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ABSTRACT 

 
The present study was conducted to evaluate the effect of feeding four carotenoid sources 

(commercially available Astaxanthin, (20, 40 and 60mg / kg) Dunaliella salina extract(DSE) (200,400 and 600 
mg / kg), crayfish meal (Cherax quadricarinatus) (10, 20 and 30 g / kg)  and squilla sp meal(10, 20 and 30g / 
kg) on growth performance, stress resistance, final flesh quality, lipid oxidation, pigmentation and carotenoids 
deposition in the flesh of Oreochromis spp. Twenty fingerling with an average individual weight of 3.5±0.5g 
were stocked in circular fiberglass tanks (each 1 m3 with capacity of 1000 l) for a period of 14 weeks. Results 
showed that 400 mg Dunaliella salina was highly significant among all the other treatment in FBW, ADG, 
BWG, SGR, relative growth rate and, PER (13.59±0.01, 0.12±0.00, 10.57±0.01, 1.65±0.00, 449.18±0.41 and 
2.22±0.12, respectively). Crayfish at 20g showed a high significant in crude protein and carcass energy among 
all the other treatments (79.89±14.70 and 697.54±50.18 ,respectively) .The TBARS values in Oreochromis spp 
flesh showed a significant decreased among all carotenoid sources as the time of frozen storage elapsed as 
compared to control. DSE at 600mg and 200 mg was highly significant from the other treatment in carotenoid 
flesh content (49.65015, 43.8582475 ng/g, respectively) while the control didn't record any deposit of 
carotenoids. Tilapia fed astaxanthin 20, 40 and 60mg/kg diet exhibited higher resistance to stress test than other 
groups. Crayfish meal in30g enhanced reddish values (4.22) as compared to control. Astaxanthin at 20mg was 
higher than DSE at 200mg in yellowness and chroma values, In conclusion, the four carotenoids sources showed 
significant effect on survival, growth performance, feed utilization TBARS values, total carotenoids 
concentration, pigmentation, and markedly enhances the commercial value of this cultured species on special 
emphasize on Dunaliella salina. 
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Introduction 
 

Global fish production growth continues to outpace world population growth. In 2012, while global 
marine capture fishery production was stable at about80 million tonnes, global aquaculture production set 
another all-time high at more than 90 million tonnes (including almost 24 million tonnes of aquatic plants). 
Aquaculture remains one of the fastest-growing food-producing sectors and is set to play a key role in meeting 
the rising demand for fishery products (FAO, 2014).  

Red tilapia (Oreochromis niloticus X O. mossambicus) is increasing in popularity among producers 
because of its attractive colour, increased marketability and the high salinity tolerance of some strains. Red 
tilapia is relished by consumers in many countries for its good flesh quality and market potential (Liao, 1981). 

Carotenoids are lipophilic pigments produced by plants, photosynthetic Prokaryotes and several 
heterotrophic bacteria and fungi. Carotenoids play a vital role in photosynthesis, as pigments protecting from 
photo-oxidation and contributing to the light harvesting process. (Hirschberg, 2001; DellaPenna, and Pogson, 
2006 and Walter and Strack, 2011).Carotenoids are potent biological antioxidants that can absorb the excited 
energy of singlet oxygen onto the carotenoid chain, leading to the degradation of the carotenoid molecule but 
preventing other molecules or tissues from being damaged. They can also prevent the chain reaction production 
of free radicals initiated by the degradation of poly-unsaturated fatty acids, which can dramatically accelerate 
the degradation of lipid membranes (Guerin, 2003). 

 Generally, animals lack the capability to synthesize carotenoids and, hence, they need a dietary source 
for these pigments that act as antioxidants and, more importantly, as precursors of vitamin A (retinol) and its 
derivatives retinal and retinoic acid (Fraser and Bramley, 2004 and Von Lintig, 2012). 

Fish contain various kinds of carotenoids, the dominant of which is peculiar to the species concerned. 
Carotenoids commonly occurring in fishes with their colors are tunaxanthin (yellow), lutein (greenish-yellow), 
β-carotene (orange), doradexanthins (yellow), zeaxanthin (yellow-orange), canthaxanthin (orange-red), 
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astaxanthin (red), eichinenone (red) and taraxanthin (yellow). Many fish accumulate carotenoids in their 
integuments and gonads. On the other hand, Salmonidae fish peculiarly accumulate astaxanthin in muscle. 
Except for catfish, carotenoids in the integuments of fish exist in an esterified form. Though fishes cannot 
synthesize carotenoids de novo certain fishes have the capacity to convert one form of carotenoid into another 
carotenoid (Chavarría et al., 2013). 

Astaxanthin is the main carotenoid pigment found in aquatic animals and is present in many of our 
favorite seafood's including salmon, trout, red sea bream, shrimp, lobster and fish eggs. In many of the aquatic 
animals in which it is found, astaxanthin has several essential biological functions including protection against 
oxidation of essential polyunsaturated fatty acids; protection against UV light effects; immune response; 
pigmentation; communication; reproductive behavior and improved reproduction (Lorenz, 2000). Astaxanthin is 
very good at protecting membranous phospholipids and other lipids against peroxidation (Palozza and Krinsky, 
1992 and Naguib, 2000).  

The aim of this study is to investigate the possible effect of feeding four carotenoid sources 
(commercially available Astaxanthin, Dunaliella salina extract (DSE), crayfish meal (Cherax quadricarinatus) 
and squilla sp meal) on growth performance, stress resistance, lipid oxidation, pigmentation and carotenoids 
deposition of Oreochromis spp fingerling. 

 
Materials and Methods 

 
Apparently healthy two thousand fingerlings red hybrid tilapia (Oreochromis spp) were obtained from 

maryout company hatchery farm (Alexandria) and transferred to the laboratory and reared in a 1000-l fiberglass 
tank prior to the experiment.  

