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enhance its antioxidant defense capability and resistance 
to Ultraviolet stress.   Astaxanthin dominated highly the 
body carotenoid indicating that this fish directly deposited 
most dietary astaxanthin in integument.  The resulting fish 
were then exposed to UV-A and UVB stress for 24 h. 
Serum total antioxidant status [TAS], serum antioxidant 
enzymes  (superoxide  dismutase  [SOD],  glutathione 
peroxidases  [GPX] and serum transaminases  (alanine 
aminotransferase  [ALT],  astpartate  aminotransferase 
[AST]) were chosen as indices of fish antioxidant and 
stress resistant capacity. When control fish and treatment 
fish were examined together, UV-A stress did not affect 
TAS and SOD, raised AST and ALT, reduced GPX. UV-B 
stress did not affect TAS, but raised SOD, AST, and ALT, 
reduced GPX. There were significant differences between 

UV-B stress and normal condition. UV stresses reduced 
GPX in all fish fed pigmented diets.  
 

The effect of pigmentation and reproduction of cherry 
shrimp, Neocaridina denticulate fed brine shrimp, 

mauxia shrimp and red worm��

Sung-Po Wang1, Pai-Wen Lin1, Chih-Hung Pan1  

1 Department of aquaculture, National Kaohsiung Marine University 

A trial was undertaken to investigate pigmentation and 
reproduction in ornamental shrimp by feeding brine shrimp 
nauplii(diet-B), minced Taiwan mauxia shrimp (diet- M) 
and red worm, Tubifex hataai(diet-W) and a control diet 
with  no  pigment  added(diet-C)  for  comparison.  The 
concentration of astaxanthin in B-shrimp were 390±50 mg/
g . There were significantly higher in astaxanthin content of 
B-shrimp than those of M- , W- and C-shrimp .Except B-
shrimp, no significant differences in pigmentation were 
found among treatment groups. Ornamental shrimps fed 
pigmented diets had 57-70% survival rate. Survival rate of 
C-fed shrimp was significantly lower than that of the 
shrimp fed  with  pigmented  diets.  The spawning  and 
hatching rate of B-shrimp were significantly higher than 

those of W- , M-, and C-shrimp. There were significantly 
higher in egg quantity of diet-C than those of B-, M-, and W
-shrimp.��

The effect of dietary supplementation of 
Haematococcus pluvialis, spirulina sp. and Isochrysis 
galbana on growth , survival, and pigmentation of 

cherry shrimp, Neocaridina denticulate��

�Hsu-Che Liang1, Hung- Pin Chan1, Chih-Hung Pan1  
1 Department of aquaculture, National Kaohsiung Marine University 

Natural  carotenoids  from  astaxanthin  containing  alga 
Haematococcus pluvialis(H) and b-carotene containing 
alga  Spirulina  sp.(S)  and  b-carotene containing  alga 
Isochrysis galbana (I) were supplemented in formulated 
diets at two concentrations, 80(1) and 160(2)mg kg-1, 
resulting in six pigmented diets H1, S1, I1, H2, S2, and I2. 
Formulated  diet  without  carotenoid  supplementation 
served as a control( C ). The different diets were fed to 
cherry shrimp,  Neocaridina denticulate  For  9 weeks. 
Dietary  carotenoid  effects  on  growth,  survival,  and 
pigmentation were compared by the treatment individually 
or collectively. After 9 weeks rearing, C-fed shrimp had 
significantly lower survival rate than the pigmented diets-
fed shrimp. No difference in weight gain was found among 
all shrimps. The pigmentation of body of C-shrimp was 
significantly lower than that shrimp fed with pigmented 
diets. The pigmentation of body astaxanthin in I-diets 

were significantly higher than 
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Effects of dietary vitamin A or b-carotene        
concentration on growth of juvenile hybrid tilapia, 

Oreochromis niloticus × O. aureus��������
Chih-Hung Pan 

A series of two 10-week feeding trials was conducted to 
evaluate the effects of dietary vitamin A or b-carotene  
supplementation on the growth of hybrid tilapia. In trial I, 
tilapia of 1.6 g body weight were fed diets supplemented 
with 0 to 50,000 IU vitamin A(as retinyl acetate) kg-1. In trial 
II,  basal diets without vitamin A supplementation were 
supplemented with 0 to 200mg b-carotene /kg and fed to 
tilapia of 0.48 g initial weight. Growth performance of fish 
fed diets without vitamin A or b-carotene supplementation 
was significantly (p<0.05) lower than other groups within 
the trial. Analyzed by the broken-line regression model, 
dietary vitamin A required for optimal growth of juvenile 
tilapia was 5850 to 6970 IU kg-1 based on the weight gain 
and liver vitamin A retention. Further, dietary b-carotene for 
optimal growth of juvenile tilapia was 28.6 to 44.3 mg kg-1 
at a dietary vitamin A content of 84 IU kg-1. Tilapia is able to 

utilize  b-carotene  to  fulfill  the  dietary  vitamin  A 
requirements. The conversion ratio by weights of b-carotene 
to vitamin A was approximately 19:1.��
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Effects of dietary supplementation of carotenoids on 
survival, growth, pigmentation, and antioxidant 
capacity of characins, Hyphessobrycon callistus 

