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Abstract. The potential to enhance the nutritional appeal of standard formulated feeds for rainbow trout by incorpo-
rating an additive with attractant and/or stimulant properties is demonstrated in the study. To assess the feeding behav-
ior of the fish the evaluation algorithm was developed using a specialized setup with two feeding points, along with
automatic video recording of the outcomes. The components within the feed additive (89% rapeseed oil, 4% hemp oil,
5% lycopene, and 2% cinnamyl aldehyde) not only aid in improving its palatability but can also have a positive influ-
ence on the fatty acid composition of the feeds. It was revealed that the feed additive (at quantities of 0.3% and 0.5%)
significantly augmented the attractiveness of the feeds resulting in an increased number of fish congregating in the
feeding area and an elevated consumption rate. The computation of the index of relative attractiveness allowed
to identify a noteworthy disparity between the experimental and control feeds. The data obtained from the study can
recommend the investigated comprehensive feed additive for enhancing the digestibility of standard fish feeds.
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AHHoTanus. ITokasaHa BO3MOXHOCTb YIydIIEHHS MHUILEBOI MPUBIEKATENPHOCTH KOPMOB CTaHAAPTHOH peLenTyphl
IUISL pagyKHOH (openu myTeM BHeceHUs 100aBKH, 00JIaJaloIell aTTpaKTaHTHBIMU H/WMJIM HHCAHTaHTHBIMH CBOMCTBa-
MH. [l71s OLIEHKH KOPMOBOTO ITOBEAEHHMS PHIO OBLT pa3paboTaH aJrOPHTM OLEHKH C MCHOJB30BAaHUEM CIICIUAIM3HAPO-
BAaHHOTO CTEHJA C JBYMsS TOYKaMH KOPMJIEHHS M aBTOMAaTHYECKOH (ukcanmed pe3ynbTaTtoB. Bxomsmue B cocTaB
KOPMOBOI1 o0aBKH KOMITOHEHTHI (89 % parcoBoro mMacia, 4 % KOHOIULTHOTO Macia, 5 % mukonuHa 1 2 % KOpUIHOTO
anp/IeTH1a) He TOJNBKO CHOCOOCTBYIOT YIYYIIEHHIO €r0 MOEAaeMOCTH, HO MOTYT MOJOKHTENBHO BIMATH HAa KUPHO-
KHCIIOTHBII cOCTaB KOpMOB. B pesynbrare mccienoBaHUsI OBLIO YCTAaHOBJIEHO, YTO BHECEHHE KOPMOBOH m00aBKM
(B xomuuectBe 0,3 u 0,5 %) DOCTOBEpHO MOBBIMIAET MPHUBIEKATEILHOCTh KOPMOB, YBEIHUYHMBAas KOJIMYECTBO PHIO
B KOPMOBOI1 30HE U CKOPOCTh M0€aeMOCTH. PacueT nHiekca OTHOCUTENBHOM NMPUBIEKATENbHOCTH MO3BOJIMI YCTaHO-
BUTB JOCTOBEPHOE PA3IMINE MEXK/Y ONBITHBIMU U KOHTPOJILHEIMU KOpMaMH. I1oirydeHHbIe JaHHBIE TIO3BOJISIOT PEKO-
MEHZIOBAaTh pa3pabOTaHHYI0O KOMIUIEKCHYIO NOOaBKY MV YJIYYIIEHHS IOEJAaeMOCTH KOPMOB, IPHTOTOBJICHHBIX IO
CTaHJAPTHOM penentype.
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Introduction

Feeding is a critical technological process in aqua-
culture. The efficiency of fish feeding in industrial aq-
uaculture is determined by numerous factors, each ex-
erting different effects on fish growth processes. When
designing industrial feed formulations special attention
is given to the nutrient composition, pellet size, and the
incorporation of mineral and vitamin premixes [1]. Bal-
anced feed formulations should yield high fish growth
rates with efficient feed utilization [2]. However, the
feed productivity values reported by manufacturers are
not always attainable in industrial aquaculture. The pri-
mary reasons for this discrepancy include non-
compliance with recommended feed pellet sizes, feed
losses due to deviations from feeding technologies [3],
and diminished feed attractiveness due to the presence
of various anti-nutritional. For instance, the incorpora-
tion of microbial protein and plant-based components
in feeds can significantly diminish the nutritional appeal
of feeds for specific fish species [4].