 
Fish and culture conditions: 

After the acclimation, fish were selected and randomly stocked into 13 fiber glass tanks (each 1m3 with 
capacity1000-l), the stocking density was 20 fish per treatment. Mean initial body weight of fish was 3.5 g ± 0.5 
for all treatments. Each tank was continuously aerated with an air stone. Fish were maintained on an artificial 
light of 12/12h. Fish from each replicate were weighted every 2 weeks. All tanks were cleaned daily before the 
first feeding by siphoning off accumulated waste materials. Approximately 150 litter of water in each tank was 
replaced with de-chlorinated tap water. Each tank was supplied with electric heater and the water temperature 
was maintained on 251C through the thermostat. 
 
Basal diet and experimental design: 

Five hundred and twenty red hybrid tilapia were randomly allocated in 13 tanks (1tank / treatment) with 
20 fish per 500 litter water, and all subject to the same environmental condition, and the daily amounts of food 
were readjusted as percentage of live body weight at feeding rate of 5 %for 13 weeks. 
 
Preparation of the experimental diets:  

The diets were prepared by mixing thoroughly the dry ingredients (Table 1) at first and with oil 
thereafter. Before the beginning of the mixing process, stocks of carotenoids were prepared. The basal diet was 
used as a control diet without addition of carotenoids. 

  
Table 1. Shows the feed ingredients (%) and chemical composition (%) of the basal diet: 

Gm/kg  Ingredients  
200  Fish meal  
100 Shrimp meal 
300 Soybean meal 
325 Corn meal  
67 Rice particles  
3 Vitamin and minerals mixture*  
5 Oil 

1000  Total 
 Chemical composition  

92.50 Dry matter (DM) Nutrient (%)on dry matter basis  

45.025 Crude protein(CP)  
7.044 Ether extract(EE) 
9.125 Ash 
2.215 Crude fiber (CF)  
36.591  Nitrogen free extract* 

440.002 **Gross energy(kcal /100g DM ) 
**Gross energy, calculated on the basis of 5.64, 4, 11 and 9, 44 kcal GE / g protein, NFE and Ether Extract respectively (NRC, 1993). 
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The other tested diets were prepared by adding different levels of Synthetic Astaxanthin (20, 40 and  
60mg / kg) , Natural Dunaliella salina extract(200 ,400 and  600 mg / kg) , Chitin from Cray fish (10, 20 and 30 
g / kg) and Chitin from Squilla sp (10, 20 and 30 g / kg) respectively.  The level of carotenoids were first 
dissolved in oil and mixed through with the basal diets. After that 350ml of freshwater/kg feed was added and 
mixed well for 10 min., passed through the meat grinder, the spaghetti-like feed was broken into very small 
pellets and dried at 60°c until the moisture was less than 10%.Dried diets were passed through 0.3mm screen. 
Carotenoids sources were added as feed additives.  
 
Biological parameters: 
The following parameters were calculated: 
SGR (%/day) = 100× (ln W1-ln W0)/days. 
SR= (No. of fish at end / No. of fish at the start) ×100. 
FCR= dry matter feed intake (g)/body weight gain (g) 
PER (%) = weigh gain (g) / protein intake (g) 
PPV (%) = Retained protein (g) /protein intake (g) ×100. 
 
Stress tolerance: 

At the termination of the feeding experiment (13weeks), 50% of the survived red tilapia from each 
treatment was moved in duplicates to stress test tanks (500-l). Red tilapia were stressed under low dissolved 
oxygen condition by stopping the aeration and overlying plastic sheet on the water surface in each tank for 10h . 
Oxygen level was linearly decreased to 0.5-l mg / 1 within 10h (6.00 am-4.00pm) per day and then returned to 
normal condition in the evening. This challenge test was run for 20 consecutive days. Mortality of the red tilapia 
in each group was recorded for 18 days period (El-Bermawi, 2009). 
 
Measurement of pigmentation in Oreochromis spp: 

Colour was measured in the flesh area of five randomly selected fish from each feeding group. Colour of 
Oreochromis spp flesh samples was determined using a Hunter Lab EazyMatchQC (USA) (L*, a*, b*) 
according to (Caliskan and Polat, 2011). The L* value represents lightness (L* 0 for black, L* 100 for white), 
whereas the a* scale represents the red/green dimension, with positive values for red and negative ones for 
green. The b* scale represents the yellow/blue dimension, with positive values for yellow and negative ones for 
blue. L*, a*, and b* values were measured on three different spots in each samples. The results were recorded 
as the mean of these measurements. The chroma (C*) value, calculated as = (a*2 + b2)1/2 indicates color 
intensity. Hue angle a parameter that has been shown to be effective in predicting visual color appearance, was 
calculated using the formula hue° = tan-1 (b*/a*), where 0◦ or 360◦ = red-purple, 90◦ = yellow, 180◦ = green, 
and 270◦ = blue. 
 
TBARS determination: 

At the end of the feeding experiment, samples of red tilapia were put into sacks and frozen stored at -
20°C for four months. Samples of different treatments were periodically tested on monthly bases for TBARS. 

 
Thiobarbituric acid reactive substances (TBARS): 

The Thiobarbituric acid value was determined calorimetrically by the method described by Kirk and 
Sawyer, (1991), where two from red tilapia flesh replicate were used. A  portion(200mg) of sample was made to 
volume with 1-butanol and mixed .A portion (5.0ml) of the mixture was pipetted  into a dry stoppered test tube 
and 5 ml of TBA reagent  (preapared by dissolving 200 mg of 2-TBA  in100 ml  1-butanol , filtered  ,stored at 
4°c for not more than7 days) were added . The test tube were stoppered, vortexed and placed in a water bath at 
95°c for 120 min, then cooled. Absorbance (As) was measured at 530 nm against water blank .A reagent blank 
was run and absorbance (Ab) recorded. Using Spectrophotometer (T80 UV/VIS Spectrometer PG instruments 
Ltd) for estimating absorbance of red tilapia flesh samples. 

