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Morphological state of the digestive organs
red-clawed crayfish (Cherax quadricarinatus) by the use of feed additives
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Abstract. The morphological structure of the digestive system organs (stomach, intestines and digestive gland) of the
Australian red-clawed crayfish (Cherax quadricarinatus) was studied when using alfalfa flour in feed as an alternative
additive. Crayfish were kept in laboratory conditions, at a temperature of 24-26.5 °C and divided into 3 groups: control
(11 individuals); crayfish that received experimental feed version No. 1 (10 individuals) and feed version No. 2 (10 indi-
viduals). The control group was fed with granular feed intended for sturgeon fish. In experimental feeds, fish meal was
replaced by alfalfa flour by 10%. An enzyme preparation — natusim in the amount of 350 mg/kg of feed was added to the
feed option No. 1. The experiment lasted 45 days. Feeding was carried out 2 times a day at the rate of 2-4% of body
weight. No damage to the gastric mucosa was detected on histological preparations of control and experimental individu-
als. The thickness of the stomach wall from the muscle layer to the edge of the epithelium varied in a wide range — from
40 to 200 microns, regardless of the experimental group. There were no large accumulations of hemocytes in the mucous
membrane, which indicates the absence of an inflammatory process. The thickness of the intestinal epithelial layer was
40-55 microns. A large number of goblet cells were observed, which may indicate an active digestion process. No patho-
logical changes in the structure of the intestine were detected. The transverse size of the tubes of the digestive gland was
in the range from 180 to 300 microns. On the cross-section, the proportion of the glandular part of the tubules reached
80-90%. Micro-preparations of the digestive gland of cancers receiving experimental feeds did not differ morphologically
from the control group.
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Annoramus. MccnenoBana Mopdosornueckast CTpyKTypa OpraHOB ITHINEBAPUTEIBHON CHCTEMBI (XKETyJOK, KHUIIed-
HUK U NHUIIEBapUTeIbHAS Kelle3a) aBCTPAIMHCKOro KpacHOKIeIHeBoro paka (Cherax quadricarinatus) nIpu UCTIONb-
30BaHMU MYKH 3 JIOLEPHBI B COCTaBe KOPMOB B KaueCTBE albTEPHATUBHON n00aBku. PakoB coxmepxkanu B nabopa-
TOPHBIX YCIOBHSX, IpH Temmeparype 24-26,5 °C u nenwmm Ha 3 rpynmsl: KOHTpoib (11 ocobeit); pakw, moirydaBIIue
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9KCIIepIMEHTaNIbHEIN BapuanT kopMa Ne 1 (10 ocobeit) u Bapmant kopma Ne 2 (10 ocobeit). KoHTposbsHyIo TpymTy
KOPMMIIU TPaHyJIHPOBAHHBIM KOPMOM, MpeIHAa3HAYEHHBIM ISl OCETPOBBIX PBIO. B skcnepuMeHTanbHBIX KOpMax peIO-
Has Myka Ha 10 % Obl1a 3aMeHeHa Ha MyKy W3 JIIOIEepHBL. B Bapuant kopma Ne 1 6bu1 mo6GaBieH GpepMeHTHEIH mpemna-
par HaTy3uM B KonudecTBe 350 Mr/kr kopMa. DkcriepuMenT jmicst 45 cyrok. Kopmirenne mpoBoauiu 2 pasza B CyTKH
n3 pacyera 2—4 % otT Maccel Tena. Ha rucronoruyeckux mpemaparax KOHTPOJBHBIX M IKCIIEPUMEHTANIbHBIX 0cOo0ei
MOBPEXIEHUH CIIM3UCTON 000JI0UKH XKeTyIKa BEISIBIEHO He ObUI0. TONIIMHA CTEHKH JKeITyAKa OT MBIIICYHOTO CJIOS JI0
Kpasi SnuTeIHs Kojaebanack B MHMPOKOM ananasoHe — oT 40 1o 200 MKM, HE3aBHCHMO OT SKCHEPHMEHTAIBHON TPyII-
nel. B cnusuctoit 06onouke He OBLIO OTMEYEHO OOJNBIIMX CKOMJIEHHH FeMOIIMTOB, YTO CBHIETENLCTBYET 00 OTCYT-
CTBHU BOCIIAJIUTENHHOTO Tporiecca. TONIIIHA SITUTENIHaIbHOTO ClIosl KHIIeuHuKa cocrasisuia 40-55 mxm. Habmona-
JI0CH OOJBIIOE KOJIMYECTBO OOKAIOBUIHBIX KJIETOK, YTO MOXET CBHJETENBCTBOBATH 00 aKTMBHO HMIYIIEM Ipolecce
numeBapenus. [laronornueckux U3MEHEHUH B CTPOCHUHU KUIIEYHHKA BBIABICHO He Obu10. [lomepeunsrit pasmep Tpy-
0oueK NMUIeBapUTENbHOIT xene3bl 0611 B uanasone ot 180 no 300 mxM. Ha monepeunom cpese nois skene3ncTon da-
ctu Tpybouek mocrurana 80-90 %. Mukponpenaparsl NUIIEBapUTEILHON XKele3bl PAKOB, MOTYyYaBIIAX IKCIICPUMEH-
TaJIbHbIE KOPMa, MOP(OJIOTHYECKH HE OTIIMYAIUCH OT KOHTPOJILHOM IPYIIIIBL.

