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Abstract—New data on the effect of additional lighting on the lipid profile of Atlantic salmon 0+ fingerlings
during growth and development under artificial cultivation in fish farming conditions were obtained. The
influence of different lighting modes, such as standard farming lighting conditions (control), experimental
modes of 16 h of light and 8 h of dark (16 : 8), and constant lighting (24 : 0), were studied. Specific modifi-
cations of the lipid profile—mainly in the content of structural lipids (phospholipids) as well as indexes of the
ratios of structural and reserve lipids: the cholesterol/phospholipids (Chol/PL) and triacylglycerols/phos-
pholipids (TAG/PL)—were found in the fingerlings whose development took place under the conditions of
experimental photoperiod regimes. These changes were more pronounced in young salmons cultivated under
round-the-clock lighting (24 : 0).
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INTRODUCTION
Light, as an abiotic factor, affects various aspects of

fish life. Each species of fish is characterized by an
optimal regime of lighting, which improves the physi-
ological state of the body and accumulation of body
mass. Because of this, regulated light modes that affect
the growth and development of young fish are often
used in artificial cultivation of young salmon and other
fish species (Villarreal et al., 1988; Mäkinen and Ruo-
honen, 1992; Boeuf and Le Bail, 1999; Taylor et al.,
2006; Björnsson et al., 2011). In studies on juvenile
fish (trout, silver carp, carp, pike) grown under vari-
able lighting conditions (artificial and natural light),
the difference in higher growth rate and maximum
survival is shown (Vlasov et al., 2013). For example, in
cyprinids, the efficiency of food conversion increases
with 24-h lighting (Ruchin, 2012); in sturgeon muscles
under variable conditions (12-h light change), the
content of lipids and proteins increases, while their
water content decreases (Ruchin, 2007). It is shown
that increasing the lighting regime from 8 to 16 h stim-
ulates the growth and development of young salmon
fish and increases the efficiency of food consumption
and its conversion (Clarke, 1981; Brett, 1983). The
previous life conditions of young salmon (0+ finger-
lings), associated with changes in temperature and the
duration of the lighting period, may further affect the
timing of smoltification of 2-year-old salmon (1+)

(Metcalfe and Thorpe, 1990), which is important for
their farming since the release of young fish into the
natural environment to maintain the natural popula-
tion of Atlantic salmon occurs at this age.

It is known that lipids largely provide adaptive abil-
ities of the organism in response to specific conditions
of the artificial environment, including photoperiod,
temperature, aeration of the environment, etc. (Mur-
zina et al., 2009; Nemova et al., 2020) and, thus, can
be considered as indicators of growth and develop-
ment of viable juvenile salmons. In this paper, we eval-
uated the effect of different lighting modes (standard
farming lighting as control and experimental modes:
16 h of light and 8 h of dark (prolonged lighting), 24 h
of constant lighting on the lipid profile and growth of
Atlantic salmon fingerlings (0+) under artificial culti-
vation conditions.

MATERIALS AND METHODS
In July, when the corresponding weight (0.96–1.00 g)

was reached, fingerlings (0+) of Atlantic salmon were
transferred from the incubation center to the growth
pools of the Vygsky Fish Factory (Republic of Kare-
lia). After a week of adaptation, an experiment on the
effect of different photoperiod modes (standard farm-
ing conditions as control, modes 16 : 8 and 24 : 0) on
the lipid profile of salmon fingerlings was conducted
105
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Fig. 1. Scheme of the experiment to study the effect of different photoperiod regimes on the lipid profile of Atlantic salmon fin-
gerlings grown in the conditions of the Vygsky fish hatchery.
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in early August. Later, samples of young salmon for
biochemical analysis of lipids were taken twice: in Sep-
tember and October. Young salmon were kept in 2 × 2 m
pools. Two pools were determined for each of the
experimental lighting study modes as well as for the
standard farming mode (control). An equal number of
fish were taken from each pool with the appropriate
lighting mode to form a mixed sample (n = 20). Thus,
three groups of fish were studied: control group (the
standard farming lighting mode), experimental groups
with 16 : 8 (16 h of light and 8 h of dark), and 24 : 0
(24 h of constant light). The description of lighting
modes was previously presented in the work of
Nemova et al. (2020), in which data on fatty acids and
body mass in juvenile salmons in the photoperiod
experiment were discussed. The scheme of the experi-
ment is represented in Fig. 1.

