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Abstract: Light stimulation and biofloc technology can be combined to improve the efficiency and
sustainability of tilapia production. A 73-day pilot experiment was conducted to investigate the
effect of colored light on growth rates and nutritional composition of the Nile tilapia fingerlings
(Oreochromis niloticus) in biofloc systems. The effect of colored light on the nutritional composition of
bioflocs as a food source for fish was measured. Three groups were illuminated in addition to natural
sunlight with colored light using RGB light emitting diodes (LEDs) with peak wavelengths (A) of
627.27 nm for red (R), 513.33 nm for green (G), and 451.67 nm for blue (B) light. LED light intensity
was constant (0.832 mW /cm?), and had an 18-h photoperiod of light per day throughout the study.
The control group was illuminated only with natural sunlight (natural). Tilapia had an average initial
weight of 0.242 g. There was a significant effect of colored light on tilapia growth and composition.
The R group showed the best growth rate, highest survival, and highest lipid content. The B group
showed homogeneous growth with the lowest growth rate and lipid content, but the highest protein
level. On the other hand, the biofloc composition was influenced by the green light in the highest
content of lipids, protein, and nitrogen-free extract.

Keywords: food science; light; color; LEDs; sustainable aquaculture; fish production;
preliminary results

1. Introduction

Aquaculture is one of the fastest-growing food production areas and it is one of the most important
sources of food, nutrition, income, and livelihood for hundreds of millions of people worldwide [1].
By 2030, the production of freshwater species such as carp, catfish, and tilapia is expected to represent
about 60% of total aquaculture production [2,3]. However, fish farming requires the use of land,
freshwater, and environmental resources, which are increasingly scarce and expensive worldwide.
By 2030, the world could have a global water deficit of 40% in the usual commercial scenario, and by
2050, the demand for water is expected to increase by 55% in all sectors of production [4]. Therefore,
an increase in aquaculture production must be carefully planned, minimizing the environmental
impact and optimizing the use of natural resources.

Today, sustainable aquaculture systems produce more fish without affecting the environment,
such as using biofloc technology (BFT). In systems with BFT, there are limited exchanges of water
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and, thus, there is an accumulation of organic matter and nutrients that promote the development of
a microbial community called a bioflocs [5]. Bioflocs are conglomerates of phytoplankton, bacteria,
zooplankton, microbial grazers, and particulate organic matter, which are mainly heterotrophic bacteria.
When this conglomerate is mixed with an added external carbon source, the growth of heterotrophic
bacteria is stimulated and the absorption of nitrogen occurs through the production of microbial
proteins, which serve as a food source for fish that is available 24 h per day [6-9]. Biofloc systems are
mainly used to cultivate tilapia (Oreochromis sp.) and white shrimp (Litopenaeus vannamei) because
both species can eat biofloc and live in environments with high levels of turbidity [10]. The biofloc
community can also be used to improve water quality by adding carbon sources to the pond [11,12].

The development of new technologies and scientific studies in aquaculture is essential to improve
intensive fish production. A promising improvement in aquaculture comes from light emitting diode
(LED) lighting. It has been shown that lighting in aquaculture can influence embryonic development,
releasing reproductive hormones that increase fish growth [13,14]. However, fish are visual feeders that
need a minimum light intensity to eat and, thus, grow and develop [15]. In addition to the influence on
embryonic development, the intensity and spectrum light in certain photoperiods (intensity, duration,
and periodicity) can be used to alter and control the growth of fish [16-20]. Photoperiods also
influence the release of reproductive hormones, which play an important role in fish reproduction and
growth [13]. In addition, under short wavelengths such as blue light, melatonin (which is the hormone
that is responsible for sleep) decreases in the bass fish, and the lower the melatonin, the longer the fish
are awake, and the more they feed [21]. However, banana shrimp (Penaeus merguiensis) have a faster
growth related to the intensity of the lighting, and the higher the light intensity, the less the shrimp
feed, but they grow faster, possibly because of better efficiency of food assimilation [22]. For shrimp
with BFT, it was observed that when low light intensity was used, shrimp production decreased by
48%, and the density of microalgae, zooplankton, and rotifers also decreased by 60%, 60%, and 90%,
respectively [23].