KnroueBble cioBa: aBcTpanuiickuii kpacHoKJIemHeBEH pak (Cherax quadricarinatus), Myka U3 JIOLEPHBI, HATY3UM,
KeIyAoK, UIEeBapUTEIbHAs JKelle3a, KUIICUHUK
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Introduction

Australian redclaw crayfish (Cherax quadricarina-
tus) is a representative of the order of decapod crusta-
ceans and as an object of aquaculture it is actively grown
in farms. The diet plays an important role in the physio-
logical state of crayfish [1]. At the same time, there are
no recipes and industrial production of compound feeds
for this type of crustaceans in Russia. When growing
crustaceans, it is necessary to use feed intended for other
aquatic organisms, such as sturgeon or salmon [2, 3].
However, this is not economically justified.

The Australian crayfish is an omnivorous species,
which makes it possible to include a wide range of in-
gredients of animal and vegetable origin in the composi-
tion of feed during its commercial cultivation [4]. Previ-
ous studies on the possibility of replacing fishmeal with
various vegetable sources of protein and lipids have
shown that diets containing inexpensive plant ingredi-
ents are suitable for Australian redclaw crayfish, with-
out compromising survival and growth [5].

Vegetable feed additives are a source of readily
available nutrients [6], especially in the diet of crusta-
ceans, since most of their diet consists of plant food.
Alfalfa flour contains up to 25% of easily digestible
nitrogenous substances with the entire spectrum of es-
sential amino acids, as well as carotene, vitamins D,
E and B, a large amount of potassium and calcium. Us-
ing plant components as feed additives can significantly
reduce the cost and improve the quality of aqua-culture
products. At the same time, the issue of assessing the
effect of these additives on the organs of the digestive
system remains urgent. Despite the fact that crustaceans
are a fairly common object of aquaculture, the literature
available to us contains very little information about the
microscopic structure of their organs and tissues, espe-
cially under the influence of various factors.

The aim of this work was to study the morphologi-
cal structure of the digestive system of Australian
redclaw crayfish when using alfalfa flour in feed as an
alternative additive.
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Materials and methods

Experimental studies were carried out on the basis
of the scientific laboratory of ichthyopathological stud-
ies and complex approbation of preparations of Astra-
khan Astrakhan Tatishchev State University and the
Laboratory of physiology of fish nutrition of Astra-
khan State Technical University.

The object of the study was an Australian redclaw
crayfish (Cherax quadricarinatus) with an average
weight of 36.5 g, in an amount of 31 individuals. Cray-
fish were kept in aquariums with a volume of 150 liters
at a temperature of 24-26.5 °C. Crayfish were divided
into 3 groups: control (11 individuals); crayfish receiv-
ing experimental version of feed No. 1 (10 individuals);
crayfish receiving experimental version of feed No. 2
(10 individuals).

The control group was fed with granular feed in-
tended for sturgeon fish. The feed consisted of the
following components: fish flour, blood, meat, meat
and bone, wheat germ, gluten, grain and meal extru-
dates, minerals, vitamins, fish oil, bioflavonoids, anti-
oxidants, vegetable oil, phytase.

Based on the literature data on nutritional needs, nu-
tritional value and the use of various components in the
composition of compound feeds for Australian redclaw
crayfish [7], two formulations of experimental feeds
were developed. Composition of the feed was selected
so as to reduce the cost of the feed as much as possible.
The formulations included components of animal and
vegetable origin in different percentages: fish meal, fish
oil, wheat flour, alfalfa flour, corn gluten, boiled carrots,
calcium, premix.