The experimental pools were equipped with two
LED lights (Aquael leddy smart led sunny, 6 W, 6500 K),
while to create dark, the pools were covered with a
black, nontransparent film. Mode switching was per-
formed automatically with the help of timer sockets
(Feron TM-50). All other conditions of maintenance
for all pools were identical: planting density, feeding
regime and nutrition (according to the needs of the age
group), preventive actions, and care. We used com-
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mercial BioMar Inicio plus feed (Biomar, Danmark)
(starter feed for 0+ fingerlings) for young salmon
grown in the factory.

The number of fingerlings contained in the pools
was: 7541 in control, 7361 in the 16 : 8 mode, and 7400
the 24 : 0 mode. The water supply to the pools was
from Matkozhnensky reservoir (Nizhny Vyg River).
The temperature regime was natural. The temperature
values for the study period were 18.2–13.8°C in
August, 13.8–9.8°C in September, and 9.8–2.4°C in
October. The experiment was conducted until the end
of October. Fish samples (fish carcasses) for lipid
analysis were taken at the end of each month.

The fish weighing was carried out every month (3–
5 times a month) at the fish farm. Chipping of finger-
lings individually was not carried out due to their small
size, so data on the mass of fish were obtained from the
results of repeated weighing of 70–100 individuals
together. The average weight of young salmons (0+) at
the beginning of the study in different pools was:
0.96 ± 0.07 in the control, 1.00 ± 0.04 in the 16 : 8
mode, and 0.96 ± 0.03 in the 24 : 0 mode. During the
entire period of the experiment, 465 samples of finger-
lings were collected. In addition, it should be noted
that the “waste” in the pools with experimental light-
ing was lower compared to the control (139 animals or
EVELOPMENTAL BIOLOGY  Vol. 52  No. 2  2021
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1.84%); it was 45 animals (0.61%) in the 16 : 8 mode
and 72 (0.97%) in the 24 : 0 mode.

Lipid extraction from samples (f lesh) of juvenile
salmons was performed using the Folch method
(Folch et al., 1957) and Kates method (Kates, 1975).
The lipids were then concentrated using a Heidolph
Hei-Vap rotary vacuum evaporator (Germany). The
extracted total lipids and fat-free residue, including
proteins, carbohydrates, nucleic acids, amino acids
and microelements were dried to a constant mass.

Qualitative and quantitative determination of indi-
vidual lipid classes was carried out using the method of
high-performance thin-layer chromatography (HPLC).
The fractionation of total lipids was performed on
glass-based plates, HPTLC Silicagel 60 F254 Premium

Purity (Merck, Germany). The application of the lipid
extract was carried out using a semiautomatic applica-
tor Linomat 5 (CAMAG, Switzerland) with a 100 μL
microinjector by the streak technique. The solvent sys-
tem hexane-diethyl ether-acetic acid (32 : 8 : 0.8 by
volume) was used as eluent as well as a solution for sat-
uration of the ADC2 chromatographic chamber
(CAMAG, Switzerland) (Olsen and Henderson,
1989). Saturation of the chromatographic chamber
was carried out for 20 min with simultaneous humidity
control (10 min), after which the plate was saturated
(20 min). The distance of the mobile phase was 80 mm
(Rf final = 80 mm), and the plate was dried for 5 min.
The appearance of lipid spots was carried out in a solu-
tion of copper sulfate (CuSO4) with orthophosphoric

acid (H3PO4) and by heating the plate to 160°C for

15 min (Hellwig, 2008). Qualitative and quantitative
determination of lipid components was performed in
the chamber of the TLC Scanner 4 densitometer
(CAMAG, Switzerland) on a deuterium lamp at a
wavelength of 350 nm in the adsorption mode (Hell-
wig, 2008). Identification of lipid classes was carried out
according to the reference standards of the correspond-
ing components (Sigma-Aldrich, United States), taking
into account the compliance of Rf values. Total lipids
were analyzed as total phospholipids (PL), triacylglycerols
(TAG), diacylglycerol (DAG), cholesterol (Chol), cho-
lesterol esters (Chol esters), and non-esterified fatty
acids (NEFA).