One of the most rapidly developing areas of feed
production for aquatic organisms cultivated in con-
trolled environments is the incorporation of additional
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components into feeds to enhance their productive char-
acteristics [5, 6]. The most prevalent components in-
clude probiotic and trace element additives [7], along-
side biologically active components [8]. Substances that
enhance the attractiveness and palatability of feeds are
considered promising for supplementation [2, 9]. This
category of additives encompasses extracts of plant
origin [10], diverse salts of bile acids [11], free amino
acids [12], saturated and unsaturated fatty acids, as well
as other low molecular weight (water-soluble) organic
compounds and certain protein components [13]. Pro-
tein hydrolysates and amino acids are likely recognized
by chemosensory cells as they could serve as stimuli for
specific recognition [9]. The impact of these compo-
nents on feed intake and physiological parameters
of fish species such as Oreochromis niloticus, Cyprinus
carpio, Ctenopharyngodon idella, and Ictalurus punc-
tatus was investigated.

Vegetable oils can serve as safe and effective sub-
stitutes for fish oil, a primary source of essential fatty
acids in fishmeal. Numerous studies have concentrated
on incorporating rapeseed oil and soybean oil into
feeds, demonstrating their effectiveness for omniv-
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orous and herbivorous aquaculture species [14], while
sometimes hindering feed intake in predatory fish spe-
cies [15]. It has been observed that introducing various
attractants and stimulants to aquaculture feeds signifi-
cantly enhances their nutritional appeal due to syner-
gistic effects [2].

Various behavioral assessment methods are exten-
sively employed to study the palatability of feed addi-
tives. Different automated behavioral techniques are
widely utilized both in laboratory settings and for
evaluating the feeding behavior of fish in industrial
aquaculture. The adoption of these methods facilitates
the monitoring of fish condition, alterations in size and
weight, feed intake, and shifts in behavior. Among the
primary approaches being developed are continuous
video monitoring, interactive automatic feeding sys-
tems that regulate the quantity of applied feed, the
utilization of infrared sensors, and several other sys-
tems (see Li et al. [16] for a comprehensive review).
Many of these systems have been adapted for fish fol-
lowing their successful application in domestic and
farm animals.

The pet food industry has long employed methods
to assess feeding behavior in order to ascertain the ap-
peal of different foods. Among the most widely utilized
methods is the selective choice from various feed for-
mulations (multiple bowl method) [17]. Similar tech-
niques have been previously employed for laboratory
testing of feeds in aquaculture, enabling the examination
of alterations in feeding behavior and the assessment
of the attractiveness of feeds and feed additives [16].

The objective of this study was to assess the devel-
oped feed additive based on plant extracts for its feed-
ing attractiveness and to test the application of the
feeding behavior evaluation method on rainbow trout
(Oncorhynchus mykiss).

Materials and methods

Animal maintenance. The research was conducted
at the infrastructural resource of the Unique Scientific
Unit (USU) with registration number 3662433, known
as the “Complex of Advanced Aquaculture and Hy-
droecology Technologies”, situated within the laborato-
ry named “Aquaculture Technologies”. This laboratory
falls under the Research Complex of Applied Aquacul-
ture and Fish Health (Aquaculture Center), which oper-
ates within the Faculty of Biotechnology and Fisheries
at the Moscow State University of Technologies and
Management (FCU). The research was conducted in
alignment with ongoing research programs under the
umbrella of the Research and Education Center titled
“Innovative Solutions in the Agroindustrial Complex”.
This center is part of the world-class scientific and edu-
cational establishment situated in the Belgorod region,
dedicated to the study of feeding and behavioral reac-
tions of freshwater aquaculture subjects.
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The rainbow trout from the “Adlerskaya” breed
group (Oncorhynchus mykiss), sourced from the fish
farm “Trout Paradise” LLC in the Belgorod region,
underwent preliminary acclimatization within the ex-
perimental Recirculating Aquaculture System (RAS)
at the aforementioned USU facilit

Experimental feed preparation. Experimental
feeds were produced using the feed section of the fac-
ulty through the cold pelleting method utilizing a two-
roll pelletizer named “ZLSP-120”. Concurrently, the
pelleted feed mixtures underwent drying in a dehydra-
tor until they reached a moisture content of 13%. The-
se feeds were prepared right before the experiment and
subsequently stored in a refrigerated chamber main-
tained at 4 °C. The primary feed was formulated fol-
lowing the standard trout feed formulation and fea-
tured a pellet size of 4 mm.

