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Abstract
Supamattaya, K., Kiriratnikom, S.?, Rungsombat, P.!, Boonyaratpalin, M.* and Kliangpradit, A.*
Effects of carotenoid sources on growth performance, blood parameters,
disease resistance and stress tolerance in black tiger shrimp
(Penaeus monodon Fabricius)
Songklanakarin J. Sci. Technol., 2005, 27(Suppl. 1) : 71-82

Two feeding trial were conducted to determine the effects of various sources of carotenoid on growth
performance, disease resistance, blood parameters, stress tolerance and pigmentation in juvenile black tiger
shrimp (Penaeus monodon). Trial I was performed in small shrimp (1 g average body weight). The shrimp
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were fed with control diet without carotenoid (diet 1) while diets 2 to 6 contained 50 mg/kg astaxanthin
(Lucanthin Pink®), 125 mg/kg B-carotene (Lucarotin®), 200 mg/kg P-carotene (Lucarotin®), 125 mg/kg
Betatene® extracted from Dunaliella and 3% dried Spirulina respectively. There was an improvement in
color in all groups of shrimp fed caroteniod supplemented diets, but no significant differences in weight gain
or survival among the shrimps fed each test diet (p>0.05). Resistance to white spot syndrome virus (WSSV)
infection and stress tolerance (salinity stress), were not significantly different among treatments.

Trial II was performed in juvenile shrimp (10 g average body weight) fed test diets containing 100
ppm astaxanthin (Lucanthin pink®), 125 mg/kg B-carotene (Lucarotin®), 250 mg/kg B-carotene (Lucarotin®),
250 mg/kg Betatene® and 3% dried Spirulina compared with those fed control diet without carotenoid. At the
end of 6 weeks feeding period, shrimp fed control diet as well as astaxanthin and dried Spirulina supple-
mented diets had higher levels of total hemocyte counts than those of all B-carotene supplemented diets
feeding group. However, phenoloxidase activity and clearance of pathogenic vibrio from the hemolymph
were not significantly different among the treatments (p>0.05). Astaxanthin levels were highest in the shrimp
fed all carotenoid-supplemented diets. In conclusion, a natural carotenoid i.e. dried Spirulina and carotenoid
extracted from Dunaliella which have a lower production cost than analytical carotenoid showed beneficial
effects on shrimp feed supplement.

Key words : carotenoid, stress tolerance, disease resistance, Penaeus monodon
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Table 1. Composition of the test diet for small shrimp (1 g avg. body weight)

in trial 1.
Diet no.

Ingredients (g/100 g)

T1 T2 T3 T4 T5 T6
Fish meal 28 28 28 28 27.8 25
Shrimp head meal 10 10 10 10 10 10
Squid meal 5 5 5 5 5 5
Wheat gluten 6 6 6 6 6 6
Soybean meal 10 10 10 10 10 10
Wheat flour 20 20 20 20 20 20
Rice flour 10.1 10.05 9.975 9.9 9.675 10.1
Fish oil 2 2 2 2 2 2
Lecithin 2 2 2 2 2 2
Cholesterol 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin-mix' 0.33 0.33 0.33 0.33 0.33 0.33
Choline 0.3 0.3 0.3 0.3 0.3 0.3
Vitamin E 0.15 0.15 0.15 0.15 0.15 0.15
Vitamin C 0.1 0.1 0.1 0.1 0.1 0.1
Mineral-mix> 4 4 4 4 4 4
BHT 0.02 0.02 0.02 0.02 0.02 0.02
Zeolite 1.5 1.5 1.5 1.5 1.5 1.5
Lucantin Pink (10%) 0 0.05 - - - -
Lucarotene (10%) 0 0 0.125 0.20 - -
Betatene (2%) 0 0 0 0 0.625 -
Spirulina (%) 0 0 0 0 0 3
Total 100 100 100 100 100 100

! Vitamin-mix (mg/100 g feed) : Retinal (A) 0.12 mg (4,000 IU); Cholecalciferol (D3) 0.051
mg (2,000 IU); Tocopherol (E) § mg; Menadione sodium bisulfate 1 mg; Thiamine (B,)
1 mg; Riboflavin (B,) 2 mg; Pyridoxine (B,) 2 mg; Cyanocobalamin 0.02 mg; Calcium
pantothenate 20 mg; Niacin 15 mg; Folic acid 0.5 mg; Biotin 0.2 mg and Inositol 40 mg

? Mineral-mix (mg/ 100 g feed): MnSO_H,0 2.5 mg ; ZnSO,.7H,0 2 mg; FeSO,.7H,0
3 mg; KIO, 0.5 mg; CuSO,.5H,0 0.5 mg; CoCL.6H,0 0.005 mg and Na,SeO, 0.03 mg
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Table 2. Composition of the test diet for juvenile shrimp (10 g avg. body

weight) in trial 2.

Diet no.