 
TBA value (mg of malonaldehyde) equivalents/ kg of tissue) was obtained by the formula:  

 
 

 
HPLC analysis of carotenoids of (Oreochromis spp): 

Chemically pure analytical standards of all-trans-retinol and astaxanthin were obtained from Sigma-
Aldrich. (Through Fisher Scientific), and β-carotene, lutein, zeaxanthin, canthaxanthin and β-cryptoxanthin 
were generously donated by Sigma-Aldrich. HPLC grade methanol, methyl-tert-butyl ether (MtBE) and acetone 
were obtained from El-gomhoria Company. All other reagents and solvents were of high analytical grade 

 50*(As - Ab)  
200  

=TBA 
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supplied by VWR Scientific Products (Suwanee, GA, USA). Water was obtained from a Milli-Q (Millipore, 
San Jose, CA, USA) filtration system equipped with a 0.22 µm filter. 
HPLC/UV–Vis: 

Agilent technologies series 1200,Germany UV–vis detector was coupled in-line to the Waters 2695 
HPLC, and the same analytical and guard C18 columns were used for LC–UV–vis as described for LC–ESI(+)–
MS analysis. UV–vis absorption spectra were recorded in the wavelengths 480 nm (carotenoid absorption 
maximum) and 325 nm (retinoid absorption maximum). According to Li et al., (2005). 

 
The final concentration = the reading * volume (0.5 ml)    

Weight (4 g) 
Statistical analysis: 

The data collected were statistically analyzed using General Linear Models Procedure (GLM) adapted by 
SPSS (1997) for users guide. Means were statistically compared for the significance (P<0.05) using Duncan's 
multiple range test (1955). 

 
Results and Discussion 

 
Growth performance and feed utilization of Oreochromis spp fingerlings parameters has been studied for 

91 days are presented in Table (2). There were no significant differences in initial body weight among all tested 
treatment. Which mean that a random distribution of fish was performed in the different treatments at the 
beginning of the experiment. During the period of the study our data indicated that among all the tested 
treatments 400 mg Dunaliella salina/kg diet has been improved FBW, ADG, BWG, SGR and RGR 
significantly (13.59±0.01 a, 0.12±0.00 a, 10.57±0.01a, 1.65±0.00a, 449.18±0.41a, respectively). 
 
Table 2. Effect of dietary carotenoids on final body weight (FBW), body weight gain (FBW), body weight gain (BWG), specific growth rate 

(SGR) and survival (%) for Oreochromis spp fingerlings. 

Items 

Initial 
body 

weight(g 
/fish) 

FBW(g/fish) ADG(g/fish) BWG(g/fish) SGR(%day) 
Relative growth 

rate 
Survival (%) 

Formula 

T1 
 

3.07±0.02 11.07 ab ±0.39 
 

0.09 bc±0.01 
 

8.00 bc ±0.37 
 

1.41 ab ±0.03 
 

361.29 ab ±10.99 
 

95.00 c±0.00 
 T2 3.04±0.01 

 
12.78 ab ±0.13 

 
0.11 abc ±0.00 

 
9.74 abc ±0.14 

 
1.58 ab±0.02 

 
420.60 ab ±5.85 
 

100.00 a ±0.00 
 T3 3.06±0.03 12.88± ab 0.15 0.11 abc ±0.00 9.83 abc ±0.18 1.58 ab ±0.02 422.20 ab ±8.38 100.00 a ±0.00 

T4 3.05±0.00 12.77 ab ±0.47 0.11 abc ±0.01 9.72 abc ±0.47 1.57 ab ±0.04 418.45 ab ±15.17 100.00 a ±0.00 
T5 3.04±0.01 13.14 ab ±0.16 0.11 abc ±0.00 10.10 abc ±0.15 1.61 ab ±0.01 432.50 ab ±3.57 100.00 a ±0.00 
T6 3.03±0.00 13.59 a ±0.01 0.12 a±0.00 10.57 a ±0.01 1.65 a ±0.00 449.18 a ±0.41 100.00 a ±0.00 
T7 3.09±0.01 12.52 ab ±0.32 0.11 abc ±0.01 9.43 ab ±0.30 1.54 ab ±0.03 405.23 ab 100.00 a ±0.00 
T8 3.05±0.00 10.28 b ±0.03 0.08 c ±0.00 7.23 b ±0.02 1.34±0.01b 336.89 b ±0.81 100.00 a ±0.00 
T9 3.09±0.01 11.21 ab ±2.10 0.09 abc ±0.02 8.12 ab ±2.11 1.40 ab ±0.22 363.31 ab ±69.40 90.00 d ±0.00 
T10 3.11±0.02 10.62 ab ±0.34 0.09 bc ±0.01 7.52 ab ±0.37 1.36 b ±0.04 342.45 b ±13.65 100.00 a ±0.00 
T11 3.11±0.02 12.49 ab ±1.69 0.10 abc ±0.02 9.39 ab ±1.66 1.52 ab ±0.14 402.41 ab ±51.19 100.00 a ±0.00 
T12 3.03±0.00 13.17 ab ±1.46 0.12 ab ±0.02 10.15 ab ±1.46 1.61 ab ±0.12 435.30 ab ±48.18 97.50 b ±2.50 

T13 3.07±0.02 
 

12.27 ab ±0.44 
 

0.11 abc ±0.01 

 
9.20 ab ±0.45 

 
1.53 ab ±0.05 

 
400.47 ab ±15.92   
 

100.00 a ±0.00 
  Mean in the same column having different letters are significantly different at (p≤005). 