The composition of individual phospholipids: phos-
phatidylcholine (PC), phosphatidylethanolamine
(PEA), phosphatidylserine (PS), phosphatidylinositol
(PI), sphingomyelin (SM) and lysophosphatidylcho-
line (LPC) was analyzed by high-performance liquid
chromatography on a Nucleosil 100-7 steel column
(Elsico, Moscow) using acetonitrile–hexane-metha-
nol-orthophosphoric acid (918 : 30 : 30 : 17.5) eluent.
Detection was performed by the degree of light
absorption at 206 nm (Arduini et al., 1996). The ratio
between the components was estimated by the values
of the peak areas on the chromatograms.

Data in Tables 1 and 2 are represented as M ± SE
(arithmetic mean error). The results were processed
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using the nonparametric Wilcoxon–Mann–Whitney
Rank Sum Test method in the open R software envi-
ronment (Korosov and Gorbach, 2007). The differ-
ences are considered significant at p ≤ 0.05.

The research was carried out on the basis of the lab-
oratory of ecological biochemistry and using the
equipment of the Equipment Sharing Facility of the
Karelian Research Center (Russian Academy of
Sciences).

RESULTS

The results of studies on the effect of different pho-
toperiod modes on the lipid profile of salmon finger-
lings during its artificial cultivation are presented in
Tables 1 and 2.

The lipid profile did not significantly differ in the
content of total lipids (within 26.59–27.13% of dry
weight), including total PL (3.69–4.02%) and DAG
(1.22–1.24%) in fingerlings from three pools with dif-
ferent lighting conditions, including the control one,
picked in September. Statistically significant decrease
of Chol, minor PI and PS in the 16 : 8 and 24 : 0 modes
was observed as were and the reduction of LPC and
Chol esters in the 24 : 0 mode and also decrease in
Chol/PL index in the 16 : 8 mode. Moreover, the con-
tent of TAG and the TAG/PL index increased in fin-
gerlings in the case of the 16 : 8 lighting mode, and the
content of SM and NEFA increased in the case of the
24 : 0 mode compared to the control. The greatest
changes in the lipid profile of fingerlings in September
were found at the 24 : 0 mode. The decrease at the dif-
ferent degrees of certain lipid classes (PI, PS, LPC,
Chol esters) in juvenal fish positively correlated with
an increase of NEFA. At the same time, salmon fin-
gerlings in September showed an increase in size and
weight characteristics at the 24 : 0 mode: 2.62 g and
6.18 cm vs. 2.51 g and 6.09 cm in the 16 : 8 mode and
2.47 g and 6.12 cm in the control.

In the fingerlings selected in October, in general,
under all modes, including control, an increase in the
content of TL (within 32.72–34.23% of dry weight),
including the dominant reserve TAG (18.26–19.77%),
as well as PL and Chol, compared to September was
noted. The main changes in the lipid spectrum under
the influence of two photoperiod modes (relative to
the control) were observed in fingerlings adapted to
the 24 : 0 mode and were associated with a decrease in
the content of structural PL (including PC, LPC),
DAG, and Chol esters and an increase in NEFA,
Chol/PL, and TAG/Phl indexes. At the same time, a
significant increase in the content of Chol and NEFA
and a decrease in Chol esters was found in fish at the
16 : 8 mode relative to the control. In fingerlings whose
growth and development were at the condition of 24 : 0
photoperiod mode, there was a tendency to increase in
weight: 3.74 g vs. 3.50 g at the 24 : 0 mode and vs.
3.68 g at control mode.
 Vol. 52  No. 2  2021
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Table 1. Content of total lipids and lipid classes (phospholipids, triacylglycerols, diacylglycerols, cholesterol esters, choles-
terol, non-esterified fatty acids) (% of dry weight) in young Atlantic salmon (Salmo salar L.) grown at the Vygsky fish hatch-
ery under different lighting conditions. Designations: n—number of samples; 16 : 8—16 h of illumination and 8 h of dark;
24 : 0—constant illumination; TL—total lipids; PL—phospholipids; TAG—triacylglycerols; DAG—diacylglycerols; Chol
esters—cholesterol esters; Chol—cholesterol; NEFA—non-esterified fatty acids

* Size and weight characteristics of fingerlings taken for biochemical analysis; A the differences are significant (p ≤ 0.05) from those in

fish in September; 1 the differences are significant (p ≤ 0.05) from those in fish grown under farming conditions lighting (control); 2 the

differences are significant (p ≤ 0.05) from those in fish grown under the 16 : 8 mode.