The components of the utilized feed additive includ-
ed rapeseed oil, lycopene extract, hemp oil, and cinnam-
yl aldehyde. These phytonutrients exhibit the potential to
positively impact several physiological parameters of the
growing subjects and possess attractant properties.
Building upon literature insights and preliminary exper-
iments (unpublished data), the following composition for
the feed additive was proposed: 89% rapeseed oil, 4%
hemp oil, 5% lycopene, and 2% cinnamyl aldehyde.

Rapeseed oil presents itself as a promising feed com-
ponent due to its balanced fatty acid composition and
cost-effectiveness. Hemp oil, comprising a blend of fatty
acids and other biologically active compounds [18], has
shown potential for enhancing several physiological
parameters while augmenting feed attractiveness [19].
Lycopene, a promising antioxidant with diverse bio-
logical activities, finds applications in both the food
industry [20] and aquaculture [8].

The incorporation of lycopene at the reported concen-
trations (15 and 25 mg) is not expected to adversely affect
the production and physiological parameters of rainbow
trout; instead, it can imbue the feed with a more vibrant
hue and enhance its palatability. Cinnamaldehyde, an
aromatic aldehyde compound found in cinnamon, show-
cases antibacterial, antifibrogenic, and antioxidant proper-
ties [21]. Its allure for certain farm animals and fish has
been noted by various researchers [22].

The experimental feeds were enriched with the
feed additive at two concentrations: 0.3 and 0.5 g/kg
feed (EF3 and EF5 abbreviation).

Experimental setup for evaluating feeding behav-
ior. To assess the feeding behavior of rainbow trout
when with formulated feed compositions, a model
experimental setup was constructed. This configura-
tion entailed a 6-meter-long, 0.5-meter-wide, and
0.5-meter-high pool, with a volume of 1.5 tons and
a 10% water exchange rate (Fig. 1).
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Fig. 1. Schematic diagram of a model experimental setup for evaluating feeding behavior of rainbow trout,
including basic elements: FZ1, FZ2 — feeding zones

The water temperature in the fish tanks was main-
tained at 16.3 + 0.7 °C, regulated by a Hailea HC-220BH
chiller (China, Guangdong Hailea Group Co., Ltd.). The
pH level was kept stable at 7.8 + 0.2. The oxygen concen-
tration remained above 8 mg/L, averaging 8.4 + 0.4 mg/L,
due to the implementation of an Armed 7F-10L oxygen
concentrator (Russia, Armed LLC).

The RAS was outfitted with a comprehensive filtra-
tion setup incorporating a 500-liter biofilter along with
a mechanical filter. Throughout the course of the experi-
ment, monitoring of the hydrochemical parameters of the
water was conducted to ensure compliance with the es-
tablished standards for cultivating rainbow trout. Over
the entire experimental period, the levels of ammonium
(0.1 £ 0.4 mg/l), nitrite (0.15 + 0.05 mg/l), and nitrate
(12.75 £+ 3.5 mg/l) remained well below the specified
limits. Water supply to the experimental tank was orches-
trated by drawing water from various sources to establish
a uniform rheophilic flow across the entire length of the
experimental tank. This approach aimed to yield depend-
able results for behavioral evaluations within the feeding
zones. For the experimental setup, a group of 10 rainbow
trout specimens, each measuring 22.3 + 0.1 cm in length
and weighing 158.2 + 11.6 g, was introduced into the
pool. Synchronized automatic feeders were strategically
positioned at the opposing ends of the pool. In one
of these feeders, control food was dispensed, while in the
second feeder, experimental food containing the feed
additive was provided. The feeding rate amounted to
36.34 g per day per fish biomass (18.16 g for the control
and 18.16 g for the experimental group).