T1:control , (T2,T3,T4:Astaxanthin 20-40-60 mg / kg) , (T5,T6,T7: Dunaliella salina  200-400-600 mg / kg)(T8,T9,T10 Crayfish cherax 
quadricarinatus 10-20-30g / kg) (T11,T12,T13 squilla sp 10-20-30g / kg). 

 
These results were in accordance to Hu et al., (2006).Who found that β-carotene, a dimer of vitamin A, is 
another neutraceutical of interest that has been shown to increase growth rate in Nile tilapia.Also this finding 
agree with Supamattaya et al., (2005)  result ,200-300 mg /kg of β-carotene from Dunaliella salina  (Algro 
Natural®) showed  its high efficiency for growth ,survival and pigmentation in black tiger shrimp. Also this 
finding agrees with D’Abramo and Johnson et al., (1983). Found that the comparison of the use of crayfish 
wastes and D. salina in the diet for lobsters indicates best growth results for the brine shrimp.Results disagree 
with the results of Sommer et al., (1991).Who demonstrated that the addition of dried algae (D. salina) at the 
high level of 100 mg g-1 of an artificial diet for the freshwater crayfish (Cherax tenuimanus) resulted in no 
significant effect on growth. Crayfish meal as a source of carotenoids in doses 20 and30g significantly reduces 
FBW, ADG, BWG, SGR and RGR as compared to other treatment. Using 10g crayfish meal did not improve 
FBW, ADG, BWG, SGR and RGR significantly (10.28±0.03, 0.08±0.00, 7.23±0.02, 1.34±0.01, 336.89±0.81, 
respectively) as compared to the rest control treatment.There were no significant differences among diet 
contained astaxanthin and Squilla meal in FBW, ADG, BWG, SGR and RGR compared to the control. Feed 
intake Oreochromis spp fingerlings of the experiment are illustrated in Table (3). The results revealed no 
significant differences in FI, FCR, and EG and EU. 
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Effect of different sources of carotenoids on carcass composition of Oreochromis spp fingerlings are 
presented in Table (4).The obtained results revealed that significant (P< 0.05) positive effect of carotenoids 
supplement from crayfish meal and Squilla meal on crude protein and ether extract. Crustacean meals have been 
used as alternative protein sources in several species showing successful results on diet appetence and growth 
performance (Goytortúa-Bores et al., 2006; Kalinowski et al., 2007 and Tibbetts et al., 2010) these results were 
in accordance to those obtained in the present study. 

Our result demonstrated that crude protein gave the highest value in treatments was fed on crayfish, this 
finding agree with Knorr, (1991).Who found that crayfish products are used mainly as a supplement in animal 
feed, or not used at all, but deposited on the land, constituting an important focus of environment pollution. 
However, because of its high protein content, this by-product could be a good source of protein if appropriate 
processing was developed. 
 
Table 3. Effect of dietary carotenoids on feed intake, feed conversion ratio (FCR), protein utilization (PER-PPV), energy utilization and 

energy gain for Oreochromis spp fingerlings. 
Energy 

Utilization 
(%) 

Energy gain 
(kcal) 

PPV (%) PER FCR 
Feed intake 

(g/fish) 
Items 

11.09±1.06 11.88±1.40 8.84c±0.68 0.79 cd±0.06  2.84±0.09 22.70±0.32 T1 
11.80±1.20 12.51±1.42 12.91bc±0.27 1.10 a ±0.02 2.34±0.02 22.79±0.10 T2 
13.54±0.69 14.62±0.96 13.94bc±0.63 1.08 ab ±0.02 2.31±0.00 22.69±0.44 T3 
12.49±0.64 13.78±0.62 13.14bc±1.63 1.03 abc ±0.11 2.45±0.10 23.72±0.18 T4 
9.90±0.54 11.26±0.51 11.26bc±0.13 1.03 abc ±0.04 2.47±0.03 24.99±0.07 T5 
14.40±1.22 14.70±0.09 13.33bc±1.07 1.08 ab ±0.06 2.36±0.01 24.92±0.05 T6 
11.98±2.72 12.18±2.16 14.46abc±3.41 1.04 abd ±0.05 2.47±0.03 23.26±1.02 T7 
13.02±4.35 12.31±3.65 12.20bc±3.09 0.79 cd ±0.04 2.94±0.17 21.22±1.12 T8 
21.52±6.39 15.18±2.89 20.03a±0.71 0.88 abcd ±0.16 2.67±0.48 20.63±1.75 T9 
15.59±2.66 10.94±1.27 13.27bc±1.52 0.76 c ±0.02 2.98±0.10 22.36±1.79 T10 
19.20±4.00 14.31±4.14 16.73ab±2.28 0.89 abcd ±0.10 2.47±0.26 22.73±1.74 T11 
21.10±1.53 16.37±1.66 17.18ab±2.12 0.92 abcd ±0.11 2.45±0.25 24.51±1.04 T12 
17.97±0.61 13.86±0.16 16.17ab±1.05 0.82 bcd ±0.02 2.55±0.05 23.38±0.62 T13 

 Mean in the same column having different letters are significantly different at (p≤005). 
T1:control , (T2,T3,T4:Astaxanthin 20-40-60 mg / kg) , (T5,T6,T7: Dunaliella salina  200-400-600 mg /kg)(T8,T9,T10 Crayfish cherax 
quadricarinatus 10-20-30g / kg) (T11,T12,T13 squilla sp 10-20-30g / kg). 
 
Table 4.Effect of dietary carotenoids onCarcass composition for Oreochromis spp fingerlings. 

