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The composition of the compound feed for rainbow trout included high-protein feed made from products of processing substandard
crayfish in the form of flour. The research was carried out in a closed supply installation. In the course of the experiments, the chemical
composition and energy nutritional value of flour from crustaceans of aquatic organisms of various cooking technologies, the chemical
composition of muscle tissue, and amino acid score were studied. Studies of the growth and development rates of rainbow trout
based on the results of control catches were carried out weekly. At least 10 specimens were weighed on electronic scales. During the
experiment, rainbow trout were fed four times a day with pelleted compound feed with a pellet diameter of 6 mm. The composition
of the diets differed in several ways. The main component was fish meal and flour made from freshly dried crayfish, and in group 2
from freshly boiled and then dried crayfish. In the experimental groups, the amount of flour studied was 20%. All the changes made
in the composition of the feed did not have a significant effect on the energy and protein nutritional value of the feed and the content
of fat and phosphorus in them. It was found that the use of crayfish flour in the composition of compound feed for rainbow trout has
a positive effect on the increase in live weight of fish, reduces feed costs, does not change the biochemical composition of blood,
changes the chemical composition of muscle tissue, and improves the amino acid rate. Due to the relatively low cost compared to fish
meal, the use of crayfish meal reduces the cost of compound feed and increases the economic effect of growing rainbow trout.
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Perednya, 2002, Guseva et al. 2018a, b; Moskalenko et al,
2020; Poddubnaya2020b).

Currently, fishing in the seas and oceans is the main source
of fish products for the population. In some countries,
the volume of farmed fish approaches the volume caught
from natural reservoirs, and sometimes even exceeds it
(Shcherbina & Gamygin 2006; Brug & Ridler 2004). Among
the various forms of fish farming, the industrial form has the
greatest potential for a rapid increase in production volumes.
The success of this form of fish farming largely depends on
the balance and quality of the compound feed. Therefore, in
recent years in the world, the production of compound feed
for fish has been actively developing and there is a constant
search for new sources of raw materials (Voronova, 1989,
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At present, during the processing of crustaceans to obtain
gourmet products, up to 80% of non-food waste is formed,
which can be divided into three fractions: chitin-containing,
protein-containing, and lipid waste (Trukhin 1992, Shiryaev,
1997). The chitin-containing fraction (mainly represented
by shells) serves as a raw material for the production of
chitin and chitosan, which have adhesive properties in the
composition of compound feed for various types of aquatic
organisms (Gamygin & Sazonova 1999; Bakhareva et al.,
2019, Moskalenko et al, 2020). Besides, other valuable
products can be obtained from crustacean waste, such as
crayfish meal, crayfish oil, natural pigments, and others
(Trukhin 1992, Shiryaev, 1997). Compared to fish meal,
crayfish meal contains slightly less protein, but more calcium
and phosphorus. Crayfish can be grown under industrial



Vasiliev et al.,

conditions in artificial reservoirs (Gamygin & Sazonova
1999; Kiyashko et al. 2016a). The organization of full-
fledged feeding of rainbow trout using new traditional feed
was also studied by many workers, (Guseva et al., 2018a
and Guseva et al. 2018b. Moskalenko et al, 2020).

MATERIAL AND METHODS

In 2017-2021 study was carried out to the effectiveness
of using high-protein feeds from crustacean processing
products in a closed-loop supply unit when feeding rainbow
trout. In this experiment, according to the principle of
analogs, 150 rainbow trouts with an average weight of
1240-1276 g were selected and placed by 50 in three
polypropylene pools with a volume of 5 m3 each. The
duration of the experiment was 120 days. The control
group received a complete sinking granulated compound
feed (OR). Trout from the 1* and 2™ experimental groups
received compound feed with crayfish meal from fresh
dried crayfish and crayfish meal from boiled dried crayfish
(Table 1).

Table 1. The experiment designs

Group Number Feeding
of fish type
Control 50 OR
1* experimental 50 OR with crayfish meal
from fresh dried crayfish
2" experimental 50 OR with crayfish meal

from boiled dried crayfish

Table 2. Chemical composition and nutritional value of
crayfish meal from crustacean aquatic organisms prepared
using different technologies

Fresh dried
crayfish meal

Boiled
crayfish meal

Indicator

Moisture content, % 9.50 9.70
Dry matter, % 90.50 90.30
Raw protein, % 42.28 42.83
Raw fat, % 2.49 2.20
Raw ash, % 28.10 27.67
Carbohydrates, % 5.00 5.82
Chitin, % 12.63 11.78
Energy, kcal 222.00 225.00
Calcium, % 19.47 19.67
Phosphorus, % 0.71 0.75

A weekly study of the growth and development rates
of rainbow trout was carried out based on the results of
control catches. At least 10 specimens were weighed on an
electronic balance. During the experiment, rainbow trout
were fed 4 times a day, with an interval of 4 hours at 7.00,
11.00. 15.00 and 19.00. In feeding, we used granulated
compound feed with a pellet diameter of 6 mm, which

corresponds to the weight of the fish. The feed composition
and nutritional value corresponded to the period of fish
breeding.

