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Abstract – The aim of this study was to evaluate the 

effects of different carotenoids present in tilapia fish 

(Oreochromus niloticus) feed on the color and the 

carotenoid content of the fillets. Nine hundred sixty 

tilapia fish weighing 20 – 40 g were randomly 

distributed in 24 tanks to receive the experimental 

diets during 80 days. The treatments consisted of six 

diets, as follows: one diet without any carotenoid, as 

the negative control (T1), one diet containing 

astaxanthin (T2) and four diets containing different 

concentrations of bacterial Rubrivivax gelatinosus 

biomass (T3, T4, T5 and T6), in which the main 

carotenoids are spirilloxanthin, spheroidene and 

hidroxyspheroidene. Color was measured 

objectively in the CIELab space and the carotenoids 

were extracted with solvents and estimated from the 

absorbance of the final solution. Except the 

treatment with 175 mg/kg of bacterial biomass (T3), 

the other treatments provided higher redness to 

flesh color than negative control. All treatments 

containing carotenoids provided higher carotenoids 

contents in the fillets than the negative control group. 

It was concluded that both the synthetic astaxanthin 

and R. gelatinosus biomass added into tilapia fish 

diets were able to increase the carotenoids 

concentration and the redness of fillets. 

 

I. INTRODUCTION 

 
The appearance of a food item plays a role in 

consumer evaluation and, hence, choice. For 

food, color is ranked alongside freshness as one 

of the main criteria governing selection (1). The 

distinctive red color of some fish makes them an 

option besides white fish, so adding value to the 

product and creating a trend in market (2). In 

farmed fish, the restriction to krill and 

phytoplankton prevents flesh to reach the red-

pink color as seen in fish living in wilderness (3). 

Since the color of the muscle is such an 

important quality attribute, carotenoids are used 

as colorants to provide pigmentation for farmed 

fish (3, 4). Besides their role as colorants in food, 

some carotenoids may also have antioxidant 

properties, preventing the deterioration caused 

by rancidity in food products (5). Moreover, 

some authors claim for positive effects on 

human health due to the ingestion of carotenoids, 

like the pro vitamin A role (6), the influence in 

the immune response (1, 7, 8), and the anti-

cancer and anti-coronary disease activities (9, 

10).  

Currently, carotenoids may be obtained from 

multistep chemical synthesis or from solvent-

based extraction procedures from natural sources 

like plants, yeasts, molds, algae and bacteria (4, 

11). Synthetic astaxanthin is widely used in 

aquaculture since it shows good ability to 

deposit in the skin, muscles, gonads and eggs of 

fish (12). Nevertheless, the market for natural 

colorants has been showing an increasing 

importance due to the restriction to artificial 

additives in foods (13). In this scenery, 

carotenoids produced by Rubrivivax gelatinosus, 

a phototrophic bacterium with the ability to 

grow in industrial liquid byproducts (14, 15), 

appear as an alternative for the use of synthetic 

colorants.  

Although color is a feature for salmonids, this 

study was conducted with tilapia (Oreochromus 

niloticus) due to the ease of farming this kind of 

fish in Brazil. However, the production of red 

tilapia flesh might aggregate value to the product 

and provide another option for consumers, so 

representing a new trend in market.  

The aim of this study was to evaluate the effects 

of different colorants present in tilapia fish feed 

on the color and the carotenoid content of fillets. 

 

II. MATERIALS AND METHODS 
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Experimental design, treatments and fish 

farming  

A completely randomized design with six 

treatments and four replicates was adopted for 

the study. Nine hundred sixty tilapia fish 

(Oreochromus niloticus) weighing 20 – 40 g 

were randomly distributed in 24 tanks to receive 

the experimental diets. The treatments consisted 

of six diets, as follows: one diet without any 

carotenoids as the negative control (T1), one diet 

containing astaxanthin 10% (Carophyll Pink, T2) 

and four diets containing R. gelatinosus biomass 

(with spirilloxanthin, spheroidene and 

hidroxyspheroidene as the main oxycarotenoids) 

at different concentrations (T3, T4, T5 and T6), 

according to Table 1. The bacterial biomass 

contained 57% protein, 11% lipids, 4% minerals 

and 3 mg oxycarotenoids per gram and was 

grown in the fish industry effluent (16). 

Feeding was performed thrice a day during the 

trial, which lasted for 80 days. During the 

experimental period, residues deposited in the 

bottom of the tanks were removed by siphoning 

once a week and the water quality parameters 

(pH, dissolved oxygen, nitrate, ammonia, 

chlorine) were monitored every two days. Proper 

aeration was ensured by using an air compressor 

and temperature was maintained at 28ºC. At the 

end of the experiment, fishes were stunned in a 

benzocaine solution, slaughtered by sectioning 

the gills and cut in fillets for the analyses.    

 

Color assessment 

The objective color (L - lightness, a - redness, b 

- yellowness) was assessed on the central point  

 
Table 1. Treatments of the experiment 

 

Treatment Diets 

T1 Basal diet 

T2  
Basal diet + Carophyll Pink 

(350 mg/kg) 

T3 
Basal diet + R. gelatinosus biomass 

(175 mg/kg) 

T4 
Basal diet + R. gelatinosus biomass 

(350 mg/kg) 

T5 
Basal diet + R. gelatinosus biomass 

(700 mg/kg) 

T6 
Basal diet + R. gelatinosus biomass 

(1400 mg/kg) 

 
 

Fig. 1. Central point of the medial side of fresh fillets 

 
of the medial side of fresh fillets (Figure 1) with 

a portable colorimeter MiniScan XE Plus 

(Hunterlab) previously standardized with black 

and white tiles, using illuminant D65 and 10º for 

the observer angle. Three consecutive 

measurements were performed for obtaining the 

average of color attributes. 