The method devised for assessing feed attractive-
ness is built upon the foundation of prior research by
various scholars [23]. In these studies, the authors de-
lineated the key stages of fish feeding behavior and
elucidated the underlying principles for behavior regu-
lation. To capture the eating activities in the designat-
ed feeding zones (FZ1 and FZ2), webcams linked to
a computer were positioned alongside the feeders. This
setup facilitated the recording of food consumption.
By employing video recording to monitor fish behav-
ior within the experimental environment, the process
of data capture is automated and the subsequent data
analysis is streamlined [24]. Depictions of the experi-
mental setup are provided in Figure 1.
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Experimental design. During the feeding sessions
(conducted twice daily), the subsequent parameters
were meticulously recorded in accordance with the
methodology outlined by Geurden et al. [15]: fish pres-
ence near the feeders and within the field of view of the
webcams. These aspects were noted separately for each
of the two designated Feeding Zones (FZ1 and FZ2).
Specifically, the data collected encompassed the count
of fish and the duration required to completely consume
the feed portion, termed as the Complete Eating Dura-
tion (CED). Two distinct sets of experiments were un-
dertaken, each involving varying quantities of the feed
additive, denoted as EF3 and EF5. Furthermore, the
Relative Feed Eating Rate (RFR), determined by calcu-
lating the ratio of the fish count within the feeding area
to the time taken for feed consumption, was also com-
puted. For the purpose of differentiation, Control 1
(Conl) pertained to the assessment involving the feed
formulation EF3, while Control 2 (Con2) was linked
to the feed formulation EFS5.

The Relative Preference Coefficient (RP) was used as
an integral indicator of food attractiveness. This indicator
reflects the number of fish in a feeding zone relative
to the average number of fish in the same zone during the
adaptation period. This coefficient was calculated sepa-
rately for the testing period and the validation period.

The experiment extended over a span of 17 days for
each of the experimental concentrations. The experi-
mental design adhered to the subsequent schedule: Days
1 to 3 (adaptation period): A period allocated for adapt-
ing to the feeding regimen. As established by the
research of other scholars, fish typically require up
to 7 days to adjust to the prevailing conditions and feed-
ing schedule [15]. Feeding transpired twice daily, spe-
cifically at 11 : 00 AM and 6 : 00 PM. Preliminary as-
sessments of feeding behavior revealed that the maxi-
mum duration for consuming a feed dose was 200 se-
conds. Guided by this observation, the primary experi-
ment involved a 5-minute video recording interval
to monitor feeding behavior. 4-10 days (experimental
period). This phase encompassed the testing period,
constituting the core of the experiment. Throughout
each day, the fish were randomly distributed within the
tank, displaying minor movements linked to foraging
activities and the selection of an optimal rheophilic re-
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gime. Upon the activation of the automated feeders, the
following parameters were meticulously recorded: the
fish count in the distinct feeding zones (FZ1, FZ2), the
rate of complete food consumption, and the behavioral
responses of rainbow trout concerning the feed. These
recordings were performed over a 5-minute timeframe.
11-17 days — validation period. This period was desig-
nated as the validation period. During this phase of ex-
perimental feeding, the positions of the experimental
and control feed groups were interchanged. This strate-
gic switch aimed to prevent the formation of enduring
conditioned reflexes among the fish. The primary objec-
tive of this testing interval was to affirm the consistent
presence of stable attractant properties within the evalu-
ated feed additive.

Statistical analysis. Statistical analysis was per-
formed using R software (v3.5.2)/RStudio and GraphPad
Prism version 8.0 software (GraphPad, San Diego, CA,
USA). Data in the tables are presented as mean + SD,
p value < 0.05 was taken as statistically significant. Data
were tested for normality and homogeneity of variance
using the Shapiro-Wilk test and Bartlett's test, respective-
ly. If the data conformed to normal distribution, the un-
paired #-test with Welch's correction was used when
comparing two samples, and the Mann—Whitney test was
used for non-normal samples.

Results

Feeding behavior in adaptation period. During the
adaptation period, when provided with the control food, the
fish displayed random positioning within the feeding zones
during feeding times, without exhibiting any distinct pref-
erence. At other instances, the trout engaged in exploratory
behavior, manifesting as movement throughout the tank
area with minor pauses occurring within the feeding zones.

Over the span of 1-3 days, a total of 6 measurements
were conducted, corresponding to the number of feed-
ing instances. These measurements yielded numerical
data. The count of fish within the feeding areas during
feeding moments exhibited no notable variation be-
tween the recorded results and throughout the entirety
of the adaptation period, revealing no substantial differ-
ences. The numerical findings from the measurements
of trout behavior have been detailed in Table 1.