%on dry matter basis Items 

Carcass energy(kcal/100g) ash Ether extract Crude protein Dry matter 
Formula 

516.98±5.67b 10.60±2.87 31.02±1.79ab 39.75±2.00 e 27.25±1.22 ab T1 
488.22±27.88b 12.84±2.87 25.73±2.75ab 43.51±0.35 de 25.96±0.51abc bc T2 
513.27±17.96b 10.19±0.48 28.11±1.26ab 43.96±1.08 de 27.76±0.11 a T3 
492.71±14.37b 10.95±1.02 26.32±1.41ab 43.31±0.20 de 27.87±0.78 a T4 
465.38±13.44b 12.72±1.00 23.17±1.37ab 43.74±0.09 de 24.50±0.39 bc T5 
496.03±4.51b 13.57±0.11 26.76±0.61ab 43.17±0.23 de 27.31±0.36 ab T6 

499.64±55.84b 12.59±0.87 23.12±2.70ab 49.89±5.39 cde 25.48±1.21 abc T7 
618.92±148.75ab 12.61±0.39 33.06±9.93a 54.41±9.75 bcde 25.32±0.41 abc T8 
697.54±50.18a 12.31±0.16 26.16±3.46ab 79.89±14.70 a 24.47±0.87 bc T9 
556.74±45.37ab 12.32±0.65 22.60±3.64ab 60.89±1.96 bcd 24.95±0.96 abc T10 
571.40±31.78ab 11.48±0.98 20.88±3.29ab 66.37±0.13 abc 24.97±1.07 abc T11 
588.62±6.04ab 10.61±0.61 24.09±1.32ab 64.05±3.29 abc 25.98±1.00 abc T12 
600.14±14.56ab 11.95±1.73 20.52±2.30b 72.06±6.43 ab 23.99±1.24 c T13 

Mean in the same column having different letters are significantly different at (p≤005). 
T1:control , (T2,T3,T4:Astaxanthin 20-40-60 mg / kg) , (T5,T6,T7: Dunaliella salina  200-400-600 mg /kg)(T8,T9,T10 Crayfish cherax 
quadricarinatus 10-20-30g / kg) (T11,T12,T13 squilla sp 10-20-30g / kg). 

 
In terms of crude protein supplementing carotenoids from crayfish meal and Squilla meal have positive 

effect on crude protein level in carcass composition.It was clear that using crayfish meal and Squilla meal has 
poor protein efficiency ratio compared to astaxanthin and Dunaliella salina while as carotenoids from crayfish 
meal and Squilla meal has high PPV% compared to astaxanthin and Dunaliella salina. These results were in 
accordance to Cremades et al., (2003).Who found that production of carotenoproteins from crayfish, 
(Carotenoprotein-2 is a proteinaceous) of red brown colour has a lower amino acid profile quality than 
carotenoprotein-1. It was found that carotenoprotein-1 has high contents of glycine and proline (14.9 and 
11.1%, respectively), it can be considered a mainly collagen-like product, probably derived from the digestion 
of cuticle proteins and the membranous layer that covers the inside of the crayfish exoskeleton, with a protein 
content (Jaswal, 1990 and Meyer and Benjamin, 1987) and human food (Alvarez-Ossorio et al., 2002). This 
may explain high significant content of crude protein in carcass composition of fish that fed on 20-30g crayfish 
/ kg diet. Chitin was isolated from various species (crab, squilla, and shrimp).In animals chitin is associated 
with proteins (Prabu and Natarajan, 2012). This may explain high content of crude protein in carcass 
composition of animal that fed squilla meal (10, 20 and 30g / kg diet) especially that fed on30g / kg diet squilla 
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meal.Meanwhile, there were no significant differences (P> 0.05) in carcass crude protein among fish that fed on 
astaxanthin and D. salina supplemented diets. There were significant differences (P< 0.05) in dry matter content 
among fish fed diets was high doses of astaxanthin 40and 60mg/kg (27.76±0.11, 27.87±0.78 respectively).High 
significant differences have been found in ether extract with using10g carotenoids from crayfish meal compared 
to all other supplemented diets. These results were in accordance to Fox and Vevers, (1960) carotenoids are fat-
soluble pigments thus their absorption and metabolism may be also lipid-related. This may explain high 
significant content of ether extract and crude protein in carcass composition of animal that fed crayfish 10-20g 
/kg diet Table (4) it was observed that biosynthesis or deposition of carotenoids may be adversely affected by 
poor lipid nutrition (Meyers and Latscha, 1997).Carcass ash content has no significant differences for fish that 
fed on all tested supplemented diets. After 13 weeks of feeding with tested diets it was easy by naked eye to 
distinguish among treatments using body colour and size. 

 
Low dissolved oxygen stress test: 

During 18days of stress period survival of control group were very poor to low oxygen stress condition 
compared with all diets containing β-carotene supplemented diets, as show in Figure(1). Astaxanthin 
supplemented diet 20, 40 and 60 mg / kg diet has high survival rate (100%) as compared to all tested diets. 

The result is in according with the result obtained by Torrissen, (1984) .Christiansen and Torrissen, 
(1996) found that in Atlantic salmon fry and juveniles the inclusion of synthetic astaxanthin and canthaxanthin 
not only enhanced growth but also survival. Corresponding results are found for the red tilapia (Oreochromis 
niloticus) (Boonyaratpalin and Unprasert ,1989) and kuruma shrimp (Penaeus japonicus) (Chien and Jeng 
1992). 

Adding Dunaliella salina as a source of β-carotene has improved the survival rate as compared to 
supplemented diets with crayfish meal and squilla meal. Supplementation of β-carotene and canthaxanthin to 
the diets of major Indian carps resulted in a better survival and growth compared to conventional diets used 
without carotenoids (Goswami ,1993 and Negre-Sandargues et .al, 1993).Also this finding agree with 
supamattaya et al, (2005)  result ,200-300 mg /kg of β-carotene from Dunaliella salina  (Algro Natural®) 
showed  its high efficiency for survival and pigmentation in black tiger shrimp. Results showed that various 
sources of dietary carotenoids have positive effect on growth and survival of fish. Further, there are also reports 
(Torrissen 1984; Christiansen, Lie and Torrissen (1995) that link carotenoids to growth enhancement in Atlantic 
salmon fry (Salmo salar), or to improvement of survival rate in kuruma prawn (P. japonicus) (Chien and Jeng 
,1992). 

