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Abstract

Four light colors (red, white, green and blue) were tested to evaluate their effects on both body color enhancement
and growth performance of Florida red tilapia (Oreochromis mosambicus x O. hornorum). Fish were stocked in 12
fiberglass tanks, (each of 2 m3 water volume), at a stocking rate of 100 fish per tank with average initial weight of 2.66
g/fish, three replicates for each treatment. Fish were fed on a commercial diet containing 25% protein, two meals per
day with a daily feeding rate of 7% in the first two weeks, then reduced to 5% until the end of the experimental period
(6 weeks). The results of this study reveals that there are no significant differences (p>0.05) in growth performance
indexes between treatments. However, fish exposed to red color showed highest growth values. With the same trend,
results of survival percent and condition factor showed no significant differences between treatments. Significant
differences (p<0.05) are observed in the whole body chemical composition between treatments. Fingerlings that are
exposed to blue color has the highest value of dry matter content, while, the lowest value is observed in fingerlings
exposed to red color. Feed utilization (FI, FCR and PER) do not significantly affect the lighting color, while protein and
energy utilization (PPV and EU) are significantly affected. Concerning the red color accumulated in the fish body, the
fingerlings which are exposed to the blue color achieved the best B-carotene value (211.25 1U/100 g fish) with highly
significant differences compared with other treatments. The content of B-carotene in blue color treatment is 8, 9, and
16 folds comparing with green, white, and red colors, respectively. Also, Red tilapia fish with black spots in the blue

treatment were 12%, compared with 29% in green, 56% in white and 52% in red colors.

It could be concluded that cultivating Red tilapia in a full saline well water using the artificial blue color will
significantly improve not only the pigmentation of Red tilapia, the quality of fish in terms of the content of dry matter,
but also the protein and the energy utilization of the consumed feed.
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Introduction

Tilapia is one of the most widely cultivated fishes in the world [1].
Nevertheless, under high salinity water, the culturists must face its
sensitivity to handling, disease infections [2], remarked retardation in
growth, increased feed conversion ratio, up to high mortality ratio [3,4].
Florida red tilapia strain was developed in the 1970s by crossing a normal
colored O. hornorum female with a red-gold male O. mossambicus [5].
This strain was introduced to Egypt in 1993. Florida red tilapia strain
grows well in high saline water [6] and can tolerate salinity up to 36.2
ppt, and the optimum limit is 17.8 ppt [7], while Nile tilapia does not
tolerate salinities above 20 ppt [8]. Therefore, world is moving towards
expanding the cultivation of Red tilapia, the most resistant strain to high
salt water [3].

The red color of hybrid tilapia is one of the most favorite traits, in
addition to its tolerance to salinity. There are many factors influencing
the chromatic state of fish, including nutritional, environmental, genetic
and neuro-hormonal factors [9]. Dietary carotenoids play an important
role in regulating fish color [10]. Because fish, like other animals,
are unable to synthesize carotenoids, the skin color in fish is highly
dependent on carotenoids present in the diet [11]. Therefore, dietary
sources of carotenoids (natural or artificial) should be enhanced the
artificial diets for colorful fishes, such as Red tilapia. Otherwise, fish will
suffer from pale colors. Dietary B-carotene suppressed skin B-carotene,
and pigments of False Clownfish, Amphiprion ocellaris [10].

In addition, the environmental conditions, including background
[12,13], light color, light intensity [14], external and/or internal stresses

etc. [15,16]. canalter the coloration of cultivated fishes. This phenomenon
causes technical, and commercial problems and may reduce the
marketability of the cultured fish [15]. Changing light intensity or
background color could temporarily change the coloration of Clownfish.
Accordingto the opinion of [10], manipulating environmental conditions
is unlikely to permanently alter the pigmentation of fish. However, this
rapid, simple and inexpensive intervention will improve the color of
farmed fish and increase the profitability of aquatic organisms.