Tilapias are generally diurnal feeders that feed at different time periods during the day [24]. Using
fluorescent tube lamps with a photoperiod of 18L:6D and illuminance of 2500 lux, it is possible to
produce more Nile tilapia seeds (percentage of spawning synchrony and percentage of the sac and
swim-up fry stages) compared to a shorter photoperiod with less illumination (2500 lux/15 h, 2500
lux/12 h, 500 lux/18 h, 500 lux/15 h, and 500 lux/12 h) [14]. The promising new LED light technology,
which has not been widely explored in aquaculture, especially in BFT systems, can be a useful light
source tool if the light parameters (intensity, color, and periodicity) are analyzed and applied to
obtain benefits in the production of Nile tilapia in BTFE. The rapid development of LED technology in
recent years has exceeded the characteristics of incandescent lamps in luminous efficiency, low heat
emission, robustness, environment resistance, non-toxicity, durability, and adjustable light intensity
and wavelength, which allows precise control of the light spectrum [25,26]. The aim of this study was
to investigate the effect of using colored LED light on tilapia growth, the nutritional composition of the
Nile tilapia fingerlings, and the composition of the bioflocs that are used as a food source for fish.

2. Materials and Methods

2.1. Ethics Statement

All work with animals in this research was done in accordance with the “Guidelines
for the Use of Fishes in Research” published by the American Society of Ichthyologists
and Herpetologists (https://www.asih.org/sites/default/tiles/2018-05/asf-guidelines-use-of-fishes-in-
research-2013.pdf) and complied with the Mexican law on experimental animals according to the
protocols: NOM-062-ZO0-1999 and NOM-033-SAG/Z0O0-2014.

The experimental design and the fish-use protocol were approved within the project “LED lighting
to improve the production of tilapia in biofloc systems” by the ethics committee for animal research at
the “Autonomous University of Zacatecas” (authorization number: ACS/UAZ/036/2018).
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The light intensities used in all the experiments did not exceed values that were observed in
natural waters. This study did not include endangered or protected species. All fish were acclimatized
for greenhouse conditions for 2 weeks, with the lamps off (the fish only received natural light),
before the start of the experiment. The duration of our experiment was 73 days and 489 Nile tilapia
fingerlings (Oreochromis niloticus) were used. During the planning stage of the experiment, water
quality parameters (temperature, dissolved oxygen, and pH) were monitored twice a day to confirm
optimal living conditions for tilapia. The average water quality parameters for fishponds were: 28.50 °C
for temperature, 6.68 mg/L for dissolved oxygen, 7.9 for pH, 0.08 mg/L for ammonia, and 0.83 mg/L for
total ammonia nitrogen. The average ammonia and total ammonia nitrogen values were monitored
every 8 days. The fishponds were supplied with a 300 W thermostat heater (Grupo acuario LOMAS,
Ciudad de Mexico, CDMX, Mexico) to avoid temperature variations. Aeration was provided by a
Sino-Aqua blower (1/2 Hp of power, and 9” membrane diffuser discs). Additionally, 10% of the tank
water was exchanged each week. During the progress of this experiment, 105 fish died from natural
causes such as acclimatization, and no specific pathologies were observed to determine if the fish
should be euthanized. At the end of the experiment 384 fish were sacrificed. We carefully used
standardized procedures for fish euthanasia. Since Nile tilapia do not tolerate cold water, they were
sacrificed by rapid chilling (hypothermic shock) by keeping the tilapia in ice water at 2 °C for 10 min
after the opercular movement stopped. The fish were stored in a freezer until chemical analysis of their
nutritional composition (approximately 72 h).

2.2. Laboratory Facilities and Fish Stocking

A 73-day experiment was performed in a greenhouse in the prototypes laboratory at the
Autonomous University of Zacatecas, Mexico. Before the experiment started, 489 Nile tilapia
(O. niloticus) fingerlings were purchased from a commercial hatchery (AQUAMOL S.C. DE R L., Jamay,
Jal., Mexico), and moved to the greenhouse, where they underwent a period of acclimatization. The Nile
tilapia fingerlings had an initial average weight of 0.242 + 0.01 g. They were randomly distributed,
with a same density of 0.2 kg/m? (approximately 123 fish per tank, and exactly 30 g of biomass per
tank), in circular tanks (150-L capacity, 39 cm high x 70 cm in diameter) under natural light. This is a
pilot study because in this experimentation there were no replicated tanks (1 = 1). All results presented
are preliminary results, but significant because each tank contained a large number of fish.