 

 
 
T1:control , (T2,T3,T4:Astaxanthin 20-40-60 mg / kg) , (T5,T6,T7: Dunaliella salina  200-400-600 mg / 
kg)(T8,T9,T10 Crayfish cherax quadricarinatus 10-20-30g / kg) (T11,T12,T13 squilla sp 10-20-30g / kg). 
 
High performance liquid chromatography: 

The Oreochromis spp flesh extracts were analyzed quantitatively by HPLC.At the end of the feeding 
experiment the concentration of the carotenoid pigments in Oreochromis sp flesh was enhanced by the addition 
of β-carotene from (synthetic astaxanthin, crayfish (cherax quadricarinatus), squilla sp and Dunaliella salina 
extract. 

The major pigments found in red tilapia are generally β-carotene, the present results are near to that 
obtained by Boonyaratpalin, (2001),feeding β-carotene, at 125 or 175 ppm resulted in substantially greater 
carotenoid contents in the shrimps than did feeding astaxanthin at 50 ppm. The desired colour was achieved by 
feeding astaxanthin (50 ppm) for 7±8 weeks before harvest. 
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It can be seen in Table (5) that  the highest values observed is in, (Oreochromis sp) fed with 600 mg 
Dunaliella salina extract followed by  Dunaliella salina extract(400mg /kg) diet then fish fed on 200 mg 
Dunaliella salina extract as a feed additive. Feeding β-carotene from Dunaliella salina extract at different 
concentrations enhanced the deposition of β-carotene in the fish flesh as compared to control. Result of 
Dunaliella salina obtained in the present study agrees with Ben-Amotz et al., (1982) who reported that the 
biflagellate algae, Dunaliella salina is a source of β-carotene and used as natural food coloring agent in 
aquaculture feed industry. Under appropriate culture conditions, some strains of Dunaliella salina were reported 
to accumulate up to 10% carotenoids consisting mostly of β-carotene (Ben-Amotz et al., 1982; Ben- Amotz and 
Avron,1983;Borowitzka and Borowitzka,1988 and Boonyaratplain et al., 2001), reported that 125-175 mg /kg 
of synthetic β-carotene extracted from Dunaliella salina demonstrated at black tiger shrimp showed metabolic 
ability to convert β-carotene into astaxanthin.The group fed crayfish (cherax quadricarinatus) at (10,20and 30 
g/kg diet),showed that the highest values were at concentrations 30 g/kg crayfish , 20 g/kg crayfish and fish fed 
on 10 g/kg crayfish, respectively Table. (5).Result also demonstrated that high carotenoids deposition in 
treatments fed on crayfish, also agree with Wilkie et al., (1972). Who Found that Crustacean processing 
discards (shrimp, krill and crabs) are also potential carotenoid sources. Crustacean's discards constitute an 
attractive ingredient for industrialization, since around 70% of the raw weights of the catch are processing 
discards (Wilkie, 1972; Simpson and Haard, 1985 and Chew et al., 1999), found that crayfish because of its 
content of the ketocarotenoid astaxanthin (3,30-dihydroxy-ββ-carotene-4-40-dione), is considered one of the 
most potent natural antioxidants. Johnson et al., (1980)showed that the content of crayfish from protein is 
(39.8%), free amino acids+short peptides is (7.6%), and carotene (97.9 mg/g), thus it can be used as a good 
protein source for animal nutrition where coloration improvement is required, such as for poultry or salmonids 
fish.Guillou el al., (1995)reported that Crayfish (Procambarus clarkii) is a rich source of many valuable 
products, such as protein, chitin, and pigments (e.g. astaxanthin). 

On the other hand, the astaxanthin and squilla sp fed groups showed rather similar carotenoids 
deposition in their flesh.Where the highest carotenoids deposition for astaxanthin group; were fed with 20 and 
60mg/kg synthetic astaxanthin. While the lowest carotenoids content was found in (40 mg/kg synthetic 
astaxanthin), Table (5).In rainbow trout it is stated that astaxanthin is a better pigment source than 
canthaxanthin also, it has been found to be better absorbed through the digestive tract and a preferred deposition 
of astaxanthin in the flesh (Torrissen, 1989). These results were in agreement to those obtained in the present 
study. 

As a matter of fact, the extracts of squilla sp exhibited the lowest carotenoids deposition as compared to 
other treatments, the supreme deposits of this group were at(30 g/kg squilla sp) meal , followed by treatments 
feed on (10 g/kg squilla sp meal and 20 g/kg squilla sp meal) Table (5).Chavarríaet al., (2013)found that, the 
commercial natural astaxanthin production utilizes by products of crustacean such as the Atlantic krill, crayfish 
meal, crab meal, etc., and some microorganisms. These are rich sources of carotenoid astaxanthin and are used 
in aquaculture feed formulation as additive. Scare references have dealt with feeding with squilla sp meal. 

From the result obtained it's clear that the addition Dunaliella salina algae led to depositing significant 
amounts of β-carotene. Also feeding Crayfish meal and synthetic astaxanthin gave promising results in the 
deposition of carotenoids. The control diets exhibited blank carotenoids deposition as shown in Table (5).In 
terms of total carotenoids deposition, only β-carotene remarkably increased the total carotenoids content of red 
tilapia (Oreochromis sp). 
 
Table 5. Total carotenoids deposition (ng/g) in Oreochromis spp flesh fed on different carotenoid sources  for 14 weeks. 