Many studies were interested in investigating the genetic system of
body color inheritance in red tilapia, where it is reported to be single in
complete dominance inheritance [17,18]. It has been stated that there are
three different genetic mechanisms responsible for the body coloration
system in tilapia [19]. A single gene with incomplete dominance for
pink, red and black colors, two genes with epistatic interaction and
two independent genes, one for producing melanin and the other for
producing red pigmentation. In vertebrates, the skin color is organized
by enzymes stimulation, but aquaculturists have to consider that
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environmental colors are determining factors of skin color intensity and
pattern overall the fish body. One of the environmental characteristic
that affects the fish physiology is environmental color, which modulate
several parameters such as; feeding [20], growth [21], reproduction [22],
sex determination [23], aggression [24], larval jaw malformation [25],
and stress response [26]. Moreover, fish can alter their color in response
to environmental conditions, physiological challenges, stressful stimuli
[27] and cultural condition (such as background color in red porgy,
Pagrus pagrus tanks) [28]. However, fish could adapt to the background
color by changing the skin color [29,30] and this phenomenon causes
commercial problems in areas where this species is traditionally fished
[28] and leads to a reduced marketability of the cultured fish [30].

A common problem with the Florida red tilapia is the color of the
skin, which can revert to a black coloration phenotype like those of
the Mozambique tilapia. This change can subsequently reduce market
acceptability and demand, but change of the light coloration may
mitigate this. The aim of this study was to evaluate different light colors
on the growth, feeding efficiencies, biochemical composition and skin
colorations of red tilapia reared in saline well water.

Material and Methods
Fish origin

Hybrid red tilapia (O. mossambicus x O. hornorum) was obtained
from a GAFRD governmental marine fish hatchery located in Maryout
Company for Fish Farms, west Alexandria, K21, Egypt. The fish were
placed in 4 m® fiberglass tanks and acclimated for a week on marine
well water with a salinity of 32 ppt, by gradual increasing from 8 ppt
to 32 ppt.

Experimental procedures

This experiment is performed in El-Max Research Station for
Applied Research (NIOF). After fish acclimation and settlement,
1200 fish with an average weight of 2.66 g are randomly selected and
transferred to 12 experimental tanks each of 2 m® water volume at a
stocking density of 50 fish/m’. Four lightning colors; red, blue, green
and white, were tested as an artificial source of lighting, with three
tanks for each treatment (color) as shown in Figure 1. Black barriers
were placed between each treatment to avoid color interference The
fish are fed on a commercial diet purchased from Aller Aqua Egypt
Company (www.alleraquaegypt.com), contains (25% Crude Protein,
5.6% Crude fat, 7.15% Crude fibers, 403 Kcal/100 gm DM feed Gross
energy, and 62.03 N:C ratio (mg CP: Kcal)); 2 times daily with feeding
rate 7% of fish biomass during the first two weeks, and then reduced
to 5% starting from week 3 up to the end of the experiment (after 6
weeks). The onset of the experiment is actually registered after 3 days
of stocking (acclimatization period), where dead fish are removed and
replaced with the same number and weight.

Studied Traits
Water quality analyses

Water temperature, salinity, pH, total ammonia-nitrogen (TAN),
and un-ionized ammonia are monitored weekly throughout the
experimental period. Temperature and pH were measured using
portable pH Meter (pH-8424) (HANNA Instrument). Dissolved
oxygen was measured by HI-9142 (HANNA Instrument). Water
salinity is measured by a refractrometer (http://www.atago.net).The
concentration of total ammonia nitrogen (TAN) was analyzed using
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Figure 1: Photos of the experimental tanks supported with four artificial light
colors (blue, red, white and green) during the experimental period.

YSI 9300 photometer and YSI Professional Plus. The concentration of
un-ionized ammonia was calculated as a percentage of TAN according
to U.S. Environmental Protection Agency [31].

Growth performance, condition factor, and survival

About 40 fish were randomly selected bi-weekly to estimate the
gain in weight and length. The growth performance parameters are
calculated according to the following equations:

Specific growth rate (%/day): SGR=100 x (In Wt - In WO0)/ n [32]
Where: W : initial mean weight of fish (grams).

Wt: final mean weight of fish (grams).

n: Experimental period (days).

In: natural logarithm.

After 6 weeks, the fish in each tank are weighed individually to
determine survival and final weight gain.

Survival (%)=100 x (final number of fish/ initial number of fish)
[33,34].

Condition factor (K)=100 x (BW/ L?) [24].
Where: BW is fish body weight (gram); L is total fish length (cm)
Whole-body fish chemical analysis

At the beginning of the experiment, a representative fish sample is
analyzed for body chemical composition (moisture, protein, lipid, ash).
Also, at the end of the experimental period, ten fishes are randomly
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selected from each tank. The selected fishes are analyzed for body
moisture, protein (Kjeldahl method), lipid (Soxhlet method), and ash
(at 550°C for 16 hours) according to the AOAC (2000) [35].