Ingredients (g/100 g)

T2 T3 T4 T5 T6
Fish meal 25 25 25 25 24.6 22
Shrimp head meal 10 10 10 10 10 10
Squid meal 5 5 5 5 5 5
Wheat gluten 6 6 6 6 6 6
Soybean meal 10 10 10 10 10 10
Wheat flour 20 20 20 20 20 20
Rice flour 13.1 13 12.975 12.85 12.25 13.1
Fish oil 2 2 2 2 2 2
Lecithin 2 2 2 2 2 2
Cholesterol 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin-mix 0.33 0.33 0.33 0.33 0.33 0.33
Choline 0.3 0.3 0.3 0.3 0.3 0.3
Vitamin E 0.15 0.15 0.15 0.15 0.15 0.15
Vitamin C 0.1 0.1 0.1 0.1 0.1 0.1
Mineral-mix 4 4 4 4 4 4
BHT 0.02 0.02 0.02 0.02 0.02 0.02
Zeolite 1.5 1.5 1.5 1.5 1.5 1.5
Lucantin Pink (10%) 0 0.1 0 0 0 0
Lucarotene (10%) 0 0 0.125 0.25 0 0
Betatene (2%) 0 0 0 0 1.25 0
Spirulina (%) 0 0 0 0 0 3
Total 100 100 100 100 100 100

! Vitamin-mix (mg/100 g feed): Retinal (A) 0.12 mg (4,000 IU); Cholecalciferol (D3) 0.051
mg (2,000 IU); Tocopherol (E) S mg; Menadione sodium bisulfate 1 mg; Thiamine (B )
1 mg; Riboflavin (B,) 2 mg; Pyridoxine (B,) 2 mg; Cyanocobalamin 0.02 mg; Calcium
pantothenate 20 mg; Niacin 15 mg; Folic acid 0.5 mg; Biotin 0.2 mg and Inositol 40 mg

?Mineral-mix (mg/ 100 g feed): MnSO_H,0 2.5 mg ; ZnSO,.7H,0 2 mg; FeSO,.7H,0
3 mg; KIO, 0.5 mg; CuSO,.5H,0 0.5 mg; CoCl,.6H,0 0.005 mg and Na,SeO, 0.03 mg
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Table 3. Growth performance of small shrimp with 1 g average initial body weight being fed
diets supplemented different carotenoid pigments for an 8-week period (trial 1).

Growth performance after a 8 week feeding period

Treatments
Avg. weight (g) Weight gain (%) Survival rate (%) FCR
T1 control 4.53+0.82" 455.76+62.29™ 64.00+15.17™ 1.42+0.20™
T2 astaxanthin 50 mg/kg 4.53+0.63™ 485.08+77.71™ 83.00+9.75" 1.47+0.21™
T3 B-carotene 125 mg/kg ~ 4.69+0.81™ 468.27+59.59™ 70.00+11.73™ 1.40+0.18™
T4 B-carotene 250 mg/kg ~ 4.21+0.63™ 446.53+66.63™ 68.00+16.81™ 1.38+0.22™
T5 Betatene 125 mg/kg 4.62+0.42" 478.51+23.16™ 73.00+13.04™ 1.28+0.08™
T6 Spirulina 3% 4.63+0.46™ 479.17+47.54™ 73.00+6.71m 1.37+0.09™

ns = non significant
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Figure 1. Survival of small shrimp with 1 g
average initial body weight after feed-
ing with each carotenoid pigment
supplemented diets for an 8-week
period (trial 1) and challenged with
white spot syndrome virus (WSSV) at
a concentration of 1:107 for 13 days.
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Figure 2. Survival rates of small shrimp with 1 g
average initial body weight after being
fed diets supplemented with different
carotenoid pigments for an 8-week
period (trial 1) and being to salinity
stress test for 13 days.
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Figure 3. Survival rates of juvenile shrimp with 10 g average initial body weight after being
fed diet containing different carotenoid pigments for a 6-week period (trial 2)
and challenged with white spot syndrome virus (WSSV) at a concentration of

1:107 for 10 days.
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Table 4. Blood parameters and immune response of juvenile shrimp with 10 g average
initial body weight after being fed diet containing different carotenoid pigments

for 6-week period (trial 2).

Blood and immune parameter

Treatments
Total hemocytes count  Clearance ability PO activity
(x10* cell/ml) (CFU/ml) (unit/min/mg protein)
T1 control 5.91+2.52¢ 2083.33+1599.30™ 382.57+226.37™
T2 astaxanthin 100 mg/kg 5.32+2.03¢ 1361.54+1296.86™ 329.05+186.49™
T3 B-carotene 125 mg/kg 4.52+1.34%® 638.33+842.87™ 435.11+177.23
T4 B-carotene 250 mg/kg 3.26+1.54° 1191.67+1552.72" 471.58+153.27m
T5 Betatene 250 mg/kg 3.32+2.82° 1057.14£1691.11" 407.63+£207.03"
T6 Spirulina 3% 4.77+2.04® 846.67+1820.61™ 528.44+218.11™

ns = non significant

Means not sharing a common superscript are significantly different (P<0.05).
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Table 5. Astaxanthin and total carotenoid of juvenile shrimp after fed each experimental

diet for 6 weeks (trial 2).

Treatments Astaxanthin (mg/kg) Canthaxanthin (mg/kg) B-carotene (mg/kg)
T1 control 21.7 1.8 -
T2 astaxanthin 100 mg/kg 30.4 2.5 -
T3 B-carotene 125 mg/kg 31.8 3.6 -
T4 B-carotene 250 mg/kg 32.0 4.2 -
TS Betatene 250 mg/kg 31.7 34 -
T6 Spirulina 3% 30.1 32 -
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