In experimental feeds, fishmeal was replaced by al-
falfa flour by 10%. An enzyme preparation — natusim
in the amount of 350 mg per 1 kg of feed was added
to the experimental version of feed No. 1.

Preparation of experimental batches of feed included
the following stages: preparation of components, their
grinding, production of granules by wet pressing, drying
in a dryer, application of fat by vacuum spraying. Fin-
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ished pellets of 4-4.5 mm in size, after vacuum applica-
tion of fat on them, were a completely finished product,
which was fed to crayfish. The analysis of the compound
feed composition was carried out according to the
scheme developed by other authors during zootechnical
and biochemical analyses of feed for crustaceans [2].

The experiment lasted 45 days. Feeding was given
2 times a day. The feeding norm made 2-4% of body
weight.

The effectiveness of the diets was evaluated by
fish-biological (growth rate, survival rate) and histo-
logical indicators [8].

For histological analysis, the stomach was taken as
an organ of the very first organ of the digestive system
involved in digestion, the digestive gland taking an ac-
tive part in the process of digestion and absorption, as
well as the initial part of the intestine.

The tissues were fixed in a Buena mixture, filled
with paraffin and sections with a thickness of 7 microns
were made [9]. The obtained sections were stained with
hematoxylin-eosin and photographed with an Olympus
BX 53 microscope.

Results and discussion

Australian crayfish are omnivorous and unpreten-
tious in food. Their diet includes vegetable foods and
animal proteins. Crayfish can feed on aquatic plants,

small representatives of the ichthyofauna. The digestive
system begins with the mouth opening, then food enters
the pharynx, short esophagus and stomach. The stomach
is divided into two sections — chewing and filtering.
Next, the food enters the middle intestine, where the
ducts of the digestive gland open. Undigested residues
enter the posterior intestine and are discharged through
the anal opening on the tail blade.

Our previous studies have shown the possibility
of partial replacement of fish meal with vegetable pro-
tein in the preparation of feed for growing in artificial
conditions of Australian redclaw crayfish. The decrease
in the amount of animal protein in the feed did not sig-
nificantly affect the main fish-biological (survival rate,
increase in body length and weight) and biochemical
(content of protein, glucose, lipids, urea, etc. in the he-
molymph) indicators of crayfish. There was a decrease
in mortality and a gain in body length, especially when
the enzyme natusim was added to the feed [10].

This article presents the results of histological stud-
ies of the digestive tract of the stomach, intestines and
digestive gland with partial replacement of fish meal in
the feed with vegetable protein.

The stomach. The histological picture of the stom-
ach of the redclaw crayfish of the control and experi-
mental groups is shown in the figures (Fig. 1).

Fig. 1. The stomach of redclaw crayfish:
a — review preparation (control); b — stomach wall (control); ¢ — stomach wall (feed option No. 1);
d — stomach wall (feed option No. 2): / — mucous membrane; 2 — mucous layer; 3 — glandular cells;
4 — submucosal layer; 5 — muscle layer; 6 — serous membrane

The stomach wall of crayfish is formed by a mucous
membrane / covered with mucus 2, gastric glands 3,
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submucosal layer 4, muscle 5 and serous membrane 6.
The wall thickness from the muscle layer to the edge
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of the epithelium ranged in a wide range — from 40
to 200 um, even in the same individual, regardless
of the experimental group.

The gastric mucosa had a folded structure, comb-
shaped folds, rare, deepened folds sometimes branched.
The inner surface of the mucous membrane is smooth.
The surface of the folds is covered with a thin layer
of mucus. At the base of the mucous membrane are the
glands of the mucous membrane. The mucous mem-
brane is bounded from the submucosal base by a thin
muscular layer.

No damage to the gastric mucosa was detected on
the studied histological preparations of control and ex-
perimental individuals of redclaw crayfish. Also, there
were no large accumulations of hemocytes in the area
of the mucous membrane, which could indicate the de-
velopment of an inflammatory process.

The intestine. The morphological picture of the in-
testine of red-lobed crayfish of the control (Fig. 2, a, b)
and experimental groups (Fig. 2, ¢, d) did not differ
significantly.