Gross energy estimation (Kcal/100g)

Gross energy (GE) content of the experimental diet was estimated
according to the following equation:

Gross energy (GE) was calculated as 5.64, 9.44 and 4.11 kcal GE/g
for protein, lipid, and NFE, respectively.

Gross energy (GE) in Feed (kcal/100 g DM)=(protein content (%) x
5.64) + (Lipid content (%) x 9.44) + (carbohydrate content (%) x 4.1).

Gross energy (GE) in Fish Carcass (kcal/100g DM)=(protein
content (%) x 5.64) + (Lipid content (%) x 9.44)).

Feed utilization measurements:

Feed utilization parameters are calculated according to the
following equations [36]:

Feed Intake (FI, g/fish): This is the amount of feed given or supplied
during the experimental period for each fish per gram.

Food conversion ratio (FCR)=feed intake (as DM in g)/body weight
gain (g) [37].

Protein efficiency ratio (PER)=fish weight gain (g)/protein intake (g).
Protein productive value (PPV, %)=100 x (Pt —P0/protein intake (g)).
Where: P0: Protein content in fish carcass at the start.

Pt: Protein content in fish carcass at the end.

Energy gain, EG (Kcal): EG=Et-E;

Where: E : energy content in fish carcass (Kcal) at the start

Et: energy content in fish carcass (Kcal) at the end

Energy utilization, EU (%): EU=100 x (Energy gain (Kcal)/ Energy
intake (Kcal)].

Color measurement:

At the end of the experiment, a representative sample of fish from
each tank is collected and sent to a specialized laboratory to measure
the total content of B-carotene. It was measured by Reversed-Phase
Liquid Chromatography (LC) method according to [38]. Also, a sample
from each treatment was photographed with a high-resolution camera
as another way to gauge the clear differences in fish body color. Also,
the percentage of Red tilapia fish with black spots (FBS) was measured
as a percentage of the total number of fish at the end of this experiment.
Any fish with remarked black spots was counted in this trait.

Statistical Analysis

Data are transferred to excel sheet to calculate the mean and

Treatments Initial Weight, gm Final Weight, gm
Green 2.68 £0.03 4.94 +0.41
White 2.64 £0.01 5.23 +£0.08
Red 2.65 +0.01 5.66 + 0.52
Blue 2.68 £ 0.04 4.58 + 0.50
Level of Significance 0.541 0.365

standard error for final weight, SGR, survival, condition factor, FCR,
PER, PPV, EU, and b-carotene content. Then, these data are analyzed with
a one-way analysis of variance (ANOVA) using SPSS 20 statistical package
to evaluate the differences between the tested treatments. The differences
within each experimental treatment are evaluated using Duncan’s Multiple
Range Test at 0.05 Probabilities [39].

Results

Water quality, growth performance and survival

Average values of water quality parameters in the experimental
tanks are; (temperature 18.6 + 1.3°C; salinity 32.27 + 0.76 ppt; pH 7.92
+ 0.34; dissolved oxygen 5.74 + 0.63 ppm; total ammonia nitrogen
(TAN) 0.186 + 0.034 ppm, and 0.004 + 0.00ppm un-ionized ammonia,
NH,). No significant (p>0.05) differences are observed in water quality
measurements between the tested artificial light colors.

Results of bi-weekly growth performance of hybrid red tilapia
indicate a clear tendency towards red and white colors (Figure 2). The
final data of growth performance indexes (SGR) are presented in Table
1. The data reveal that fish exposed to red and white light attain the
higher values of growth but without any significant (p>0.05) differences
with the other tested colors. However, the fish exposed to blue light
color have the lowest values. Also, condition factor (K), which is another
consideration of evaluating fish growth, shows no significant (p>0.05)
differences between the four tested treatments (Table 1). The obtained
values of K ranged between 1.45-1.61. The results of survival (%) shows
that all treatments had low percent varied between 59.33-61% without
any significant differences (p>0.05) between treatments (Table 1).

Whole-body proximate composition

Carcass composition of the Red tilapia at the end of this experiment
is presented in Table 2. Moisture content is the highest in fingerlings
which were tested with red light (68.91%), while the lowest value is

Red e===Blue

Green e \White

Average Weight, gm

0 2 4 6
Experimental Period, weeks

Figure 2: Periodical growth performance of hybrid red tilapia reared under
different artificial light colors.

