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Table 1 Composition and proximate analyses of the experimental diets
Inclusion ( g/kg)
Ingredients
Ctrl E-50 E-100 R-50 R-100

Fish meal 200 200 200 200 200
Corn germ meal 300 300 300 300 300
Soy bean meal 250 250 250 250 250
a - Starch 150 150 150 150 150
Fish oil 34 34 34 34 34
Vitamin mix.’ 10 10 10 10 10
Mineral mix.? 40 40 40 40 40
Choline chloride 5 5 5 5 5
Vitamin E (50%) 1 1 1 1 1
Pigment addition

Carotenoid-E. coli (g/kg) 15 30 0 0

Astaxanthin-Synthetic (g/kg) 0 0 0.65 1.3

Carotenoids content (mg/kg) 50 100 50 100
Proximate analysis (%)

Crude protein 29.2 28.6 28.8 29.1 28.6

Crude lipid 9.3 9.4 9.7 9.9 9.5

Ash 7.1 7.3 7.2 7.4 7.7

Moisture 7.7 7.8 7.9 8.1 7.9
Carotenoids content (mg/kg) 2.5 28.4 54.3 46.5 95.9

'Ogino et al. (1979)
?Ogino and Yang (1978)
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The measuring location of the red tilapia
1. head, 2. dorsal, 3. tail, and 4.

Fig. 1
(Oreochromis sp.).
ventral.
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Table 2 Growth performance of the red tilapia (Oreochromis sp.) fed with the experimental diets

Average body weight (g)

Growth rate (%)

Feed efficiency (%)

ot Initial* 5 weeks* 10 weeks* 5 weeks 10 weeks 5 weeks 10 weeks
Ctrl 2.60 +0.53¢ 3.96 +1.23° 4.75+1.53° 52 83 46 44
E-50 2.63 +0.60° 4.09 +0.91° 515+1.73° 56 96 45 41
E-100 2.64 +0.35° 411 +£1.28° 516 +£1.72° 56 96 47 40
R-50 2.67 £0.82° 3.87 +1.07° 4.86 +0.97° 45 82 46 41
R-100 2.67 £0.99° 3.79 +£1.37° 4.72 +0.41° 42 77 46 40

*Mean + SD (n=20)
Growth rate = (final weight—initial weight) / initial weight

Olnitial
W5 weeks
310 weeks

Control E-50

E-100 R-50

R-100

Fig. 2 The weights of the red tilapia (Oreochromis sp.) during the experimental period.
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Table 3 L, a, and b skin colour values of the red tilapia (Oreochromis sp.) fed with the experimental diets for 10

weeks
Skin colour o Diets
lue* Initial
value Ctrl E-50 E-100 R-50 R-100
L 49.88+4.0 6336+6.6° 65.31+9.7° 64.31+6.2° 66.36 + 6.2° 65.71 +3.2°
a -1.96 £1.8  -4.68+3.7° 2.64 +7.8° 2.85 +8.3° -0.2 +£5.0° 0.55 £ 9.5?
b 134340 11.78+5.7* 19.18+2.4> 20.71+£52® 17.09+3.8% 17.46 +3.5®
L: lightness. 0 black to 100 white.
a: (+) numbers show red color and (- ) numbers show green color.
b: (+) numbers show yellow color and (- ) numbers show blue color.

Table 4 Comparisons of the AE of the red tilapia (Oreochromis sp.) fed with carotenoid-containing diets and those
fed with the control diet

Position
Mean
1 2 3 4
AE,, 16.86 14.38 11.87 7.98 10.59
AE;, 16.95 12.03 15.29 3.97 11.72
AE,, 14.51 17.55 9.07 6.65 14.89
AEs, 9.72 11.89 14.89 4.35 8.06
AE,;: the color difference between group E-50 and the control group
AE;;: the color difference between group E-100 and the control group

AE4:
AEs;:

Feed efficiency (%)

the color difference between group R-50 and the control group

the color difference between group R-100 and the control group

54 05 weeks @10 weeks
48
42
36
30
24
18

12

Control E-50 E-100 R-50 R-100

Fig. 3 Feed efficiency of the red tilapia (Oreochromis
sp.) during the experimental period.
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Table 5 Integumentary carotenoid contents of the red tilapia (Oreochromis sp.) fed with experimental diets for 10
weeks
Skin carotenoid contents (mg/100g)
Initial Control E-50 E-100 R-50 R-100
0.23 0.25 0.48 0.84 0.36 0.56
80 r
L
70 F|O a _L
b —
60
50 F
S 40 }
T
>
30 F
20 F
10 f
O 1 L L 1
10 L

Initial Control E-50

E-100 R-50 R-100

Fig. 4 The average L, a, and b skin color values of the red tilapia (Oreochromis sp.) fed with experimental diets for

10 weeks. Values are mean (n = 5).
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Fig. 5 Comparisons of the body coloration of the red
tilapia (Oreochromis sp.) fed with carotenoid-containing
diets and those fed with the control diet.
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Content (mg/100g skin)

0.2

Initial Control E-50

E-100 R-50 R-100

Fig. 6 The integumentary carotenoid content of the red tilapia (Oreochromis sp.) fed with carotenoid-containing

diets for 10 weeks.
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ABSTRACT

Tilapia is now the primary product of the aquaculture industry in Taiwan. Red tilapia (Oreochromis sp.)
was mutated from the Mozambique tilapia species. The purpose of this study was to explore the effects of dietary
carotenoid supplements on the integument pigmentation of red tilapia (Oreochromis sp.).

Experiments were conducted to provide two different sources of carotenoids: gene transferred Escherichia
coli powder and synthetic astaxanthin. The mean weight of the red tilapia tested was about 2.6 g. Fish were
divided into five groups with differing experimental diets: a control group (Ctrl), an E-50 group, an E-100 group,
an R-50 group, and an R-100 group. The diets of the fish in the E-50 group and the E-100 group were
supplemented with gene transferred Escherichia coli powder with two different carotenoid contents, 50 and 100
mg/kg, respectively. The diets of the fish in the R-50 group and the R-100 group were supplemented with
synthetic astaxanthin at 50 and 100 mg/kg, respectively. The duration of the experiment was 10 weeks. Fish
integument was measured with a tristimulus colorimeter, and further quantified for skin pigment.

The results suggested that carotenoid supplements did not have obvious effects on the growth performance
and feed efficiency, but did improve pigmentation by enhancing a and b values in the red tilapia. In this trial, the
AE varied from 8.06 to 14.89, while the content of carotenoids in the red tilapia tested varied from 0.25 to 0.84
mg/100 g.
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