Feeding behavior when using EF3 feed additive.
Starting from the 4th day, one of the feeders saw the in-
troduction of the experimental formulation. In the initial
series of experiments (EF3 — 0.3%), a discernible shift in
feeding behavior was observed. A noteworthy rise in the
number of fish within the feeding area fed with the exper-
imental feed was evidenced when compared to the con-
trol group (Conl) (p < 0.05; see Fig. 2, a).

Table 1

Results of evaluation of feeding behavior of rainbow trout using control feed formulation
(adaptation period, 1-3 days)

Results on 1-3 days of experiment (adaptation period)
Measured parameter Control 1 Control 2
Number of fish in Z1 4.83 £0.75 4.66 +£1.03
Number of fish in Z2 5.16 £0.75 5.33+1.03
CED FZ1,s 144.50 £ 18.27 131.50+10.25
CED FZ2,s 125.75+4.23 123.66 +£15.48
RFR FZ1, s 30.65+6.77 29.24 £6.19
RFR FZ2,s 2575+4.23 23.84 +4.94
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Fig. 2. Measured parameters of feeding behavior of a rainbow trout during the testing and validation period for the first series
of experiments (EF3): a, d — number of fish in the feeding area; b, e — time of food eating, CED,; c, f— relative attractiveness
of the food, RP; ns — no significant difference; * — significant difference by #-test with Welch's/Mann—Whitney correction
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Over the period spanning from the 4th to the 10th
day, the mean fish count within the FZ2 zone amounted
to 5.7 £ 0.8. Within the first experimental series, the
control group exhibited the lengthiest feeding behavior

duration (146.2 + 18.2 s), exhibiting significant dispari-
ty from the experimental group's 121.9 = 1.8 s (p < 0.05;
refer to Fig. 2, b; Table 2).

Table 2

Estimation of rainbow trout feeding behavior using control and experimental feed formulation
in the first experimental series (EF3)

Results on 4-17 days of experiment

Measured parameter 4-10 days 11-17 days
Number of fish in FZ1 4.21+£0.80 5.85+0.77
Number of fish in FZ2 5.78 £0.80 4.14+0.77
CED FZ1, s 146.28 + 18.23 125.42 £ 16.15
CED FZ2, s 124,78 + 15.35 141.42 £26.32
RFR FZ1, s 35.83+3.97 21.76 £5.56
RFR FZ2,s 21.99 +1.81 35.20+12.00
RP FZ1, % 87.19 £16.02 121.18 +£10.34
RP FZ2, % 111.98 +15.51 80.18 +14.9

Utilizing the numerical data, the Coefficient of Rela-
tive Feed Preference was computed, yielding a value
of 111.9 £ 15.5%. This value significantly exceeded the
values recorded in the control group (p < 0.05; see
Fig. 2, c¢). The feed containing 0.3% feed additive
not only significantly decreased the feeding duration
but also notably increased the fish count within the feed-
ing area.

The validation period, initiated on the 11th day
of the experiment with the interchange of the positions
of feeders containing experimental and control feed,
saw its commencement. Over the initial three days, the
fish exhibited no discernible preference for either feed-
ing zone, mirroring the behavior observed during the
adaptation phase. Subsequently, an escalation in the
number of fish within the feeding zone featuring the
experimental food (FZ1) was noted. The average fish
count within FZ1 significantly surpassed that of the
control group (p < 0.05; Fig. 2, d). Nevertheless,

no noteworthy distinctions in the duration of feed con-
sumption were recorded (Fig. 2, e).

The relative speed of feed consumption within the
experimental group averaged at 21.76 + 5.5 seconds,
representing a considerable 61.7% reduction compared
to the pace of control group feed intake (p < 0.05;
Table 3). The computation of the index of relative feed
attractiveness revealed that the experimental feed signif-
icantly (p < 0.05) exceeded the control parameters, with
an attractiveness index of 121.1 = 10.3% (Fig. 2, f).

Feeding behavior when using EF5 feed additive. In
the second series of experiments, where the feed addi-
tive dosage was elevated to 0.5% (EFS5), akin outcomes
were achieved. Hence, throughout the testing period, the
mean fish count within feeding zone FZ2 when admin-
istered the experimental feed averaged 6.07 £+ 0.92. This
count surpassed the value observed within the control
feeding zone (Con2) (p < 0.05; Table 3).