2.3. Experimental Design and Setup

The experiment was designed to study the effect of colored light under real light conditions.
The experiment could also be transferred to real production because real conditions were present
in the experiments, such as all four treatments received natural light, which is consistent with
aquaculture farms.

This investigation implemented a special change, in addition to receiving natural light, three
treatments were illuminated with red, green, and blue LED lamps for 18 h per day. The illumination
was provided by RGB (red, green, and blue monochromatic light) LED lamps with peak wavelengths
(A) of A = 627.27 nm for the red light treatment (R), A = 513.33 nm for the green light treatment
(G), and A =451.67 nm for the blue light treatment (B). LED lamps were positioned 25 cm above
the water surface, with the purpose that the lamp opening angle (110°) should focus completely on
the water surface of the entire tank diameter. LED light intensity of all the lamps was constant at
0.832 mW /cm?, and the natural light provided by the sunlight inside the greenhouse had a maximum
of irradiance of 0.95 mW/cm? at 14:00 h. The fourth treatment, which we called “Natural” light
treatment, only received natural light, and served as a control treatment. The lighting conditions for
the four treatments are shown in Figure 1.
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Figure 1. Light periods received by each tank during this research. All treatments received natural
light, but three of the treatments were also illuminated with red, green, and blue colored light, which
was provided by an LED lamp, with a photoperiod of 18 h per day.

2.4. Characterization of LED Lamps

The LED lamps used in this experiment were optically characterized using a spectrophotometer
(USB2000, Ocean Optics, Largo, FL, USA) and a NIST calibrated radiometer (ILT-1400, International
Light Technologies Inc., Peabody, MA, USA). Wavelength (A) and spectral width (AA) parameters
were measured using the spectrophotometer device. The irradiance or radiant power density on the
water surface of each tank was measured using the radiometer. The measured LED lamp parameters
are presented in Table 1, where the average irradiance was 0.832 mW /cm?. Figure 2 also shows the
spectral power distribution of light emitted by each colored LED lamp.

Table 1. Optical properties of light colors in light emitting diode (LED) lamps: red (R), green (G),

and blue (B).
Parameters LED Lamps
R G B
A (nm) 627.27 513.33 451.67
AX (nm) 16.92 32.80 23.75
Irradiance (mW /cm?) 0.87 0.83 0.80
= 3 3
2 1.00 g 1.00 2 1.00
£ 0.0s £ 0.05 £ 0.0s
= = =
£ 0.00 : - £ 0.00+ . . £ 0.00+ ) ]
= 500 600 700 — 400 500 600 — 400 500 600
Wavelength (nm) Wavelength (nm) Wavelength (nm)
a. b. C.

Figure 2. The spectral power distribution of the RGB LED lamps used in the study: (a) R LED lamp;
(b) G LED lamp; and (c) B LED lamp.
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2.5. Nile Tilapia Fingerlings and the Biofloc System

All treatment groups began the study with tap water, which was previously aerated for 1 week to
allow water dechlorination. No water exchange was made, and the formation of the biofloc started
from zero when the tilapia arrived. Each tank was fixed at 29 °C using a 300 W thermostat heater to
avoid high temperature variations, and to provide a comfortable temperature for the fish. Pure cane
sugar was added to each tank as a carbon source, which was calculated using the method described
by De Schryver et al. [27]. The use of a carbon-to-nitrogen (C/N) ratio of 20:1 in the tanks ensures
the water quality during the biofloc formation because we guarantee a low level of total ammonia
nitrogen (TAN) in the water [28,29]. The fish were fed by hand twice a day using the commercial
diet I during the first month, and then using the commercial diet II, according to the requirements of
the growth stage. The nutritional composition of the commercial diet I, commercial diet II, and cane
sugar used are listed in Table 2. The daily amount of food was adjusted every week (the feeding rate
started with 10% of the fish’s weight per day and it decreased to 5% per day) according to the growth
of the fish, fish survival, and the biofloc that was expected in each tank. The fish feed composition was
provided by the manufacturer and was also corroborated based on a bromatology test to guarantee the
consumption and quality of the feed. During the experimental period, the tanks were checked by hand
every day, and any dead fish were removed and recorded.

Table 2. Feed composition for tilapia and cane sugar used as a carbon source.

