbiotic microorganisms that play an active
role in extracellular digestion. Thirdly, the optimal regulation of lipid metabolism of the
liver and the maintenance of its trophic structure was noted.

All this defines the relevance of further research on the selection and scientific
justificstion of the optimal concentration of baker's yeasts, which would be appropriate
to be used in feeding of Russian sturgeon fry.
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