Month September October

Lighting mode control 16 : 8 24 : 0 control 16 : 8 24 : 0

n 20 20 20 20 20 20

Mass,* g 2.47 ± 0.09 2.51 ± 0.08 2.62 ± 0.19 3.68 ± 0.13A 3.50 ± 0.15A 3.74 ± 0.24A

Mass,* min–max 1.88–3.09 1.90–3.01 1.55–4.30 3.04–4.7 2.58–4.94 2.49–5.45

Length (TL),* cm 6.12 ± 0.05 6.09 ± 0.07 6.18 ± 0.14 7.16 ± 0.08A 7.04 ± 0.10A 7.12 ± 0.14A

Length (TL),* cm 

min–max

5.8–6.5 5.5–6.4 5.4–7.3 6.72–7.73 6.44–7.92 6.22–8.15

TL 27.13 ± 0.34 26.80 ± 0.91 26.59 ± 0.39 32.81 ± 0.87A 34.23 ± 0.78A 32.72 ± 0.94A

PL 4.02 ± 0.08 3.69 ± 0.13 3.84 ± 0.07 5.66 ± 0.36A 5.67 ± 0.13A 4.68 ± 0.11A1, 2

DAG 1.22 ± 0.03 1.22 ± 0.06 1.24 ± 0.03 1.37 ± 0.10 1.26 ± 0.04 1.15 ± 0.031, 2

Chol 3.64 ± 0.04 3.19 ± 0.111 3.45 ± 0.061, 2 4.35 ± 0.12A 4.80 ± 0.09A1 4.55 ± 0.11A2

NEFA 1.48 ± 0.06 1.49 ± 0.07 1.80 ± 0.071, 2 0.72 ± 0.04A 0.89 ± 0.04A1 0.95 ± 0.04A1

TAG 15.00 ± 0.22 15.34 ± 0.521 14.85 ± 0.232 18.26 ± 0.73A 19.39 ± 0.56A 19.77 ± 0.69A

Chol esters 1.77 ± 0.05 1.86 ± 0.08 1.41 ± 0.051, 2 2.45 ± 0.15A 2.20 ± 0.13 1.63 ± 0.06A1, 2

Chol/PL 0.91 ± 0.02 0.87 ± 0.011 0.90 ± 0.02 0.79 ± 0.03A 0.85 ± 0.01 0.97 ± 0.01A1, 2

TAG/PL 3.75 ± 0.06 4.17 ± 0.071 3.87 ± 0.032 3.4 ± 0.21 3.43 ± 0.09A 4.22 ± 0.08A1, 2
DISCUSSION

Lipids are not only structural components of any
organisms and a source of energy but also perform sig-
naling functions, modulating the activity of cellular
enzymes. Therefore, modifications of the lipid envi-
ronment of organisms caused by the influence of var-
ious factors affect several physiological processes,
including growth and development (Hochachka and
Somero, 2002; Arts and Kohler, 2009). The results of
studies on the influence of lightning modes on the
lipid status of Atlantic salmon fingerlings indicate
that, in fingerlings in September, with the background
of no changes in the content of TL, total PL, and
DAG, a decrease in Chol and its reserve form Chol
esters, as well as minor PL (PI, PS, LPC) was
observed, which positively correlates with an increase
(1.2 times) in NEFA. These changes are more pro-
nounced in fingerlings kept in pools with a 24 : 0 pho-
toperiod. The established modifications indicate more
active metabolic processes in fish organisms in condi-
tions of 24-h lighting. When physiological processes
are activated in fish, fatty acids are rapidly mobilized
RUSSIAN JOURNAL OF D
from lipids, forming a pool of NEFA, providing them
with an influx of energy (Sautin, 1989). Increased oxi-
dative reactions in individual lipids could well lead to
an increase in SM (two fold), which contributes to the
rigidity of biomembranes and can be considered as a
compensatory reaction to prolonged lightening.