Table 3

Estimation of rainbow trout feeding behavior using control and experimental feed formulation
in the first experimental series (EF5S)

Results on 4-17 days of experiment

Measured parameter 4-10 days 11-17 days
Number of fish in FZ1 3.92+0.91 5.71 £0.99
Number of fish in FZ2 6.07+0.91 4.28 £0.99
CEDFZ1,s 137.07 £15.51 127.64 +17.75
CEDFZ2,s 118.07 £ 13.65 143.92 £ 15.19
RFR FZ1, s 3736 +17.17 22.85+4.61
RFR FZ2, s 19.83 +2.78 35.48 £7.80
RP FZ1, % 84.18 £20.22 122.44 + 18.55
RP FZ2, % 113.83 £17.19 80.35 + 18.64

A markedly longer duration and relative pace
of feed consumption were evident in the control feed
compared to the experimental counterpart. The relative

feed attractiveness within the feeding area containing
the experimental feed was significantly higher than the

controls (p < 0.05; Fig. 3, ¢).
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Fig. 3. Measured parameters of feeding behavior of rainbow trout during the testing and validation period for the first series
of experiments (EF5): a-f— see fig. 2

The overarching trends in feeding behavior did not
exhibit noteworthy variations from those documented
in the initial series of experiments. Enhanced behav-
ioral engagement was noted among fish within the
feeding zone featuring the experimental feed.

Throughout the validation period, a significant in-
crease was observed in the number of fish within the
feeding zone with the experimental feed (FZ1), in con-
trast to the control (Fig. 3, d; p < 0.05). Concurrently,
a decrease in the fish count within the control feeding
zone (FZ2) correlated with protracted feed consumption
durations and a diminished rate of ingestion (Fig. 3, e),
presenting noteworthy distinctions compared to the
feeding zone featuring FZ1 feed.

The computation of the relative preference coeffi-
cient facilitated the identification of a substantial index
surplus within the experimental group when juxta-
posed against the control formulation. During this
stage of the experiment, the fish predominantly posi-
tioned themselves within the feeding zones throughout
the entire duration, likely as a consequence of develop-
ing a conditioned reflex, which served to delimit the
experiment's timeframe.

Discussion

The data acquired during the course of this study
unequivocally demonstrate that the chosen formulation
of the feed additive instigates a discernible alteration
in feeding behavior. This change is characterized by
a consistent preference exhibited by the experimental
fish for the provided sustenance, contrasting the be-
haviors of the control groups. This preferential tenden-
cy persisted over the validation period, thereby affirm-
ing the presence of attractive attributes within the scru-
tinized feed additive. It is conceivable that the compo-
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nents integrated into the developed additive exerted
a notable influence on the food's allure, largely at-
tributable to their interaction with the olfactory and
gustatory receptors of rainbow trout. Additionally, the
increase in number of fish within the feeding zone
featuring the experimental feed might be ascribed
to the potential release of water-soluble constituents
into the aquatic environment.

Plant essential oils consist of aromatic volatile com-
pounds that possess the potential to influence the feeding
behavior of fish [2, 22]. Cinnamaldehyde, categorized as
an essential oil, has been reported by several researchers
as a noteworthy food attractant across diverse animal
species [25]. Multiple studies have illustrated that the
incorporation of cinnamon aldehyde into feed yields
growth enhancement [26]. This enhancement is attribut-
ed not solely to its impact on nutrient digestion and ab-
sorption, antioxidant capabilities, and immune status, but
also to its favorable influence on appetite.

Various systems play integral roles in the regula-
tion of feeding behavior: (i) receptors tasked with de-
ciphering signaling molecules emanating from both the
external and internal environments, and (i7) the hypo-
thalamic-pituitary system, which amalgamates incom-
ing signals to facilitate neurohumoral regulation. No-
tably, the hypothalamus generates humoral factors that
either stimulate or curb food intake. A pivotal charac-
teristic of receptors lies in their exclusive transmission
of information pertaining to biologically consequential
chemical stimuli, a feature that stems from the evolu-
tionary progression of chemospecificity [9]. The ap-
prehension of minute quantities of molecules, such as
individual fatty acids constituting a fractional portion
of food components (0.3 and 0.5%), is aptly executed
by olfactory receptors.
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The devised experimental protocol for appraising
the attractiveness of artificial feeds has effectively un-
veiled substantive contrasts in feeding behavior contin-
gent on varying feed compositions. The fixation of mul-
tiple parameters coupled with the precise experimental
phase has facilitated the direct quantification of these
parameters, thereby yielding intricate indices of feeding
preference. Noteworthy about this evolved assessment
framework is its emphasis on commercial aquaculture
feeds at the juncture of their conception [27]. Prevailing
methodologies have primarily been employed to inves-
tigate physiological and ethological dimensions of feed-
ing behavior [3].

