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Introduction

Nile tilapia, Oreochromis niloticus has often been considered 
unique and exceptional for aquaculture construction. This is 
because of their motivating aquaculture characteristics, such as 
extraordinary growth rate, an ability to maintain good growth 
at high stocking densities, a good struggle to disease, noble food 
conversion rates and a ready acceptance of artificial feed [1]. 
Pigmentation is one of the important quality attributes of the fish 
for consumer acceptability. The pigmentation level of an aquatic 
animal may be an important factor affecting its market value 
and may also directly indicate its healthiness and quality [2]. It 
is well known that pigments are synthesized by algae and some 
microorganisms, as well as higher plants. Animals, including 
those of aquatic origin, cannot synthesis these pigments, but can 
convert them into other forms [3]. As a result, all animals must 
rely on pigments producing organisms for their requirement 
[4,5]. Natural and synthetic pigments are used in fish diets to  

 
enhance skin and fillet coloration. However, synthetic pigments 
are expensive and comprise 10-15% of the total feed cost while 
natural pigments could serve as cheaper alternatives [6,7]. Red 
pepper Capsicum annum, they are a rich source of vitamins A, 
C, and strong antioxidants, Capsanthin in pepper stimulates 
the immune system and helps in attacking infectious agents 
[8]. Capsanthin and capsorubin, which are 80% of the active 
ingredients, contribute the red color to pepper, red pepper and 
its products are commercially used as a spice [9]. Tomatoes and 
their preserves are good sources of healthy ingredients, especially 
lycopene and other carotenoids, folate, ascorbic acid, vitamin E, fl 
avonoids, and potassium, which behave like nutrients, and diverse 
disease preventing molecules. Lycopene and carotene constitute a 
major source of carotenoids, and the main red pigment lycopene 
– represents about 80-90% of the total carotenoid content 
in a tomato fruit [10]. Coloring agent for human food, and as 
pharmaceutical ingredient, in animal feeds, Oral administration 
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of red pepper meal, shrimp by-product meal, and astaxanthin in 
Oncorhynchus mykiss [11, 12], red pepper meal in Labidochromis 
caeruleus [13], astaxanthin, canthaxanthin, and Gammarus spp. in 
Carassius auratus [14] and beetroot and marigold in Schizothorax 
richardsonii [15] was successfully used for coloration. In addition, 
paprika oleoresin [16,17] and capsicum oleoresin [18] also 
enhance coloration in fish. The main purpose of this study was to 
evaluate the effect of different dietary of three natural pigments of 
(red pepper meal (RP), shrimp by-product meal (SH), tomato meal 
(TM) 2%) on growth performance, body chemical composition 
and flesh quality of monosex Nile tilapia (Oreochromis niloticus) 
fed with supplemented diets. 

Material and Method

Experimental design

This experiment was conducted at the Fish Nutrition 
Laboratory, Baltim Research Station, National Institute of 
Oceanography and Fisheries (NIOF), Egypt. Monosex O. niloticus 
adults were purchased from a private fish farm, Kafr El-Sheikh 
Governorate, Egypt. After acclimation in a concrete tank 
(5×10×1m) for two weeks and fed diet (25% crude protein) 
before the start of the experiments. Ten fish with an average 
weight of 100.8±5.5 g was randomly stocked into each of 12 
concrete tanks (5×2×1m) representing four treatments with 
three replicates per each. Experimental tanks were cleaned and 
supplied with fresh water and aeration. Water quality parameters 

including temperature, pH (Jenway Ltd., Model 350-pH-meter) 
and dissolved oxygen (Jenway Ltd., Model 970-dissolved oxygen 
meter) were measured weekly. Ambient water temperature, 
dissolved oxygen and pH through the experimental period were 
23.0±3.0oC, 6.8±3.0 mg L-1, and 7.8±0.2, respectively. Fish were 
fed to satiation the experimental diets twice a day every day at 
09.00 and 14.00 h, for 12 weeks. The system used here is flow-
through with 20% daily water exchange. Water quality parameters 
were monitored on a weekly basis throughout the experimental 
period using standard APHA methodology (1998) [19].  