 
Carotenoid concentration 

Fresh fillets were frozen at - 30 °C and then 

lyophilized in a vacuum chamber during 48 h. 

The powdered flesh used to asses on carotenoid 

concentration was obtained by grinding the 

lyophilized samples with a mortar and a pestle. 

For the carotenoids extraction, 1 mL DMSO was 

added to 0.1 g of the powdered flesh in 

Eppendorf tubes, followed by vortexing for 10 s 

and sonication in a 40 °C water bath for 15 min. 

Next, 500 L acetone was added and the 

contents were again vortexed for 10 s and 

centrifuged at 400 x g for 4 min. For the phase 

separation, the extract was transferred to another 

tube and added of 500 L diethyl ether and 250 

L deionized water. The upper phase was 

transferred to another tube and dried under N2 

stream. Saponification was performed overnight 

with 200 L 6% KOH:ethanol (1:9), followed 

by another partition with diethyl ether and 

deionized water and final drying with N2. For 

the carotenoid quantification, the dried extract 

was diluted in 2 mL ethanol and the absorbance 

was read in spectrophotometer at 475 nm. 

Extinction coefficient 2500 was used for the 

calculations and the carotenoids in powdered 

flesh of tilapia fish were expressed as total 

carotenoids, in mg/kg.  
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Statistical analyses 

Data on color and carotenoids concentrations 

were analyzed by ANOVA and Tukey´s test to 

check on differences between means. Data were 

analyzed by the Action Supplement procedures 

of Excel. All statements of significance were 

based on P < 0.05. 

 

III. RESULTS AND DISCUSSION 

 

Table 2 shows the results for the objective color 

of tilapia fillets. Lightness and yellowness were 

not significantly influenced by treatments (P = 

0.3072 and P = 0.4480, respectively) whist the 

other treatments with carotenoids (except T3), 

provided higher redness to flesh color than 

negative control.  

According to Diler et al. (17), diets for farmed 

fish must be supplemented with either natural or 

synthetic pigments not to be rejected by 

consumers due to the pale and greyish colors of 

their flesh. Results found in this study certify the 

ability of astaxanthin and R. gelatinosus biomass 

to provide redness improvement in farmed fish. 

Other authors had already found an increase in 

trouts pigmentation due to the use of synthetic 

astaxanthin in the diets (18, 19). Nevertheless, 

although R. gelatinosus biomass had already 

been tested for improving broilers meat color 

(20), this was the first time it was used as a 

colorant for fish feeding, what renders the 

results presented herein very relevant. So, it was 

shown that dosages around 370 mg biomass/kg 

feed and above are necessary to increase redness 

in tilapia muscles, providing a values similar to 

those provided by the synthetic pigment.  

Table 3 shows the concentration of carotenoids 

in the fillets.  From  that  it can be seen that in all  

 
Table 2. Color attributes for tilapia fish fillets 

 

 Color attribute* 

Treatment L  A B 
T1 52.25 ± 0.40a 1.21 ± 0.26b 10.95 ± 0.77a 

T2 51.84 ± 2.34a 2.48 ± 0.26a 11.37 ± 0.41a 

T3 50.68 ± 1.46a 1.37 ± 0.17b 10.87 ± 0.19a 

T4 51.85 ± 0.53a 2.08 ± 0.31a 10.52 ± 1.41a 

T5 50.89 ± 0.98a 2.66 ± 0.31a 12.01 ± 2.21a 

T6 50.18 ± 1.80a 2.49 ± 0.30a 11.88 ± 0.85a 

CV 1.58 30.25 5.25 

P 0.3072 >0.0001 0.4480 

* Means followed by different letters in the column are 

significantly different (P < 0.05) 

Table 3. Carotenoid concentration (mg/kg) in tilapia 

fish fillets 
 

Treatment Carotenoid concentration 

(mg/kg)* 
T1 3.3 ± 0.41b 

T2 5.7 ± 0.16a 

T3 5.3 ± 0.21a 

T4 5.3 ± 0.22a 

T5 5.7 ± 0.90a 

T6 5.8 ± 0.54a 

CV 18.58 

P >0.0001 

* Means followed by different letters are significantly 

different (P < 0.05) 

 

the treatments with colorants, the carotenoid 

contents were higher than for the negative 

control group (P<0.05). Some other authors also 

found the deposition of carotenoids from diets in 

fish fillets (18, 19, 21, 22). However, in this 

study, there seemed to be a saturation effect for 

the deposition of these substances in muscles 

since, regardless of the type and the quantity 

administered, the amounts of carotenoids found 

in the flesh were the same. That means that the 

carotenoids in R. gelatinosus biomass have the 

same ability as astaxanthin to deposit in muscles. 

These are very promising results since the 

frequent consumption of fish fed carotenoids 

might work as a carotenoid supplementation and 

so bring beneficial effects to human health.  

The results found in this study show that R. 

gelatinosus biomass may find a role as a 

pigmenting additive for tilapia fish and so be 

considered as an option besides the synthetic 

additive studied. 

 

IV. CONCLUSION 

 

Both the synthetic astaxanthin and the R. 

gelatinosus biomass added into tilapia fish diets 

increased the carotenoids concentration and the 

redness of fillets. 
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