Yi-Juan Wang, Yew-Hu Chien and Chih-Hung Pan��������
This study aimed to find out if dietary carotenoid (CD)
supplement could make differences in survival,  growth, 
pigmentation,  and  antioxidant  capacity   of  characins 
hyphessobrycon callistus, an ornamental fish. Two types of 
CD and its combination(AX-astaxanthin, BC-b-carotene, 
MX-1:1  combination  of  AX  and  BC)  and  three 
concentrations(10, 20, 40 mg/kg) were used resulting in nine 
pigmented diets. A diet without CD supplement served as 
control. No differences in growth and survival of the fish 
among  treatments  were  found  after  8  weeks � rearing. 
Disregarding the types of dietary CD, AX dominated ( 98%) 
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Kaohsiung 811, Taiwan ROC 
b Department of Aquaculture, National Taiwan Ocean University, Keelung 
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Natural  carotenoids  from  astaxanthin  containing  alga 
Haematococcus pluvialis(H) and a synthetic astaxanthin 
carophyll pink(A), and a synthetic beta-carotene carophyll 
yellow(B) were supplemented in formulated diets at tow 
concentrations, 80(I)and 160(II)mg kg-1,  resulting in six 
pigmented diets HI, AI, BI, HII, AII, and BII. Formulated 
diet without carotenoid supplementation served as a control
(C). The different diets were fed to red devil, Cichlasoma 
citrinellum  for  8 weeks. Dietary carotenoid effects on 
survival, growth, and pigmentation were compared by the 
treatment individually or collectively. After 8 weeks rearing, 
C-fed fish had not significantly lower survival rate than the 
pigmented diets-fed fish. No difference in weight gain was 
found among all fish. The pigmentation of body astaxanthin 
in fin, skin, and muscle of C-fish was significantly lower 
than that fish fed with pigmented diets. The pigmentation of 
body astaxanthin in fin, skin and gonad in astaxanthin-fed 
were significantly higher than b-carotene-fed. The average 
skin astaxanthin of the fish fed 80 mg kg-1 dietary natural 
astaxanthin (HI) was 40.6% less than those fed 180 mg kg-1 
(HII). The pigmentation of b-carotene in the fin and skin of 
natural astaxanthin-fed fish was higher than those of fish fed 

the body CD, indicating that this fish converted most 
dietary BC into body AX for storage. Body AX and BC 
content  increased  with  increasing  dietary  CD 
concentration. Body AX in BC-fed fish was lower than 
that in both AX and MX-fed fish. No difference in body 
AX was found between AX- and MX-fed fihs, and in body 
BC in all pigmented fish. Serum total antioxidant status
[ TAS], serum antioxidant enzymes (superoxide dismutase  
[SOD],  glutathione  peroxidases[  GPx],  and  serum 
transaminases(alanine aminotransferase[ ALT], astpartate 
aminotransferase[ AST], were chosen as indices of fish 
antioxidant capacity. Antioxidant activities changed with 
dietary CD type and concentration. Pigmented fish had 
lower SOD, GPx and ALT than control fish; dietary CD 
types only affected SOD and ALT in fish. AX-fed fish had 
the lowest  SOD.  Dietary AX had more numbers of 
negative correlations with antioxidant parameters in fish 
than BC. 

 
The effects of dietary supplementation of alga 

Haematococcus pluvialis, synthetic astaxanthin and 
beta-carotene on survival, growth, and pigment 
distribution of red devil, Cichlasoma citrinellums��

Chih-Hung Pan a , Yew-Hu Chien b 

a Department of Aquaculture, National Kaohsiung Marine University, 

with synthetic astaxanthin. The average fin b-carotene 
content of the fish fed with 80 mg kg-1 dietary astaxanthin 
supplement (AI)  was 28.5% less than fish fed diets 
supplemented with 180 mg kg-1 ( AII). Pigmentation of b-
carotene in intestine of HII-fish was significantly higher 
than those of the HI-fish.��
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The effect of dietary supplementation astaxanthin on 
pigmentation of blood parrot, Cichlasoma var. in 
water hardness and resistance to anesthetic stress 

Kung- Chih Tseng ����1Chih-Hung Pan2 and Winton, 

Cheng1 
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and Technology 
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University 

This study was aimed at determining if the effect of dietary 
supplementation  astaxathin  on  growth,  survival,  and 
pigmentation  of blood parrot  in water  hardness .  To 
increase body astaxanthin content of fish enhance its 
antioxidant defense capability and resistance to anesthetic 
stress. No differences in growth and survival of the fish 

among treatments were found after 12 weeks rearing. The 
fish fed with astaxanthin, pigmentation were better in the 
hard water than those of group in the soft water. There were 
significantly different in pigmentation between pigmented 
group in hardwater and softwater. In hardwater, there were 
significant difference in TAS, AST and TBARS value under 
anesthetic stress. Astaxanthin supplement in diet at 160 and 
320ppm improved antioxidative ability of fish subjected 
anesthetic stress (2-Phenoxyethanol 200 ppm, 1 hr). When 
the fish under anesthetic stress, ALT and GSH-Px in the soft 

and 
hard water have significantly different.��
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Protection of dietary supplementation of astaxanthin on 
pigmentation and against Ultraviolet Illumination in 

Cichlid Cichlasoma citrinellum 
Gung-Jang Gau, Yu-Hung Ju, Min-Wei Hsiao and Chih-

Hung Pan 1����� 
1 Department of aquaculture, National Kaohsiung Marine University  

This study was aimed at determining if the increase of body 
astaxanthin  content  through  dietary  astaxanthin 
supplementation in Cichlid Cichlasoma citrinellum could 