Experimental diets: All the ingredients of the experimental 
diets were purchased from the local market at reasonable prices. 
Three natural pigments of (red pepper meal (RP), shrimp by-
product meal (SP), tomato meal (TM) 2%) compare with the basal 
diet (Ctr).  The diet used in the experiment was formulated to cover 
all nutrients required for tilapia as recommended by the [20]. Dry 
ingredients were finely ground by using a Lab-Mill, sieved, and 
then manually mixed to assure their homogeneity. A basal control 
diet was formulated to fulfill the nutrients requirement of fish 
contained 25% CP and 448.3 kcal/100g (Table 1). The basal diet 
was used as the control, and three other experimental diets. Diets 
were stored in labeled plastic bags and stored in the freezer at 
-20°C until used. O. niloticus fingerlings were fed test diets of 5 to 
3% of the total biomass of the fish per day, fed 3 times daily for 
90 days.

Table 1: Ingredient and proximate composition (% on dry matter basis) of the experimental diets containing natural pigments for the Nile ilapia O. 
niloticus

Ingredient (g kg - 1) Composition (%) of experimental diets

Ctr SH RP MT

Fish meal (65%) 70 70 70 70

Soybean meal 250 250 250 250

Corn gluten 80 80 80 80

Yellow corn 100 90 80 70

Shrimp by-product meal (SH) 0 20 0 0

Red pepper meal (RP) 0 0 20 0

Tomato meal (TM) 0 0 0 20

Wheat bran 150 150 150 150

Rice brine 300 300 300 300

Fish oil 20 20 20 20

Premix1 30 30 30 230

Total 1000 1000 1000 1000

Chemical composition (%)

Dry matter (DM) 91.4 91.7 91.2 91.1

Crud protein (CP) 25.3 25.4 25.1 25.4

Ether extract 10.4 10.2 10.6 10.4

Crude fiber 5.5 5.4 5.3 5.8

Ash 8.1 8.7 8.4 8.2
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Nitrogen free extract 49.3 49.7 49.4 49.8

G. E.  (kcal/100g DM)4 443.5 443.8 444.7 446.1

Premix composition 

Each 1 kg contains  Vit  A (400000 i.u.), Vit D3 (100000 i.u.), 
Vit E (230 mg) Vit K3 (165 mg) Vit B1 (300 mg), Vit B2 ( 80 mg), 
Vit B6 (200 mg), Vit B12 (1 mg), Vit C (650 mg), Niacin (1000 mg), 
Methionine (3000 mg), Choline chloride (10000 mg), Folic acid 
(100 mg), Biotin (2 mg), Pantothenic acid (220 mg), Magnesium 
sulphate (1000 mg), Copper sulphate (1000 mg), Iron sulphate 
(330 mg), Zinc sulphate (600 mg), Cobalt sulphate (100 mg), 
Calcium carbonate up to 1000 g; 4 Gross energy (GE) was 
calculated as 5.64, 9.44 and 4.11 kcal/100g for protein, lipid and 
NFE, respectively [20].

Experimental analysis 

Feed sample was used for proximate analyses (Table 1) 
and Fish samples were netted from tank at the period of the 
feeding trial. They were pooled and homogenized for proximate 
composition. Moisture, total protein, lipid, and ash contents were 
all determined by Standard Association of Official Analytical 
Chemist methodology (AOAC 2007) [21]. 

Evaluation of growth performance and feed utilization 
efficiency 

Growth performance and feed utilization including weight 
gain (WG, g), specific growth rate (SGR, % day-1), feed conversion 
ratio (FCR) and protein efficiency ratio (PER), were determined 

as follows: WG = (final weight, FW) – (initial weight, IW) (g/fish), 
SGR = 100 × [(FW)-(IW)] / experimental days, and FCR = feed fed 
(g) (dry weight) / WG (g). Protein efficiency ratio (PER) = (WG-
FI), Where Iw and Fw = mean initial and final body weight (g), 
respectively, Thiobarbituric acid - reactive substances (TBA-RS) 
value was determined by the method described by [22]. TBA was 
expressed as mg Malonaldehyde per kg sample. 