The combination of changes in individual classes of
Phl, especially minor ones, which are known to medi-
ate many signaling mechanisms of regulation of the
most important metabolic processes, is apparently
aimed at ensuring the adaptation of salmon fingerlings
in response to the impact of such a powerful physical
factor as continuous lighting. With an increase in the
duration of daily light, young fish most effectively
metabolize food and are characterized by higher via-
bility and growth rate (Vlasov et al., 2013). In our
experiment, salmon fingerlings in September at the
24 : 0 mode had a relatively better weight and length:
2.62 g and 6.18 cm vs. 2.51 g and 6.09 cm in the 16 : 8
mode and 2.47 g and 6.12 cm in the control.

It should be mentioned that in all studied photope-
riod regimes, including the control, an increase in TL
EVELOPMENTAL BIOLOGY  Vol. 52  No. 2  2021
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Table 2. Content of individual phospholipids (% of dry weight) in Atlantic salmon (Salmo salar L.), fingerlings grown at
the Vygsky fish hatchery under different lighting conditions. Designations: n—number of samples; PI—phosphatidylinositol;
PS—phosphatidylserine; PEA—phosphatidylethanolamine; PC—phosphatidylcholine; LPC—lysophosphatidylcholine;
SM—sphingomyelin

* Size and weight characteristics of fingerlings taken for biochemical analysis; A the differences are significant (p ≤ 0.05) from those in

fish in September; 1 the differences are significant (p ≤ 0.05) from those of fish grown under farming lighting (control); 2 the differences

are significant (p ≤ 0.05) from those in fish grown under the 16 : 8 mode.

Month September October

Lighting mode control 16 : 8 24 : 0 control 16 : 8 24 : 0

n 20 20 20 20 20 20

Mass,* g 2.47 ± 0.09 2.51 ± 0.08 2.62 ± 0.19 3.68 ± 0.13A 3.50 ± 0.15A 3.74 ± 0.24A

Mass,* g min–max 1.88–3.09 1.90–3.01 1.55–4.30 3.04–4.7 2.58–4.94 2.49–5.45

Length (TL),* cm 6.12 ± 0.05 6.09 ± 0.07 6.18 ± 0.14 7.16 ± 0.08A 7.04 ± 0.10A 7.12 ± 0.14A

Length (TL),* cm 

min–max

5.8–6.5 5.5–6.4 5.4–7.3 6.72–7.73 6.44–7.92 6.22–8.15

Phl 4.02 ± 0.08 3.69 ± 0.13 3.84 ± 0.07 5.66 ± 0.36A 5.67 ± 0.13A 4.68 ± 0.11A1, 2

PI 0.17 ± 0.01 0.15 ± 0.011 0.11 ± 0.011 0.07 ± 0.00A 0.07 ± 0.01A 0.06 ± 0.01A

PS 0.04 ± 0.004 0.03 ± 0.003 0.03 ± 0.0041 0.09 ± 0.01A 0.08 ± 0.01A 0.08 ± 0.01A

PEA 0.56 ± 0.02 0.48 ± 0.03 0.49 ± 0.03 0.96 ± 0.05A 1.07 ± 0.03A 0.91 ± 0.02A2

PC 2.97 ± 0.06 2.79 ± 0.11 2.99 ± 0.05A 4.19 ± 0.33A 4.12 ± 0.09A 3.39 ± 0.09A1, 2

LPC 0.26 ± 0.02 0.23 ± 0.02 0.21 ± 0.011 0.09 ± 0.01A 0.08 ± 0.01A 0.05 ± 0.00A1, 2

SPM 0.005 ± 0.001 0.003 ± 0.001 0.01 ± 0.0012 0.01 ± 0.00A 0.01 ± 0.00A 0.01 ± 0.00A

Unknown 0.01 ± 0.003 0.01 ± 0.002 0.01 ± 0.001 0.25 ± 0.04A 0.24 ± 0.02A 0.17 ± 0.02A2
in October compared to September, was noted due to