RESULTS AND DISCUSSION

The efficiency of fish rearing is determined by the
physicochemical properties of water since the course of all
vital functions in them depends on the state of the aquatic
environment. During the study, the average value of the
water temperature was 13.8 °C, and the water exchange
in one pool was 12850 I/h. Indicators of dissolved oxygen
values, hydrogen index (pH), also corresponded to the
requirements. Only with the use of high-quality feed
with sufficient concentration of energy and nutrients can
fish grow fast. Table 2 provides data on the chemical
composition and energy nutritional value of crayfish meal
from crustacean aquatic organisms prepared using different
technologies.

Table 3. Composition and nutritional value of compound
feed

Indicators Group

1st 2nd 3rd

(control) experimental lexperimental

Wheat flour, % 7 -
Sunflower cake, % | 22.5 20.0 20.0
Yeast, % 6.4 5.0 5.0
Fish meal, % 51.5 42.0 42.0
Vegetable fat, % 5 6.0 6.0
Fish oil, % 4.6 4.0 4.0
Molasses, % 1.0 1.0 1.0
Premix, % 1.0 1.0 1.0
Peltech, % 1.0 1.0 1.0
Raw crayfish - 20 -
meal, %
Boiled crayfish - - 20
meal, %
Total, % 100 100 100
Energy, kcal 331.0 329.9 328.5
Protein, g 46.0 459 46.0
Fat, g 16.0 15.8 15.8
Fiber, g 3.2 2.8 2.8
Calcium, g 2.4 5.9 5.9
Phosphorus, g 1.7 1.5 1.5
Carbohydrates, g 16.6 11.3 11.3
Ash, g 10.1 13.9 13.6
Price 75 66 67

The crayfish meal was made from substandard crayfish.
To included crayfish meal in the compound feed, two
compound feed formulations were developed, to which
crayfish meal was added. In the 1st experimental group, the
crayfish meal was made from freshly dried crayfish, and in
the 2nd group from freshly boiled and then dried crayfish.
The composition and nutritional value of compound feeds
are presented in Table 3.
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The composition of the diets differs in several ways. The
main component is fish meal and crayfish meal made from
freshly dried crayfish, and in group 2 from freshly boiled
and then dried crayfish. In the experimental groups, the
amount of fish or crayfish meal studied was 20%. All the
changes made in the composition of the compound feed
did not have a significant effect on the energy and protein
nutritional value of the compound feed or the content of fat
and phosphorus in them. The largest changes were observed
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in the level of calcium and carbohydrates. At the same time,
the technology itself practically did not affect the chemical
composition and nutritional value of the compound feed
used. Crayfish meal is much cheaper than fish meal, which
is reflected in the cost of compound feed. Evaluation of the
effectiveness of the use of crayfish meal in the composition
of compound feed was carried out based on the rate of
ichthyomass gain, as an indicator of paramount importance
for the development of fish (Table 4).

Table 4. Growth rates of hydrobionts

Indicator Group
1st (control) | 2nd experimental | 3rd experimental

Livestock heads 50 50 50
Total weight of fish at the beginning of the experiment, kg 62.4 62.05 61.3
Average live weight of 1 fish, g 1,248+14.2 12,41£6.3 1,226+11.0
Total weight of fish at the end of the experiment, kg 95.3 98.6 97.55
Average live weight of 1 fish, g 1,906+12.8 1,972+29.0%* 1,951+24.4
Weight gain per 1 fish, kg 0.658 0.731 0.725
Average daily gain per 1 fish, g 5.48 6.09 6.04

Figure 1: Muscle tissue of a trout participating in the
experiment

Table 5. Chemical composition of the muscle tissue of
rainbow trout, %

\Indicator Group
1st 2nd

control experimental | experimental
Initial 7222+0.45| 73.45+0.37 | 70.53+0.83
moisture
Dry matter | 26.69+0.43 | 25.47+035 | 28.22+0.86
Protein 19.87+1.44| 20.81+1.62 | 22.00+0.62
Fat 535+0.40 | 8.05+2.25 5.01 +£0.56
Calcium 0.06+0.01 | 0.07+0.02 0.05 +0.02
Phosphorus | 0.15+£0.01 | 0.14 +0.02 0.17£0.01*
*P>0.95.