The more streamlined and concise experimental
design presented within this paper, featuring an ex-
panded array of data collection points, yields result
that align well with other, more intricate methodolo-
gies. Capitalizing on the developed experimental set-
up, beyond the scrutinized parameters, more intricate
investigations into feeding behavior become plausible.
These include studies concerning individual/group
taste preferences, assessments of attractant impacts on
diverse stages of feeding behavior, and the dynamics
of group interactions during feeding instances. Such
endeavors will require improvements to the video re-
cording system, adjustments to the adaptation and test-
ing durations, as well as simultaneous testing across
multiple setups. It might also be imperative to fine-
tune the experiment's overall duration and individual
stages (adaptation, testing, validation) to preempt the
development of feeding reflexes in the fish.

The evident enhancement in feed consumption ob-
served among the experimental groups of fish encour-
ages further exploration of the feed additive's compo-
nents, permitting their introduction in larger propor-
tions. This progression offers the potential for refining
the fatty acid composition of composite feed, as well
as substituting fish oil and synthetic phospholipids
with ecologically sourced constituents. An inherent
constraint regarding the integration of vegetable oils in
feed lies in their limited content of long-chain polyun-
saturated fatty acids (w-3), which are essential for fish.
Their deficiency can precipitate compromised receptor
cell sensitivity and the degradation of muscle tissue
quality. Studies have demonstrated that substituting
a portion of fish oil with vegetable oils (below 30-50%)
in salmonid fish diets does not compromise growth per-
formance [14]. Certain plant-derived fatty acids can
undergo desaturation and elongation processes in specif-
ic freshwater fish species, converting into the requisite
bodily fatty acids [28-30].

The feed additive employed in this study did not ex-
ert any influence on the fatty acid composition of the

feeds due to its low content (300 and 500 g/kg). None-
theless, hemp and rapeseed oil contained n-3 fatty acids
up to 22 and 13%, respectively, surpassing soybean and
olive oil (8 and 1%), yet trailing behind linseed oil
(60%). Consequently, the utilization of elevated concen-
trations of the explored components (up to 30% re-
placement of the fat component of the feed) could po-
tentially contribute not only to heightened digestibility
but also to an improved growth rate via an augmented
energy value of the feed.

The observed feed attractiveness is susceptible to al-
teration as the fish mature and through the process
of “habituation”, which might necessitate the refinement
or substitution of active components to achieve the in-
tended outcome. Physiologically, receptor cells can
reach a threshold beyond which further increases in
stimulus concentration result in diminishing responses.
Prolonged exposure to feeds of a specific formulation
can lead to habituation in certain instances. Consequent-
ly, fish might exhibit a preference for “more familiar”
feeds over new feeds, even if the latter possess a more
comprehensive composition. One could assert that the
maximum impact on fish rearing from the utilization
of the developed feed additive will likely be realized in
cage-based fish farming, where losses stemming from
unconsumed feed are minimal.

Conclusion

Following this study, the feed additive designed for
rainbow trout, comprising rapeseed and hemp oils,
lycopene, and cinnamon aldehyde, exhibited evident
attractant and possibly insitant properties. The formu-
lated experimental procedure and apparatus enabled
the assessment of disparities in the nutritive allure
of industrial pelleted feeds for rainbow trout by moni-
toring factors such as the duration of fish presence in
the feeding region, the number of fish, and the pace
of feed consumption (both during the test period and
validation period). The integration of the developed
feed additive into the standard feed composition, at
concentrations of 0.3 and 0.5% of the feed weight,
significantly influenced the dietary preference of trout
within the simulated environment. Notably, no notable
distinction emerged between the two examined con-
centrations (0.3 and 0.5%) across the scrutinized pa-
rameters. However, it's noteworthy that the higher at-
tractant concentration did incite a modification in fish
behavior, manifesting as the congregation of fish with-
in the feeding zone between feedings. Based on the
acquired findings, we are inclined to endorse the adop-
tion of the developed additive for enhancing the palat-
ability of trout feed created according to the conven-
tional formulation.
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