Fig. 2. The intestine of redclaw crayfish:
a — review preparation (control); b — intestinal epithelium (control); ¢ — intestinal epithelium (feed variant No. 1);
d — intestinal epithelium (feed variant No. 2); / — intestinal lumen; 2 — edged epithelium; 3 — crypt; 4 — immune cells;
5 — connective tissue; 6 — blood vessels; 7 — muscle layer; 8 — nucleus of epithelial cells; 9 — goblet cell

The inner surface of the intestine had a folded struc-
ture with deep crypts 3 and was lined with edged epithe-
lium 2. At the base of the folds are clusters (follicles)
of immunocompetent hemocytes 4. Such clusters are
very similar to the lymphoid tissue associated with the
intestine, which is observed in fish and amphibians. It is
possible that in crayfish they are formed by vascular
extensions and filled with hemocytes.

Enterocytes of the epithelium are prismatic in shape,
tightly adjacent to each other. In enterocyte cells, the
nuclei 8§ had a rounded or oval shape, mainly with
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a single nucleolus. The thickness of the epithelial layer
was 40-55 pum.

Thus, the microscopic structure of the organ indi-
cates the full functioning of its main cellular structures
both in the case of using traditional feed, and when
using both variants of experimental feeds.

Digestive gland. The digestive gland of redclaw
crayfish is represented by a system of branched tubules.
The tubes are packed parallel to each other and have
a rounded or oval shape on the cross-section (Fig. 3, a, b).
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Fig. 3. The digestive gland of redclaw crayfish:
a — review preparation (control); b — the cross-section of the digestive gland tube (control); ¢ — the cross-section
of the digestive gland tube (feed option No. 1); d — the cross-section of the digestive gland tube (feed option No. 2);
1 — glandular tissue (cells of the digestive gland); 2 — the duct of the digestive gland; 3 — lacunae filled with hemolymph

The transverse size of the tubes usually ranges
from 180 to 300 um. Glandular tissue / is formed by
strands of cells, in the cytoplasm of which optically
bright areas are detected. The reason for this phenom-
enon is not completely clear. These may be digestive
enzymes, and it cannot be excluded that light areas
may occur as a result of the leaching of glycogen from
cells during histological treatment of drugs. The inner
part of the tube of the digestive gland has a folded
structure. Folding in different tubes can be expressed
to varying degrees. In the middle part of the tubules
there is a duct 2 that removes digestive enzymes into
the intestinal cavity. There are gaps filled with hemo-
lymph at the contact points of the tubes 3.

On the histological preparation, the nuclei of glan-
dular cells are clearly visible, usually having a rounded
shape with one well-distinguishable nucleolus in the
middle. On the cross-section, the proportion of the
glandular part of the tubules reached 80-90%.

Micro-preparations of the digestive gland of redclaw
crayfish receiving experimental feeds (Fig. 3, ¢, d) prac-
tically did not differ from the control group.

In the shape, size of the tubes of the digestive gland,
the structure of their glandular part, the histological pic-
ture was identical in all the studied groups. Infiltration
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by immune cells, which is an indicator of inflammatory
and necrotic processes, was not detected.

Thus, the partial replacement of fish meal with a veg-
etable component did not lead to pathological changes in
the structure of the studied organs of the digestive system.
Most likely, this is due to the omnivorous nature of the
redclaw crayfish and the adaptability of its digestive sys-
tem to eating and digesting both plant and animal food.

Conclusion

The results of the conducted studies made it possi-
ble to assess the safety of partial replacement of fish
meal with vegetable protein for the digestive system
of Australian redclaw crayfish when preparing feed for
its cultivation in artificial conditions.

No mucosal damage was detected on the studied his-
tological preparations of the stomach, and there were
also no signs of the development of the inflammatory
process.

The morphological state of the intestine, namely the
integrity of the apical surface of enterocytes and the
presence of a large number of goblet cells indicates
a good course of the digestive process.

There were no signs of pathological processes (in
the form of necrosis and inflammation) in the glandu-
lar part of the digestive gland. The tubes of the diges-



Vestnik of Astrakhan State Technical University. Series: Fishing industry. 2023. N. 3

ISSN 2073-5529 (Print), ISSN 2309-978X (Online)
Physiology and biochemistry of hydrocole

tive gland did not differ significantly in their dimen-
sional characteristics in individuals of different exper-
imental groups.

Thus, the complex of biochemical, physiological,
fish-biological and morphological studies performed
by us indicates that the developed feed formulations

are able to positively change the functional parameters
of the organism of the redclaw crayfish (Cherax
quadricarinatus), but during the studied period there
are no pronounced structural changes in the organs and
tissues of the digestive system.
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