Feed
Commercial Commercial Commercial Commercial Cane Sugar Cane Sugar
Diet I Diet 1 Diet I1 Diet I1 (Manufacturer) (Laboratory)
(Manufacturer) (Laboratory)  (Manufacturer) (Laboratory)

Moisture (%) 12.00 7.90 12.00 8.10 0.00 1.80
Crude protein (%) 53.00 43.00 32.00 40.90 0.00 0.30
Lipids (%) 15.00 12.30 6.00 12.80 0.00 0.00
Crude fiber (%) 2.50 1.70 6.00 2.20 0.00 3.30
Ash (%) 12.00 7.80 15.00 10.00 0.00 0.10
Nitrogen-free extract (%) 5.50 27.30 29.00 26.00 100.00 94.50

2.6. Water Quality Parameters

Temperature, dissolved oxygen (measured by the YSI model 550A dissolved oxygen meter device
(Yellow Springs Instrument Co., Yellow Springs, OH, USA)), and pH (measured by the Hanna model
HI 98127 device (Hanna Instruments, Woonsocket, RI, USA)) were measured twice a day in each tank
at 10:00 and 20:00 h. Ammonia—nitrogen (NH3 — N), which is one form of ammonia in TAN that is toxic
for fish, was regulated by adding cane sugar. NH3 — N levels were measured once per week in the
tanks using the ammonia checker device (Hanna model HI715 (Hanna Instruments, Woonsocket, R,
USA)). In addition, the TAN value was calculated using a modified mathematical expression described
by Boyd and Tucker [30], which is written as follows:

TAN = (NH3 —N) X {1+ antilog [0.09018 + (2729.92/(273.15 + T))] — pH}, 1)

where TAN is the total ammonia nitrogen, (NH3-N) is the ammonia-nitrogen, T is the water
temperature (°C), and pH is the water pH.

2.7. Growth Rates

Throughout the experiment, biometric measurements were made every week in a group of
randomly selected of 15 fish in each tank. At the end of the experiment, all the fish were weighed and
measured, and the growth rates were reported as the mean + standard deviation. According to the
final number of fish in each treatment, there were 127 fish that underwent R treatment, 79 fish that
underwent G treatment, 94 fish that underwent B treatment, and 84 fish that underwent the Natural
treatment. The mean + standard deviation is presented for the fish weight and length. Additional
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measurements to evaluate fish growth were used, as follows: initial weight (g/fish), final weight (g/fish),
final body length (cm/fish), survival (%), specific growth rate (SGR), daily weight gain (DWG), and feed
conversion rate (FCR). The mathematical expressions of the evaluation metrics were extracted from
published studies [31,32]. These evaluation metrics are written as follows:

Initial weight (g) = (initial biomass (g))/(initial number of fish), 2)
Final weight (g) = (final biomass (g))/(final number of fish), 3)

) Zfi‘aé number of fish ¢}y body length (i)
Final body length (cm) = Final number of fish / 4)
Survival (%) = (final number of fish)/(initial number of fish) x 100%, (5)

In(final weight (g)) — In(initial weight (g))

SGR ( /o/day) = number of days x 100 /0, (6)
DWG (g/day)= (final weight (g) — initial weight (g))/(number of days), (7)
FCR = (total feed intake (g))/(total wet weight gain (g)), 8)

where the initial biomass is the weight of all the fish in each tank at the beginning of the experiment,
and the final biomass is the weight of all the fish at the end of the experiment. The total feed intake is
the amount of food supplied to the fish, and the total wet weight gain is the difference between the
final weight and the initial weight of the entire biomass.

2.8. Nutritional Composition of the Fish Body and Bioflocs

Composition of the fish body is valuable information about the nutritional contribution that the
fish meat will have for a consumer. A biofloc nutritional composition study also provided information
on whether the diet of the fish could be completed correctly using the biofloc. At the end of the
experiment, all the fish were caught for a biomass analysis. The water in the tanks was sieved using
a 200-mesh screen to maintain the greatest amount of biofloc. The composition of the fish body
and the bioflocs were determined by the composition of lipids, moisture, crude protein, crude fiber,
ash, and nitrogen-free extract, according to standard methods [33,34]. The values were determined
using Soxhlet extraction apparatus while the other parameters were determined with bromatology
using gravimetric techniques. The nutritional composition analysis was performed by the Chemical
Laboratory of Special Studies at the Autonomous University of Zacatecas.