Treats Total carotenoids ng/g 
T1 0.00 
T2 11.14 
T3 2.46 
T4 8.45 
T5 43.85 
T6 19.37 
T7 49.65 
T8 11.07 
T9 12.48 

T10 14.14 
T11 4.11 
T12 3.72 
T13 8.67 

T1:Control , (T2,T3,T4:Astaxanthin 20-40-60 mg / kg) , (T5,T6,T7: Dunaliella salina  200-400-600 mg / kg)(T8,T9,T10 Crayfish cherax 
quadricarinatus 10-20-30g / kg) (T11,T12,T13 squilla sp 10-20-30g / kg). 

 
Lipid oxidation: 

TBARs is an index of lipid peroxidation and oxidative stress. The TBARs value, expressed as 
malondialdehyde (MDA), is a good index reflecting the degree of oxidation (Lohakare et al., 2004). It is 
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considered that the higher the TBARs value, the more oxidation of lipids has taken place.Tables (6, 7, 8 and 9) 
show the effect of different carotenoid deposition after feeding experiment in the flesh of Oreochromis spp on 
TBARs as affected by frozen storage for 4 months.Generally speaking, it is observes that all carotenoid 
deposited in the flesh of Oreochromis spp due to feeding had a significant effect (P< 0.05) on the decrease the 
TBARs as compared to the control as the time of storage elapsed.As a matter of fact, it can be seen clearly that 
Dunaliella salina, Crayfish and squilla sp carotenoid sources exhibited an enhanced effect on inhibiting the 
onset of lipid oxidation starting from the first month of storage and kept stable till the end of the storage period 
as compared to astaxanthin and control. Thus emphasizing the role of natural carotenoid sources in inhibiting 
the onset of lipid oxidation. These results were in according to Canavatea et al., (2007).Who found that 
significant contribution of carotene rich D. salina cells in reducing lipid peroxidation associated to increased 
lipid metabolism during metamorphosis in (S. senegalensis). 
 
Table 6. Effect of different astaxanthin concentrations on TBARs of Oreochromis spp flesh under frozen storage. 

Overall Time3 Time2 Time1 Time 0 Time 
     Treatment 

0.42a±0.03 0.53a±0.02 0.36abc±0.04 0.34abcd±0.04 ±0.06ab0.43 T1  
0.21b±0.08 0.20f±0.01 0.13cdef±0.04 0.36abc±0.31 0.33abcde±0.02 T2  
0.08c±0.02 0.01f±0.00 0.06ef±0.00 0.08def±0.00 0.16bcdef±0.02 T3  
0.11bc±0.04 0.01f±0.00 0.06ef±0.00 0.06ef±0.01 0.31abcde±0.03 T4  

  0.14b±0.09 0.15b±0.05 0.21ab±0.08 0.31a±0.04 Overall  

*a-f mean with the same superscript are not significantly different at (p≤005).  
*A-C mean with the same superscript are not significantly different at (p≤005).  

 
Table 7. Effect of different Dunaliella salina concentrations on TBARs of Oreochromis spp flesh under frozen storage. 

Overall Time3 Time2 Time1 Time 0 Time 
     Treatment 

0.42a±0.03 0.53a±0.02 0.35c±0.04 0.30c±0.04 0.43b±0.06 T1  
0.13b±0.05 0.23f±0.00 0.07f±0.00 0.07f±0.00 0.36bc±0.02 T5  
0.09bc±0.03 0.02f±0.00 0.06f±0.00 0.07f±0.00 0.23d±0.00 T6  
0.07c±0.02 0.04f±0.00 0.06f±0.01 0.06f±0.00 0.15e±0.03 T7  

  0.15b±0.08 0.14b±0.05 0.14b±0.04 0.29a±0.04 Overall  

*a-f mean with the same superscript are not significantly different at (p≤005).  
*A-C mean with the same superscript are not significantly different at (p≤005).  

 
Table 8. Effect of different crayfish concentrations on TBARs of Oreochromis spp flesh under frozen storage: 

Overall Time3 Time2 Time1 Time 0 Time 
     Treatment 

0.42a±0.03 0.53a±0.02 0.34cd±0.04 0.34d±0.04 0.43bc±0.06 T1  
0.07c±0.02 0.01f±0.00 0.06f±0.00 0.04f±0.00 0.16e±0.25 T8  
0.15b±0.06 0.02f±0.00 0.06f±0.00 0.07f±0.00 0.44b±0.01 T9  

0.011b±0.00f 0.01f±0.00 0.05f±0.00 0.05f±0.00 0.36cd±0.03 T10  
  0.14b±0.08 0.13b±0.05 0.13b±0.05 0.35a±0.04 Overall  

*a-f mean with the same superscript are not significantly different at (p≤005).  
*A-C mean with the same superscript are not significantly different at (p≤005).  

 
Table 9. Effect of different Squilla sp concentrations on TBARs of Oreochromis spp flesh under frozen storage: 

Overall Time3 Time2 Time1 Time 0 Time 
     Treatment 

0.42a±0.03 0.53a±0.02 0.34cd±0.04 0.34d±0.04 0.43bc±0.06 T1  
0.16b±0.08 0.01e±0.00 0.05e±0.00 0.04e±0.02 0.54a±0.02 T11  

0.11c±0.05 0.01f±0.00 0.05e±0.00 0.02e±0.00 0035cd±0.05 T12  

0.13cb±0.07 0.01f±0.00 0.04e±0.00 0.04e±0.00 0.46ab±0.00ab T13  
  0.13b±0.08 0.13b±0.05 0.11b±0.05 0.44a±0.03 Overall  

Mean with the same letter are not significantly different at (p≤005). 
T1:control , (T2,T3,T4:Astaxanthin 20-40-60 mg / kg) , (T5,T6,T7: Dunaliella salina  200-400-600 mg / kg)(T8,T9,T10 Crayfish cherax 
quadricarinatus 10-20-30g / kg) (T11,T12,T13 squilla sp 10-20-30g / kg). 
 