SGR,%/day Condition factor (K) Survival, %
145+0.19 1.57+0.18 59.33 + 1.86
1.63 + 0.04 1.61+0.28 61.00+ 1.16
1.81+0.21 1.53 + 0.05 60.00 + 3.06
1.28 £+ 0.25 1.45+0.12 59.33+3.18
0.277 0.935 0.956

Means in the same column with different superscript are significantly different (p < 0.05).
Table 1: Mean + SEM of growth performance, condition factor, and survival of Red tilapia fingerlings tested with different artificial light colors.
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obtained by fingerlings which were tested with the blue light (56.50%)
with significant differences (p < 0.05) between treatments. The dry
matter content in blue light treatment is the highest (43.50%) with
significant differences (p < 0.05) when comparing with the other
treatments.

The results of CP manifested that, the highest value is obtained
with green treatment (49.83%), followed by the white one (49.4%)
without any significant differences (p>0.05), while the poorest CP
value is obtained by fingerlings which stocked in red light (46.93%)
with significant differences (p < 0.05). Concerning the EE values, the
highest values are achieved by fingerlings which are stocked in red
and blue color (35.9 and 35.26%, respectively). Whereas, the poorest
values were achieved by fingerlings which were stocked in white color
(32.77%) with significant differences (p < 0.05). Regarding ash content,
the lowest value is obtained by fingerlings which were stocked in red
color followed by blue color (16.6 and 16.8% DM, respectively). Higher
significant contents of carcass energy (Kcal/100 gm) were measured in
tilapia fish treated with red and blue colors compared with green and
white colors.

Feed utilization

Feed utilization (FIL, FCR, PER, PPV, EG, and EU) are presented in
Table 3. The differences between treatments regarding FI, FCR, PER,
and EG are insignificant (p>0.05). Feed intake (FI) was affected by
the lighting color, with 35.9% higher in FI under Red color (6.51 g/
fish) compared with blue color (4.79 g/fish). The lowest value of FCR
is obtained from fingerlings exposed to blue color (2.76), while the
highest FCR (2.24) is achieved with red color treatment. Contrarily to
the results of FCR, and PER, the PPV, and EU values are significantly
in favor of blue color compared with the other tested colors. PPV (%)
under blue color treatment is 26.9, 22.3 and 67.7% higher than green,
white, and red color treatments, respectively. With the same trend, EU
(%) under blue color treatment is 39.6, 39.6 and 60.9% higher than
green, white, and red color treatments, respectively.

B-Carotene content

The data of B-carotene for Red tilapia fingerlings are presented in
Figures 2-4. Schematic pictures and final data (Mean + SEM) where
B-carotene (IU/ 100 g) are clearly identified under wavelength 325 nm
manifested the differences in body color between the tested treatments.

Also, real photos for red tilapia at the end of the experiment can clearly
confirm the results of the chemical analysis by the chromatograph
as shown in Figure 5. The data illustrated that, the highest amount
of carotene is achieved by fingerlings which were exposed to blue
artificial light, the where (-carotene value is 211.25 IU/100g with
highly significant differences (p < 0.05) in comparing with the other
treatments. The blue color is followed by the green color (24.88 IU/100
), whereas, the lowest value (13.03 IU/100 g) is recorded by red tilapia
fingerlings exposed to red artificial light. This means that the content
of B-carotene in blue color treatment was 8, 9, and 16 folds comparing
with green, white, and red colors, respectively. Figure 5 clearly shows
that the Red tilapia fish with black spots (representing retardation in
genetic traits) in the blue treatment were 12%, compared with 29% in
green, 56% in white and 52% in red colors.

Discussion

Growth performance and feed utilization

Red tilapia has higher market value than Nile tilapia, mainly due
to its beautiful color that needs continuous selection to retain and pass
their red color from generation to generation [40]. The available data
discussing the relationship between illumination color and growth
performance still very few. The obtained results of the present study
shows that the blue color represented the lowest growth performance
and it may due to the reduced vision, which prevents fish to detect the
feed well, while red color has better growth performance in spite of the
insignificance between the tested colors. This result is congruent with
Volpato et al. [41]. Who found that red color stimulates feeding intake
and improves growth performance more than yellow, green, blue, and
white colors. This is attributed to that fish under stress environment
such as red color is more aggressive and grew almost many times as
much in the less stressful conditions (blue color) [26].