2.9. Statistical Analysis

All the measured data and the metrics that were calculated in this research were analyzed to
achieve a performance evaluation and a broad comparison between the four light treatments. Since
the parameters obtained from the tanks are mean values, a one-way analysis of variance (ANOVA),
which compares the “variation” of a group of mean values, was used.

Water quality parameters cannot be analyzed using ANOVA because there are no replicate tanks
(n = 1). However, growth rates can be analyzed because each tank had many final fish as follows:
n = 127 for R treatment, n = 79 for G treatment, n = 94 for B treatment, and n = 84 for Natural treatment.
Thus, the growth rates were analyzed using the one-way ANOVA, followed by Tukey’s test, with a
significance level of 5%. Before performing the one-way ANOVA evaluation, the hypothesis of equality
(homogeneity) of variances was verified using the Levene’s test. Data analysis of the biofloc and fish
nutritional composition was performed using the mean values of three sample replicates.
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3. Results

3.1. Water Quality Parameters

The average values of the water parameters remained approximately equal between all groups
during the experimental period. Thus, a constant temperature was maintained, with a variation of
less than 1 °C, the pH value showed a difference below 1.25%, the variation of ammonia—nitrogen
(NH3-N) was less than 0.03 mg/L, and the difference in dissolved oxygen and TAN were less than 0.07
and 0.17 mg/L, respectively. The mean values of water quality parameters were calculated, and they
are shown in Table 3.

Table 3. Water quality parameters.

Treatments
Parameters
R G B Natural
Temperature (°C) 28.03 +1.03 28.38 £ 0.96 2894 +1.22 28.65 +0.93
Dissolved Oxygen (mg/L) 6.65 + 0.58 6.67 +0.43 6.71 +0.47 6.72 +0.47
pH 791 +0.17 791 +0.16 792 +0.16 8.01 +0.20
NH3-N (mg/L) 0.07 = 0.01 0.07 = 0.01 0.08 = 0.01 0.10 £ 0.01
TAN (mg/L) 0.79 +0.18 0.76 = 0.21 0.86 +0.14 0.93 +0.22

Data are presented as the mean =+ standard deviation.

3.2. Growth Rates

Mean weight, mean body length, survival, specific growth rate, and feed conversion ratio were
used as metrics to evaluate the effect of colored light. According to the measured data, the R group
showed the highest final weight among the fish, and it also had the lowest initial weight. Therefore,
the R group had the highest performance, with the best growth rates and DWG (see Table 4). In addition,
the data obtained show that the R and G groups presented the best gains in weight and length. However,
the G group had the worst survival. The feed conversion ratio was better in the R and Natural groups
compared with the other groups. The SGR value was significantly higher in the groups R and G
compared with the other groups. The quantitative distribution of the final weight of the fish for each
group is shown in Figure 3.

Table 4. Growth rates of Nile tilapia.

Treatments
Parameters
R G B Natural
Initial biomass (g) 30 30 30 30
Initial weight (g/fish) 0.2 0.2 0.3 0.3
Initial number of fish 133 132 111 113
Final Biomass (g) 2193 1330 1461 1362
Total biomass gained (g) 2163 1300 1431 1332
Final number of fish 127 79 94 84
Final individual weight (g/fish) 17.3+3.3%2 16.8+3.12 155+2.8b 162 +3.02b
Final individual body length (cm/fish) 82+1.02 80+092 7.7+09P 7.9+0.82b
Survival (%) 95.5 59.9 84.7 74.3
SGR (%/day) 6.0 5.9 5.6 5.7
DWG (g/day) 0.2 0.2 0.2 0.2
FCR 0.8 1.3 1.2 1.0

SGR = specific growth rate; DWR = daily weight gain; FCR = feed conversion rate. Data are presented as the mean
+ standard deviation. Values in the same row with different superscript letters indicate significant differences based
on the one-way ANOVA and Tukey’s test (p < 0.05).
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Figure 3. The mean final weight of the fish in each treatment. Each bar represents the mean with the

standard deviation. Different letters (such as a, b, and ab) represent significant differences (p < 0.05).