It was also reported by Hemre et al., (2004) and Undeland et al., (1999).That according to fillet shelf-life 
(lipid oxidation) results, the inclusion of crab meal(Crustaceans) in red porgy diets delayed the lipid oxidation 
in muscle stored at 4 °C with respect to fish fed on carotenoids diet. The rate of lipid oxidation in post mortem 
flesh has been proved to vary with factors such as multitype and level of pro- and antioxidants presented in a 
fillet. It was reported by Kobayashi, et al., (1997); Kurashige, et al., (1990) and Palozza and Krinsky, 
(1992).That astaxanthin addition in diets, astaxanthin might have improved the lipid stability through increasing 
superoxide dismutase, catalase and glutathione peroxidase enzyme activity thus, it could be stated that the 
supplementation of dietary astaxanthin has a beneficial role in fish storage by preventing it from getting 
deteriorated. The present findings were in accordance with that reported by Terao, (1989).where 
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supplementation of dietary astaxanthin produced higher levels of phosphatidylcholine astaxanthin improved the 
carcass traits and meat quality of (Oreochromis spp) meat in the present study. Also this finding agrees with 
Palozza and Krinsky, et al., (1992).They found that astaxanthin can also prevent the chain reaction production 
of free radicals initiated by the degradation of poly-unsaturated fatty acids, which can dramatically accelerate 
the degradation of lipid membranes. Astaxanthin is very good at protecting membranous phospholipids and 
other lipids against peroxidation. 
 

Colour parameters of Oreochromis spp fillets: 
It can be observed from Table (10) that the flesh redness (a*) increased with feeding all. The highest 

value was recorded on diet containing crayfish30g / kg (4.22). Whereas, the lowest flesh redness was (-0.70) 
observed in control fish which did not receive any carotenoid supplementation in the diet. Fish fed on squilla 
sp20g /kg diet exhibited lower redness as compared to the other treatment. This finding agrees with Guillou, 
(1995).Who found that Crayfish (Procambarus clarkii) is a rich source of many valuable products, such as 
protein, chitin, and pigments (e.g. astaxanthin).this may explain high flesh redness values on diet containing 
crayfish. 

Flesh yellowness (b*) was increased on diet containing astaxanthin 40mg /kg diet and (Dunaliella 
salina) 200mg /kg diet as followed with crayfish30g / kg diet and squilla sp20g /kg diet. The highest flesh 
yellowness was observed in diet containing astaxanthin 40mg /kg diet. The lowest flesh yellowness was 
observed in control fish. Flesh chroma presented a similar behavior as both (a* and b*) values. Results agrees 
with Miki et al., (1985) reported that although astaxanthin is the prevalent carotenoid in their natural diet. These 
observations suggest that astaxanthin must be reductively converted into tunaxanthin by the removal of the keto 
group at 4 and 4´ positions of the ionone ring, and the conversion of β-ring to ε-ring. Also this may explain high 
flesh yellowness values were observed in diet containing astaxanthin. These results were in accordance to Li et 
al., (2007). Who found that astaxanthin is considered as a red or pink pigment, which results in red or pink 
coloration. Meanwhile, lutein and zeaxanthin are considered as yellow pigments, which result in yellow 
coloration. Also this finding agrees with Tejera et al., (2007) who found that wild red porgy presents a red–pink 
skin colouration formed by a blend of red (astaxanthin) and yellow (tunaxanthin) pigments. Also this finding 
agrees with Lamers (2012).Who found that the microalga Dunaliella salina is one of the richest sources of 
natural β-carotene, which is a lipid-soluble orange pigment that is used as a colorant in food and feed. 

As a matter of fact the control exhibited the highest lightness (L* value) as compared to the other 
treatment. Results demonstrated that a high (a*,b*and chroma) values on diet containing Dunaliella salina as 
compared with control.  

Furthermore, increased visual color score as a result of increased flesh pigment concentration occurred 
due to increasing the dietary astaxanthin dose which is in agreement with Torrissen's findings in (1995).Also 
this finding agrees with Nakazoe, et al., (1984) reported that from the two carotenoid sources and dietary levels 
used in the present study, only 40 mg of astaxanthin from shrimp shell meal/kg diet, which is mainly in an 
esterified form, was able to give red porgy an overall reddish coloration, suggesting a better utilization of the 
esterified astaxanthin by this species. Astaxanthin esters were also more efficiently utilized for deposition and 
coloration of the skin than free astaxanthin in red sea bream (Ito, 1986 and Lorenz, 1998). In other species such 
as Australian snapper (Booth et al., 2004).This may explain a high flesh redness value was observed in diet 
containing 40 mg of astaxanthin. 

Several crustacean species are rich in astaxanthin carotenoid, which is often presented in esterified 
form (Coral-Hinostroza and Bjerkeng, 2002; Matsuno and Hirao, 1989).This may explain a high (a*,b*and 
chroma) values on diet containing squilla sp as compared with control. 
 
Table 10 Results of colour and L*, a* b* values of selected Oreochromis spp flesh fed different levels of carotenoids for 13 weeks. 

H C* L* b* a* ID 

95.41 7.45 49.45 7.41 -0.70 T1 
67.78 10.18 45.94 9.43 3.85 T3 
69.59 9.76 46.38 9.15 3.40 T6 
64.79 9.90 43.44 8.96 4.22 T10 

71.00 8.33 47.43 7.88 2.71 T12 
L: lightness      -b*: blue     + b*: yellow   - a*: green   + a*: red   H: hue   C: chroma 
T1: control, T3: Astaxanthin 40mg / kg, T6: Dunaliella salina 400mg / kg T10: Crayfish 30g / kg and T12: squilla sp 20g / kg. 
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