The effect of indirect or background color originated from the
reflected color of fish rearing tank on fish growth has been investigated
[12,13,42]. Steel et al. [39] notices that Summer flounder Paralichthys
dentatus held in red tanks expresses the greatest weight increase.
But, the fish held in dark blue tanks performed the poorest weight
gain. However, no significant differences are observed between tank

Carcass Energy

Treatments Moisture% Dry matter, % CP, as %DM EE, as %DM Ash, as %DM
(Kcal/100gm)
Green 63.50 + 0.18° 36.50 +£ 0.18° 49.83 +0.13° 32.77 £ 0.19° 17.49 £ 0.13° 590.44 + 2.52°
White 64.50 + 0.09° 35.50 + 0.09° 49.40 £ 0.14° 32.60 + 0.08° 17.90 + 0.06° 586.36 + 0.09°
Red 68.91 + 0.15° 31.09 + 0.15¢ 46.93 +0.12¢ 35.90 + 0.08° 16.60 + 0.13° 603.60 + 0.472
Blue 56.50 + 0.16¢ 43.50 + 0.16° 47.33 £ 0.08° 35.20 + 0.10° 16.80 + 0.09° 599.25 + 0.982
Level of Significance 0.001 0.001 0.001 0.001 0.001 0.001

Means in the same column with different superscript are significantly different (p < 0.05).

Table 2: Mean + SEM of carcass chemical composition of Red tilapia fingerlings tested with different artificial light colors

Treatments Fl, gm/fish FCR PER, g PPV, % EG, kcal EU, %
Green 5.82 +0.99 2.61+0.26 1.57 £ 0.19 37.66 + 3.63° 6.87 £ 0.84 30.00 + 2.83°
White 5.93+0.10 2.29 £ 0.06 1.75 £ 0.06 37.85+1.32° 717 £0.19 30.01 £ 0.69°
Red 6.51+0.36 2.24 +0.24 1.84 +0.23 28.49 + 2.99° 6.89 +0.93 26.04 +2.14°
Blue 4.79+0.57 2.76 £ 0.49 1.53+0.23 47.79 + 2.33° 8.24 +£1.15 41.89 + 1.45°
Level of Significance 0.309 0.588 0.630 0.007 0.649 0.002

Means in the same column with different superscript are significantly different (p < 0.05).

Table 3: Mean + SEM of feed intake (Fl), feed conversion ratio (FCR), protein efficiency ratio (PER), protein productive value (PPV), energy gain (EG), and energy

utilization (EU) of Red tilapia fingerlings tested with different artificial light colors.
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Figure 3: Schematic pictures and final data (Mean + SEM) of a chromatogram for 3-Carotene (1U/ 100 g) accumulated in Red tilapia whole body tested with
different artificial lighting colors over fish rearing tanks for 42 days' experimental period. Means with different superscript are significantly different (p < 0.05).

colors. Similar results are obtained by Karakatsouli et al. [43], who

250 finds out that rainbow trout Oncorhynchus mykiss shows faster growth
and improved physiological condition under red light, with reduced
200 growth under blue light. The growth and skin color of Caspian kutum
Rutilus frisii have been examined with five tank colors (white, red, blue,
150 yellow and black) [12]. The results show that there are no significant

differences in growth performance between the different experimental
groups, but the final body weight tended to be higher in the yellow color
tank. On the other hand, in the case of gilthead seabream Sparus aura,
red light significantly increases brain dopaminergic activity, while a
tendency towards reduced growth is also observed. Also, some other
_- | — studies demonstrated that there are no significant differences in growth
performance when comparing different environmental colors such as on
Seahorses Hippocampus abdominal [44], on scaled carp Cyprinus carpio
L. [45] and on Atlantic salmon Salmo salar L [46]. Nevertheless, in a

i ) o study to evaluate the effect of tank wall color and light level, treatments
a'ﬁ;;ebga;- ?eest‘;%”:zm &fffgrgr?trgheigg a(IIlIJné;L?fr)w ggljgfé’?t’é?‘ﬁgh'?e;?ﬁg t{fﬂi affect the growth and survival of Eurasian perch larvae Perca fluviatilis
for 42 days' experimental period. L. [42]. The greatest growth in weight and length is observed in tanks

100

-Carotene (1U/ 100 g fish)

50
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Figure 5: Photos of fish pigmentation and percentage of fish with black spots (FBS) of Red tilapia subjected to different artificial lighting colors at the end of the

with light gray and white walls, while the lowest growth is recorded in
the tank with the black wall.