3.3. Nutritional Composition of the Fish Body and Bioflocs

The mean values for nutritional composition of the fish and the nutritional composition of the
bioflocs as a food source for fish are presented in Figures 4 and 5, respectively. The moisture value was
higher in the body of the fish of group B. In addition, the body of the fish in groups B and Natural
presented a higher concentration of crude protein compared to the other treatments. The mineral
content (ash) in the fish in groups R, G, and Natural was less than that measured in the fish in group B.
Lipids in the body composition of the fish were most influenced by the use of colored lights. Fish in

group R showed a higher lipid content and nitrogen-free extract.
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Measurements of the mean nutritional composition of the bioflocs in the G and Natural groups
showed a higher concentration of crude protein compared to the other treatments. The ash composition
in the bioflocs from the R and G groups was lower than the content measured in the bioflocs from the
B and Natural groups. In addition, the mean nutritional composition of the biofloc in group G showed
a higher content of lipids and nitrogen-free extract.

Moisture Lipids
R - e ==
2 — S =
Sosac] . : = ~ =
=] =
m B i ™
Q & 200
B l B
o o
(&) o
85.00 T T T T 0.50 T T T T
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Crude protein Ash
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N ﬁ
" 2.00- T . ' " 060 .
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=
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Composition (%)

T

G B
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- 0.30 T T T
Natural R

; §
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Treatments

Nitrogen-free extract

1.50

0.504 .

Composition (%)

0.00 T T T

G B
Treatments

T
Natural

Figure 5. Box-and-whisker plots showing the nutritional composition of the biofloc (%).

4. Discussion

To investigate the effect of colored light in the Nile tilapia fingerlings, the parameters that were
not related to the light color were kept constant, but there were slight experimental variations in these
parameters that are expected not to significantly change this condition of the research. The mean
water temperature was maintained at less than 1 °C of variation, and all the tank water temperatures
were in accordance with the optimum range for the growth of the Nile tilapia fingerlings (26-30 °C),
as indicated in [35]. The mean water temperature in the four treatments was 28.50 °C, which is very
close to the ideal temperature of 28 °C, as reported in [36]. The dissolved oxygen value did not have a
very significant variation between all the groups and it was above the level that was acceptable for Nile
tilapia (4-5 mg/L), in accordance with [37]. The pH fluctuated between 7 and 8 during the experimental
stage, which is the most appropriate range in tilapia aquaculture to obtain the optimum growth and
survival rate, as recommended by [38]. The pH value was not different between the R, G, and B groups,
which could be because of a greater total amount of bacterial activity that is influenced by the use of
artificial light compared to the Natural group. Using a C/N ratio of 20, the TAN concentration has a
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similar behavior value to pH and it was maintained at levels that are suitable for Nile tilapia, according
to [39]. The NH3 — N values did not exceed the levels that were considered lethal for Nile tilapia during
the experiment, and this value remained below the recommended limit of 0.1 mg/L [40].

Light color was the only intentionally different parameter among all treatments. Therefore,
each treatment was only influenced by a certain color or wavelength of the light. There are not many
studies reported of the influence of colored light on the growth of Nile tilapia and fish of different species
in general [18], and as far as we know, this is the first study on the fingerling stage of development of
tilapia. Even more, all previous studies on light effect use other experimental conditions, which include
significant differences in: The lack of biofloc, the type or duration of photoperiod, the temperature,
the light intensity, peak wavelengths, light spectrum shapes, etc.

In this research, we studied the effect of colored light in Nile tilapia fingerlings and bioflocs, the R
light treatment was the aquaculture system that showed superior performance in many aspects. All the
groups received the amount of food according to the biomass that was present in each tank.

It is possible to ensure that the R treatment presented the best growth performance because it
obtained the best values of total biomass gained, SGR, and DWG. Additionally, there was a great
demand for feed intake; when food was provided it was consumed immediately, which was confirmed
because the R treatment had the best FCR of 0.8. This is consistent with [41], where feeding conduct
was analyzed, but in juvenile Nile tilapia under other experimental conditions, showing (in terms of
time (seconds), and chemical cues) that feeding motivation was higher in their red light environment.
As well, a similar behavior was found in adult rainbow trout [42], where the growth of fish was
increased at red illumination under other experimental conditions, showing low cortisol levels in their
blood (less stressful environments).