reserve TAG and structural lipids: Chol and PL,

including PS, PEA, PC, and SM, which indicates the

effect of not only different photoperiod modes but,

possibly, also of the temperature factor. In October,

the temperature decreased by 4°C (to 9.8°–2.4°C)

compared to September (13.8°–9.8°C). The adapta-

tion of fingerlings to the experimental lighting modes

at the lipid level can be realized by different biochem-

ical mechanisms. On the one hand, under experimen-

tal lighting conditions, the intensity of lipolysis associ-

ated with the mobilization of energy components of

lipids increases in fingerlings, which is indicated by a

decrease in the content of Chol esters, DAG, and PL,

including PC and LPC, and an increase in NEFA as

well as of Chol/PL, TAG/PL indexes (in the 24 : 0

mode). It should be noted that the decrease in DAG in

October in 0+ fingerlings at the 24 : 0 mode may be

due to the complex effect of the duration of lighting

and the temperature decrease. Diacylglycerols are

multifunctional substances, precursors not only of

TAG but also of many PL, and the direction of their

metabolic pathways is regulated by both internal and

external environmental factors (Sautin, 1989). In this

case, it is necessary to take into account not only the
RUSSIAN JOURNAL OF DEVELOPMENTAL BIOLOGY 
content of Chol and PL but also their ratio Chol/PL.

Thus, in October, under the studied lighting modes,

the index of the ratio of membrane lipids Chol/PL was

increased in fingerlings (up to 0.97 in the 24 : 0 mode

and up to 0.85 in the 16 : 8 mode vs. 0.79 in the con-

trol) due to a decrease in the content of Phl (mainly

PC and also LPC). The change in the Chol/PL ratio

is one of the key mechanisms for regulating the physi-

cochemical state of biomembranes and their ion per-

meability, which affects various metabolic processes,

such as the rate of ion transport, metabolites, and

water (Netyukhailo and Tarasenko, 2001; Perevozchi-

kov, 2008). The result can be an inhibition of oxidation

of both Chol and individual minor classes of PL (PI,

PS, PEA, and SM). All the observed changes in the

lipid profile of salmon fingerlings during development

under experimental conditions were more pro-

nounced in October with the 24 : 0 mode. Also, by this

period, both in the control and in both lighting modes,

the content of spare TAG increases in fingerlings, and

the TAG/PL index increases at 24 : 0, which indicates

an increase in the energy potential of fish, which is

maintained by more efficient feed conversion in the

condition of additional lighting, and can also be asso-

ciated with the temperature factor. It is possible that
 Vol. 52  No. 2  2021
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the decrease in water temperature in October affected
the increase in lipase activity in the gastrointestinal
tract of fish, which contributed to the best food con-
version. Thus, the results of the work of Chinese sci-
entists showed that young Amur sturgeon digests lipids
well at low temperature (14°C), and proteins at 21 and
28°C (Hong-jie et al., 2007).

The observed changes in the content of the main
lipid classes positively correlate with the tendency to
increase the growth rate of fingerlings in the 24 : 0
lighting mode. It should be noted that the data are
consistent with the previously published (Nemova
et al., 2020) results of the study of the fatty acid com-
position of young salmon with varying light modes in
a similar experiment.

CONCLUSIONS

Additional lighting during the farming of Atlantic
salmon juveniles at the stage of fingerlings leads to
quantitative and qualitative modifications of struc-
tural and reserve lipids and their ratios (indexes),
aimed at regulating the vital functions of salmon fin-
gerlings by such compensatory changes in lipids that
provide optimal adaptive opportunities for their sur-
vival. Variation of light modes when growing salmon
juveniles in the conditions of Northern fish breeding
farms can affect the production of more resilient,
ready-to-release juveniles into the natural environ-
ment due to the acceleration of their growth processes.
Additional lighting can be used to accelerate the
growth of young salmons, the onset of the period of
smoltification, and to delay maturation. In addition,
the results obtained on the modification of the lipid
composition of fingerlings in additional lighting in the
development process can be used in the practice of
growing young salmons in farming conditions when
calculating feed coefficients and the amount of food
and to characterize their physiological state.
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