Sensory evaluation 

Sensory evaluation to assess fish quality was performed at 
the end of experiment. The fish fillets were assessed by a panel 
of four trained panelists. The samples were evaluated using a 
9-point hedonic scale, with 1 being the lowest and 9 the best. 
Both fresh and cooked samples were assessed. Fresh samples 
attributes assessed were general appearance and color, while the 
attributes of cooked samples assessed were texture, aroma, taste, 
and juiciness.

Statistical analysis 

Data were presented as mean±SE. The results were subjected 
to one-way analysis of variance (ANOVA) to test the effect of 
treatment inclusion on fish performance. Data were analyzed 
using SPSS program, Version 16 [23]. Differences between means 
were compared using Duncan’s (1955) multiple range test at p < 
0.05 level.

Table 2: Growth performances and feed utilization indices of fish of monosex O. niloticus as affected with different natural pigments during the 
experiment at the end of the 90 days feeding trial.

Ctr SH PR MT

Initial wt. 130.33±2.74 130.0±0.76 130.83±2.20 131.67±2.74

Final wt. 250.83±7.18 251.00±0.25 261.67±1.93 248.17±10.15

weight gain 120.50±5.29 121.00±2.92 130.83±2.21 116.50±7.00

SGR 0.72±0.01 0.73±0.01 0.77±0.03 0.72±0.03

Feed intake 223.67±4.06 220.33±6.35 214.67±4.81 211.67±2.72

FCR 1.76±0.06 1.83±0.08 1.64±0.08 1.94±0.15

PER 2.25±0.05 2.17±0.11 2.41±0.01 2.06±0.15

Results

The average initial weight of fish was 130.5±2.3g. Statistical 
insignificant (p≤0.05) differences in final weight, weight gain and 
SGR were found among the tested natural pigments compared 
to the control (Table 2). The obtained data showed that growth 
performance was insignificantly affected by natural pigments. Fish 
fed at RP showed the higher final weight (261.67g), weight gain 
(130.83) and SGR (0.77% day 1). At the end of the feeding assay, 
feed utilization efficiency indices for all experimental treatments 
are given in Table 2. It is obvious that the lowest (best) FCR was 

recorded at RP (1.64) followed by Ctr (1.76), whilst the worst FCR 
(1.94) was obtained in TM. Also, the best PER (2.41) was recorded 
in RP dietary group, whereas the lowest value was at TM.  The 
effect of natural pigments on biochemical composition of flesh in 
the present experiment is illustrated in Table 3. Moisture contents 
were the best when fish fed RP also ether extract. The highest 
significant (p≤0.05) ether extract (20.35%) and the lowest 
significant (p≤0.05) content of crude protein of flesh composition. 
Ash content showed significant (p≤0.05) differences among the 
tested natural pigments. The results of TBA-RS values of tilapia 
fish fillet that was stored for 5 days at 5±0.5°C for the current study 
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are presented in Table 4. Thiobarbituric acid is used as an index to 
evaluate the degree of lipid oxidation. In this study, the TBA values 
of SH recorded 0.35±0.01 mg MDA/kg at 0 day of storage. These 

values increased gradually with prolonged refrigerated storage 
periods up to 5th day to reach 0.7±0.04 and, it was found that TBA 
was higher value 2.38±0.01 mg MDA/kg in Ctr.

Table 3: Biochemical composition of flesh fish feeding trial (dry weight basis)

Initial Ctr SH RP MT

Moisture 83.83±0.26 81.18±0.08a 80.23±0.06b 79.65±0.20c 81.17±0.02a

CP 75.45±0.36 74.41±0.78a 73.25±0.36a 72.17±0.41b 73.90±0.24a

EE 16.34±0.68 18.81±0.08c 19.77±0.11b 20.35±0.20a 18.83±0.03c

Ash 8.10±0.43 6.68±0.13b 6.9±0.36c 7.39±0.685a 7.22±0.66a

Means in the same row with different superscript letters are significantly different at (p < 0.05).