Nevertheless, the G light environment showed the second-best weight gain, but also had the
lowest survival. It is possible to rule out that the low survival was caused by a peak of ammonia
and TAN, because during the period in which these fish deaths occurred, measurements of ammonia
and TAN were in the optimal range for the life of tilapia. A similar low survival phenomenon using
green light was also observed and reported in [43], but in small fish groups (four fish per tank) of
adult tilapia under fluorescent lights and other experimental conditions. One possible reason to this
phenomenon could be that an aggressive behavior of the fish was observed in a green light environment.
Other related study determined (by blood test) the basal plasma cortisol levels (stress response) in
adult Nile tilapia, and it was found that cortisol levels increased with green light [44]. This could
be a cause of fish mortality because the green light may create stressful environment and increase
cortisol levels. A high level of cortisol also affects the nutritional composition of tilapia, causing high
moisture levels and low protein levels [45], which agree with our results. The low level of protein can
be attributed to an intensive use of muscle protein to get higher energy than that obtained from food,
which could be caused by the stress due to green light [46]. Green light may be an important factor of
mortality, but research with replicate tanks should be carried out to see all possible mortality factors.

Aly et al. [45] reported that hybrid red tilapia in saline water had a lower growth performance
under blue light and other experimental conditions. These results were attributed to a reduced
vision of the fish under green light, which reduced feeding (also see [47]). In addition, they reported
that hybrid red tilapia that were illuminated under red light had the best growth performance [45].
These observations are in agreement with our results, where the Nile tilapia fingerlings in freshwater
under blue light had the lowest growth performance, and those under red light had the best growth
performance. In addition, in [43], yellow light was shown to have the best growth performance,
which also agrees with our results, because the yellow light has a long wavelength that is close to the
wavelength of the red light.

In our research, the effect of colored light on the nutritional composition of Nile tilapia fingerlings,
and on the biofloc composition as a food source for tilapia was also measured, and this has not been
reported before. The effect of light on body composition of tilapia showed that the R group had the
highest lipid content and also the lowest moisture level (this indicates that moisture and lipid content
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are inversely related, which is in accordance with [48]). However, under blue light, the fish had the
highest percentage of protein and moisture and the lowest level of lipids, while under green light,
the fish maintained a low content of lipids and proteins. Under natural light, the fish obtained a high
crude protein content and the highest content of ash.

The effect of light color on bioflocs showed that the G group had the highest lipid content.
In addition, the bioflocs in the G and Natural groups had the highest protein level. For the ash
content, B and Natural groups had the highest percentage. In addition, although the biofloc of B group
had a high level of lipids, the fish nutritional composition under B light had a low level of lipids.
This opposite relationship could be explained by the stress reduction under blue light [44], and also
a stress reduction under the lipid-rich diet [49]. Such a possible stress reduction, would reduce the
formation of lipid deposits in fish, indicating that such good health condition of tilapia under B light
could be because the lack of stress.

The results discussed above may have an important application in tilapia aquaculture with biofloc
systems because they improve our understanding of the significant effect that light color has on the
growth of fish and their nutritional composition of both the fish body and the bioflocs.

5. Conclusions

We investigated the influence of RGB colored light on the growth and nutritional composition in
tilapia in biofloc systems. We also measured the light effect on the biofloc nutritional composition.
The results showed that the peak wavelength or color of light had a significant effect on growth
performance and nutritional composition of Nile tilapia, which can be used to improve the sustainability
and efficiency of tilapia production based on the needs of the consumer. Fish under blue light had
the lowest growth performance, but blue light significantly improved the protein levels, had a low
lipid level, and obtained the most homogeneous growth among the treatments. The effect of the red
light on fish growth was significant. Tilapia under red light showed the best weight gain, body length,
and survival rate, and also showed the highest lipid content. The fish also had a lower ash content
under colored light compared to natural light. In addition, colored light influenced the lipid, protein,
and ash content in bioflocs.

These results provide support for further studies in aquaculture to improve efficient, sustainable,
and intensive fish production. For example, our results suggest that growth rates, feed utilization
efficiency, survival, and nutritional body composition may be controlled using colored light, which
can significantly modify the nutritional quality provided by Nile tilapia and bioflocs. In addition,
future research may include the effect of different intensity levels, photoperiods, and light spectra.
For example a broad light spectrum with a designed special shape [50], resulting from the combination
of LEDs of different colors and intensities, to obtain the best effects of each light wavelength and
maximize the nutritional quality of tilapia and bioflocs. This can be adjusted based on the needs of the
consumer and, in the future, the scarcity of food resources.
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