The results of the conducted studies show that the total
and average live weight of 1 head at the beginning of
the experiment in all experimental groups did not differ
significantly (P> 0.05). At the end of the study, the fish stock
of'the second group had a larger ichthyomass and an average
live weight of 1 head, 98.6 kg, and 1972 g respectively,
versus 95.3 kg and 1906 g in the control group, and 97.55
and 1951 g in the third group. In terms of the average
daily gain, the fish of the first group were ahead of their
counterparts from the control group by 0.61 g, and from
the third group by 0.05 g. The use of raw materials with
different technologies for the preparation of crayfish meal
did not affect the safety of the fish. The morphological and
biochemical composition of blood quickly reacts to the level
and quality of nutrients and other substances coming from
outside. Therefore, monitoring changes in its indicators can
quickly establish irregularities in the organization of fish
feeding or the presence of various diseases.

When considering the biochemical parameters of the blood
of rainbow trout, during the period of the study, we did not
find significant and reliable changes in the studied blood
parameters. All of them were within the physiological
norms. This confirms the absence of a negative effect of
crayfish meal on the work and functions of the internal
organs of fish and the absence of pathological processes
in the body. To determine the effect of feed additives on
the formation of various organs and structures of rainbow
trout, a control slaughter was carried out. The fish were
dissected, and the head, skin, muscle tissue (Fig. 1), and
internal organs were separated.

Edible parts include the muscles, the liver, the caviar,
the milt. Inedible parts: the skin, the heart, the scales, the
gills, the alimentary tract, the kidneys, the air bladder.
Conditionally edible parts are the parts that become edible
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after heat treatment. These include the head, the bones, the
fins, and the cartilage. They are used for cooking fish soup
and aspic. Under the influence of raw crayfish meal in the
compound feed, the weight of all edible and conditionally
edible parts of trout reached higher values than in the
specimens with the diet that included boiled crayfish or the
control feed. The weight of the head and fins, the weight
of the skin, the weight of bones and muscle tissue in the
fish in the experimental group significantly exceeded those
parameters in the fish in the control group. It was found
that in fish fed with raw crayfish meal, the output of edible
parts was almost 2% higher than in the control group, and
the output of inedible parts in the experimental group was
less than in the control by 4%. The trout from the second
experimental group had a 1.62% more output of edible parts
than in the control group, and less edible parts by 4.14%
than in the control group.

The composition of compound feeds influenced the
concentration of amino acids, except for glycine and
arginine, the content of which in the muscles of fish of
all experimental groups was practically at the same level.
In fish with the diet that included raw crayfish meal, the
concentration of almost all amino acids had increased in
comparison with the control group and the second variant
of the experiment. At the same time, the data on the increase
in ichthyomass indicate that the addition of boiled crayfish
meal to the compound feed gives less effect than raw
crayfish meal. Probably, this can be explained by the fact
that the process of intermediate protein metabolism was
disturbed in the trout in the second experimental group.
The transamination reaction, as the main source of the
formation of new amino acids, is crucial to the intermediate

Table 6. Economic efficiency

metabolism of proteins. A disturbance in transamination can
result from a deficiency of vitamin B6 in the body, as this
vitamin is destroyed during heat treatment.

Determination of the amino acid score allows identifying
the limiting amino acid and taking appropriate measures to
eliminate its deficiency. It was found that in the muscular
tissue of trout with the diet where crayfish meal from raw
crayfish had been added, only 2 amino acids, lysine, and
isoleucine, were limited, and in the group where crayfish
meal from boiled crayfish had been added, the amino acid
score corresponded to a complete protein only in terms
of serine, histidine, and arginine. Thus, we can conclude
that raw crayfish meal provides the compound feed used
in rainbow trout feeding with almost all the essential
amino acids. At the end of the experiment, we performed a
chemical analysis of the muscle tissue of the rainbow trout
of the studied groups. The analysis results are presented
in Table 5.

Analyzing the data in Table 2, it can be noted that in terms
of the protein content in muscle tissue in individuals of the
2nd experimental group, this indicator was higher than in
other groups and amounted to 22.0%. The fat content in the
Ist experimental group exceeded the values of the control
group by 2.7%, and the values in the 2nd experimental group
were lower by 0.34% than in the control group. Regarding
the content of inorganic substances, such as calcium, no
significant differences were found between the groups. The
amount of phosphorus was significantly higher in the 2nd
experimental group and amounted to 0.17%. Economic
efficiency is the main criterion for introducing raw materials
into production (Table 6).