Table 4: Effect of different dietary natural pigments on TBARs of Nile tilapia flesh under refrigerated storage at 5±0.5°C.

Storage Time (days)
Value (Mg Malonaldehyde/kg) TBA-RS

Ctr SH RP TM

0 0.28±0.17 0.35±0.01 0.38±0.2 0.48±0.17

3 0.80±0.22 0.48±0.04 0.45±0.16 0.55±0.19

5 2.38±0.55 0.7±0.04 0.94±0.43 1.26±0.45

The results of sensory evaluation of both raw tilapia samples 
and fish fillets that were stored for five days at 5 ± 0.5°C for the 
present study are presented in (Table 5,6). The values are means 
of riplicate determination ± SD. The sensory evaluation of fish is 
the using of one or more of the five senses to assess, or form an 
opinion on, some characteristic of quality. In the present study, 
the parameters that were used to do the sensory examination are 
body stiffness, appearance of fish, pupil, odour, gill appearance 

and gill odour. The mean value of parameters of quality index 
method (QIM) is the best for RP fish, and it is lowest for Ctr fish 
indicating that both treatments are at acceptable limits of Quality 
Index (QI) score. The quality of RP fish is higher than the quality 
of Ctr fish as the lower values of Quality Index (QI). scores indicate 
higher quality of fish and the higher values of Quality Index (QI) 
score indicate lower quality of fish.

Table 5: Sensoy evaluation of of raw Nile tilapia under refrigerated storage at 5±0.5°C. O. niloticus fed diets containing natural pigments for 90 
days (mean ± SEM)

Storage Time (days)

Whole fish 0 3 5

Ctr

color 9.00±0.47 7.80±0.63 6.70±0.48

Eye 8.50±0.53 7.90±0.57 7.20±0.79

Gills 8.40±0.52 7.70±0.48 7.30±0.82

Odour 8.30±0.67 7.50±0.53 6.50±0.53

Texture 8.30±0.48 8.10±0.32 7.00±0.82

Flesh condation 8.20±0.42 8.10±0.74 7.20±0.79

Overall acceptability 8.40±0.52 7.50±0.71 6.90±0.57

SH

color 8.90±0.57 8.00±0.47 6.90±0.57

Eye 8.30±0.48 8.10±0.57 7.40±0.70

Gills 8.00±0.47 7.80±0.63 7.40±0.70

Odour 8.70±0.82 8.00±0.94 7.80±0.63

Texture 7.90±0.74 8.00±0.47 7.00±0.47

Flesh condation 8.50±0.53 8.10±0.74 7.10±0.57
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Overall acceptability 8.30±0.48 7.60±0.52 7.00±0.67

RP

color 9.60±0.52 8.90±0.74 7.40±0.97

Eye 8.70±0.67 8.30±0.67 7.80±0.79

Gills 8.60±0.70 8.30±0.67 7.80±0.92

Odour 8.50±0.53 7.80±0.63 6.90±0.74

Texture 8.70±0.67 8.30±0.48 8.10±0.74

Flesh condation 8.50±0.53 8.10±0.74 7.80±0.92

Overall acceptability 8.60±0.52 8.10±0.74 7.40±0.70

TM

color 9.20±0.42 8.20±0.63 6.90±0.57

Eye 8.50±0.53 8.10±0.57 7.70±0.67

Gills 8.40±0.52 8.00±0.67 7.60±0.65

Odour 8.50±0.53 7.60±0.52 6.55±0.53

Texture 8.50±0.53 8.20±0.42 7.60±0.52

Flesh condation 8.50±0.53 8.10±0.74 7.60±0.84

Overall acceptability 8.40±0.52 7.90±0.57 7.20±0.63

Table 6: Effect of different natural dietary pigments on sensory evaluation of steamed Nile tilapia under refrigerated storage at 5 ± 0.5°C.