Condition factor is an indicator of the general fish condition.
It is used to assess the status of the aquatic ecosystem in which fish
live [47,48]. When the value of condition factor is higher, this means
that the fish has reared in a better condition, such as less stress, better
water quality, availability of well-balanced feeds, etc. Condition factor
is influenced by both biotic and abiotic environmental conditions. In
the present study, it seems that the effect of artificial light color on the
condition factor was very limited. The values of condition factor ‘K’
recorded in the present study are of greater than one under different
lighting colors, indicating a good heath status [42]. K values of Red
tilapia are similar with the findings of Ayoade et al. [49] with values
1.63-165 and less than 3.4 for females and 3.3 for males of Red tilapia
[50,51].

Results of the present study for Feed utilization (FI, FCR, and PER)
show insignificant differences between treatments with high values of
FCR in all groups. This might be attributed to low water temperature.
Lighting color definitely affects feed utilization in the present study. The
lower value of FCR and the higher values of FI for tilapia fish tested with
Red lighting color agree with the findings of [41], who finds out that
red light stimulates feeding motivation and improves feed conversion
in Nile tilapia, but without extra feeding. This is most likely by affecting
central control centers. Also, PER values reflect all the previous results
of growth performance parameters.

The importance of light reflection of rearing tank color on feed
utilization has been confirmed. Similar results of the present study,
obtained by Imanpoo et al. [12], detected no significant differences in
growth between the different tested tank color, but feeding rate (FR)
in the yellow color was lower than that in the black color with no
significant differences. Furthermore, Strand et al. [52] observed that
observed that there was significantly lower feeding rate in Eurasian
Perch Perca fluviatilis held in yellow tanks when compare with black
tanks. Also, McLean et al. [13] observed significantly lower FCR for
Summer Flounder (Paralichthys dentatus) held in red tanks when
compared against dark and light blue and green Aquaria. In the same
study, the highest FCR (poorest) were observed in tilapia held in dark
blue-colored aquaria.

In our experiment, PPV and EU values were significantly higher
under blue color treatment, indicating that the fish health is much
better than the other tested colors. The best health condition of tilapia
fish under blue color is due to lack of secretion of cortisol associated
with the inappropriate conditions or stressors [26,16] and other stress
hormones like glucocorticoids [53,54].

Whole-body proximate composition

Based on the results of the present study, significant effects of the
artificial light color on the chemical composition of Red tilapia can be
clearly detected. There is an evident correlation between the blue light
color and the quality of red tilapia. Volpato et al. [26] stated that blue
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light color can prevent or reduce stresses, and improves the welfare of
the Nile tilapia, while red color has negative effects on fish welfare [51].
The positive effects of blue color on the quality of Red tilapia meat in
the present study can be confirmed through the higher content of dry
matter, and the lower content of ash. These results are incongruent with
the findings of Sharaf, Volpato, Moharram, Zaki, et al. [3,26,55,56]. The
main explanation is that plasma cortisol levels may be at low levels in
fish submitted to a blue light as stated by Schierle et al. [38], while one
putative explanation is that fish exposing to red light color may have
higher levels of plasma cortisol. There was also a positive correlation
between ventilation rate [VR] resulted from social stressors, and
plasma cortisol concentration in Red tilapia [16]. There is a positive
correlation between stressors and plasma cortisol levels in Red tilapia
[16]. Increasing Plasma cortisol might effect on body composition
leading to higher levels of moisture and lower levels of the protein [57].

The darker lights results in higher EE values and lower protein and
ash content than the lighter colors. A similar trend was observed by
many authors. In the same context [58], reported that Nile tilapia long-
term exposure to green, red and darkness colors showed a significant
decrease in total protein compared to the yellow color (control). On the
other hand, total protein shows an insignificant decrease in the group
exposed to long-term blue light.

Different background colors may also influence the whole body
proximate composition of fish. Also, Imanpoo et al. [12] illustrated that
total protein of the Caspian kutum Rtilus frisii is the highest in black-
colored tanks and the poorest value was in yellow color treatment,
without any significant differences. Nevertheless, lipid content in the
yellow tanks treatment was significantly higher than black, but the body
moisture was inverse. McLean et al. [13] demonstrated that there are
no significant differences in dry matter and moisture between groups
(dark blue, light blue, black, green and red tank colors) on tilapia fillet.
Furthermore, the highest fillet lipid level is in fish maintained in red-
colored tanks and the lowest is in tilapia held in black-colored tanks,
without significant differences. Similarly, fillet protein level didn’t vary
across the various groups.