Indicator Group

1st (control) | 2nd experimental | 3rd experimental
The cost of 1 kg of compound feed, rub. 75 66 67
The amount of compound feed used, kg 39.69 39.478 39.37
Feed costs, rub. 2,976.60 2,605.55 2,637.79
Gross weight gain, kg 32.9 36.55 36.25
Feed costs per 1 kg of weight gain, rub. 90.47 71.29 72.77
Feed costs per 1 kg of weight gain, kg 1.21 1.08 1.09
Feed costs in the cost structure, % 40 40 40
Total cost per 1 kg of weight gain, rub. 226.19 178.22 181.92
The wholesale sale price of 1 kg of fish, rub. 350 350 350
The economic effect, rub. 123.81 171.78 168.08

The cost of compound feed in all groups had certain
differences. The difference between the cost of compound
feed in the control group and compound feed in the
experimental groups is especially noticeable. Due to the
higher cost of fish meal, the total cost of compound feed in
the first group was 75 rubles/kg, and in the second group, it
was 9 rubles less. Due to the cost of cooking crayfish, the
price of compound feed in the third experimental group had
increased by 1 ruble, compared with the second group, but

was still 8 rubles lower than in the control group. During
the experiment, all three groups were fed a relatively equal
amount of compound feed. Due to the price difference, the
total cost of feed during this period was not the same. The
difference between the control and experimental groups
was 371.05 and 338.81 rubles, respectively. This made it
possible to reduce feed costs by 1 kg of live weight gain
in the first group by 19.18 rubles, and in the second group
by 17.19 rubles.
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Considering the existing structure of the cost of weight
gain, the largest costs were recorded in group 1. To get
1 kg of weight gain, 226.19 rubles had to be spent. The
lowest indicator was obtained in the second experimental
group, where it was 178.22 rubles, or 47.97 rubles less
than in the control group and 44.27 rubles less than in the
3rd group. The calculation of the economic effect from the
use of crayfish meal in compound feed for rainbow trout
shows that in the control group it was 123.81 rubles, in the
second experimental group it was 171.78 rubles, and in the
third experimental group it was 168.08 rubles. The group
of economic indicators also includes the cost of feed to
obtain 1 kg of live weight gain. Due to the higher rate of
weight gain, this indicator in the control group was 1.21
kg, while in the second group it was 1.08 kg, and in the
third one 1.09 kg.

Studies have been carried out by several scientists on the
use of crab processing products in the diets of sturgeon
fish (Bakhareva et al., 2019). It has been proved that the
inclusion of 10% crab meal as a substitute for fish meal in
the composition of starter and production feed for sturgeon
fish allows increasing the weight gain of reared fish by 56%
and survival rate up to 81% while reducing feed costs. The
presence of shell-forming substances in the flour — chitin
and chitosan, as well as the carotenoid — astaxanthin —
promotes the synthesis of glycosaminoglycans and helps
restore bone and cartilage tissue (Bakhareva et al., 2019;
Moskalenko et al, 2020; Poddubnaya et al., 2020a).

The scientist Front (2002) assess the effectiveness of the use
of chitosan in fish feed, a natural biopolymer obtained from
the chitin of shells by means of a deacetylation reaction. It
has been found that chitosan and its preparations, presented
in dry form, exhibit high adhesive properties when added
to granulated feed for salmon, sturgeon, and cyprinids.
The use of freshwater crustacean meal in our studies,
as a high-protein component, including chitin, chitosan,
and the carotenoid pigment astaxanthin, in the feeding of
rainbow trout is another step in finding an alternative to
expensive fish meal. It is a cheaper feed component but no
less nutritious in fish diets (Trukhin, 1992; Shiryaev, 1997,
Shcherbina, & Gamygin, 2006; Moskalenko et al, 2020).

CONCLUSION

Thus, it follows from the results of the studies that the
introduction of high-protein feed made from crustacean
processing products in the form of crayfish meal into the
composition of the rainbow trout compound feed has a
positive effect on the increase in the live weight of fish,
reduces feed costs, does not change the biochemical
composition of blood, changes the chemical composition
of muscle tissue, and improves the amino acid score in
the Ist experimental group. Due to the relatively low cost
compared to fish meal, the use of crayfish meal reduces the
cost of compound feed and increases the economic effect
of rainbow trout rearing.
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