Storage Time (days)

steamed Nile tilapia 0 3 5

Ctr

Odour 8.67±0.50 7.56±0.53 6.44±o.53

taste 8.67±0.71 8.11±0.60 6.89±0.33

Texture 8.67±0.71 8.22±0.67 6.78±0.67

Overall acceptability 8.78±0.83 8.44±0.53 6.56±0.33

SH

Odour 9.22±0.67 7.89±0.78 7.22±0.44

taste 9.11±0.78 8.11±0.60 7.89±0.93

Texture 9.33±0.71 8.22±0.67 6.89±0.78

Overall acceptability 9.33±0.87 8.44±0.53 7.56±0.53

RP

Odour 9.00±0.71 7.67±0.50 7.22±0.44

taste 8.89±0.78 7.89±0.60 7.33±0.50

Texture 9.00±0.71 7.67±0.50 6.78±0.67

Overall acceptability 9.11±0.78 7.78±0.44 7.00±0.71

TM

Odour 8.78±0.67 7.44±0.53 6.89±0.33

taste 8.67±0.71 7.89±0.60 7.22±o.44

Texture 8.78±0.67 8.00±0.71 6.67±0.50

Overall acceptability 8.89±.93 7.89±0.60 7.22±0.44
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The most important parameters that were used to do the 
sensory evaluation of fillets of all treatment fish are rancid odour, 
flesh appearance and flesh consistency. Every parameter has a 
range of quality grades; SH is the highest grade of quality, Ctr is 
the sign of poor quality of fillets.

Discussion 

Pigmentation is unique of the vital quality qualities of the fish 
for consumer appropriateness. Natural pigments are responsible 
for pigmentation of flesh in nutrition fish and skin color in fishes. 
Red pepper Capsicum annum are inexpensive and abundant 
natural carotenoid sources. In this study, growth performance 
was insignificant, although improved in the RP treated. Likewise, 
30 to 60 mg/kg paprika improved growth performance of 
rainbow trout [12]. However, growth was negatively affected by 
C. annum and its extracts when used in high doses for rainbow 
trout [24] and Zacco platypus [25]. This was likely due to anti-
nutritional factors such as excessive pungency [25], tannin 
[26], or saponin [27]. Decreased as the dietary concentration of 
the carotenoid increased, Similar results were obtained when 
astaxanthin, C. annum, or its oleoresins were supplemented in 
diets for Labidochromis caeruleus [13] Zacco platypus [27], and 
rainbow trout [12,28,17] demonstrating that the accumulation 
of carotenoids in fish skin lowers lightness and hue. The diets 
containing carotenoids increased red, yellow, and chroma in 
the tilapia skin. Likewise, these carotenoids have successfully 
induced redness and yellowness in skin of koi carp [29], Pagrus 
auratus [30], Labidochromis caeruleus [13] and goldfish [29]; [17]. 
Further, chroma was enhanced by the addition of a carotenoid 
source in red porgy [31]. These studies show how well a much 
cheaper pigmentation affects skin or fillet color in fish within a 
short period, enabling the formulation of economically feasible 
diets. Red or gold tilapia (O. mossambicus) are evaluated by two 
concepts: a major advantage of red-gold tilapia for aquarium 
hobbyists is its attractive color while, for consumers, the red color 
of cultured salmonids, porgy, and snapper raise their market value 
and consumers often pay a higher price/kg for red tilapia than 
other tilapias of equivalent weight [32].

Conclusion

Based on the obtained results, the fish fed on natural pigments 
exhibited the best performance and the best feed utilization 
indices. This was evidenced by the best PER and the highest 
energy utilization for those fish. This was supported also by the 
increase in the flesh quality of monosex O. niloticus fed on RP. It is 
recommended to add natural pigments to the diets of monosex O. 
niloticus enhances body composition of fish, feed utilization and 
fish integrity with increasing economic efficiency.
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