B-Carotene content

The purity and strength of color in red tilapia is one of the most
important characteristics that help to increase the demand and at the
same time affect the selling price. The influence of light coloration on
the fish color and beta-carotene content was profound of the present
study. The explanation of these values might be attributed to the stress-
releasing hormones. The positive effects of blue light color prevented
or reduced the confinement-induced cortisol response [26]. Under
blue color, the ability of red tilapia to deposit p-Carotene present in
the offered feed with higher rates might be improved than other
colors. The result of the present study is consistent with Yasir et al.
[59] who demonstrated that a blue or green background color could
give strength to the orange color, while a white color made fish less
color saturated but brighter. In another viewpoint, under a stressful
condition, fish are responding by the secretion of stress hormones
especially glucocorticoids, which have a remarked positive correlation
with the value of carotenoid coloration in fish [53]. Only fish with good
health can tolerate high glucocorticoid levels, and thus advertise this
ability through better deposition of carotenoids in its body [54]. Higher
plasma cortisol levels, faster ventilation rate, and darker skin color were
intensified more by Red tilapia fish subjected to confinement and social
stresses [16]. There is no conflict between the results of the present
experiment and both points of view. Based on Figure 5, there is no
conflict between the results of the present experiment and both points

of view. To clarify this point, the degree of Red color intensity and Black
color retardation rate in the tested fish, showed that the fish that were
exposed to a lower degree of light stress (blue color), displayed a lower
percent of fish containing the black spots (12%) and higher content of
carotene in its body. However, those fish exposed to higher levels of
stress, especially red color showed a higher percent of fish containing
black spots (more than 4-folds) and lower percent of carotene (less than
16-folds) compared with blue color.

Rapid color change in fishes is controlled by the brain through the
pigment called chromatophore [60]. The hormonal control of color
alteration in fishes involves two peptide hormones released from the
pituitary gland, namely a-MSH and MCH. When aquatic organisms
are placed on a stressful dark background, the MSH cells are activated
and release a higher concentration of a-MSH into the blood, causing
a dispersion of pigments in the dermal melanophores of the skin [12].
Also, the higher level of a-MSH induces cortisol release from the
internal tissue as demonstrated for Oreochromis mossambicus [61].

The tank color has a clear and documented effect on fish coloration.
Imanpoo et al. [12] reported that tank color significantly affected on
all body color parameters of Juvenile Caspian Kutum Rtilus frisii. The
values of (lightness) and (whiteness) are significantly lower in black
and red tank color than other color treatments. Redness and yellowness
are higher in red and yellow, respectively. However, the blue and white
colors do not significantly affect the body color. Also Sabri et al. [58].
reported that, there are no changes in skin color of Nile Tilapia in
different environmental color (blue, green, red, yellow and darkness).
With the exception of darkness treatment, fish skin color changed from
gray to dark, and finally to the black color when the darkness effect is
removed. It seems that the effect of lighting color is species-specific.
The effects of substrate color and light intensity on skin color change of
the juvenile seahorse, Hippocampus Erectus were investigated [62]. The
juveniles cultured with substrates of mixed colors (green and orange, or
green and red) had higher color change rates and survival than those
reared in a single color substrate (green, orange, red, or black). Also,
increasing light intensity increases color change rate of the juveniles.
In this context Yasir et al. [14] found that ambient light intensity
could regulate fish color performance, but cannot change the pigment
dominance by { - carotene.

The results of B-Carotene obtained in this experiment are conclusive
and very important economically and technically. However, many
studies need to be done to clarify the scientific explanation for this color
change phenomenon in Red tilapia.

Conclusion

It could be concluded that cultivating Red tilapia under a full
saline well water using artificial blue color will significantly improve
the pigmentation of red tilapia, and the quality of fish in terms of the
content of dry matter, but also protein and energy utilization of the
consumed feed. Despite the positive effect of red light on growth,
but it had negative effects on the content of carotene, the whole-body
chemical composition and the increased percentage of fish with black-
color spots. In conclusion, our results might be useful in improving fish
coloration with simple, economic and sustainable way.
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