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The effects of dietary supplementation of alga Haematococcus pluvialis, synthetic astaxanthin and beta-
carotene on survival, growth, and pigment distribution of red devil, Cichlasoma citrinellum  

Chih-Hung Pan and Yew-Hu Chien 

abstract 
Natural carotenoids (CD) from astaxanthin (AX) containing alga Haematococcus pluvialis (H) and a synthetic AX 
CAROPHYLL® Pink (A), and a synthetic beta-carotene (BC) CAROPHYLL® Yellow (B) were supplemented in formulated 
diets at two concentrations, 80 (I) and 160 (II) mg/kg, resulting in six pigmented diets HI, AI, BI, HII, AII, and BII. 
Formulated diet without CD supplementation served as a control (C). These diets were fed to an ornamental fish red devil, 
Cichlasoma citrinellum, for 8 weeks. Systematic comparisons were made on various pigment sources: AX versus BC; natural 
AX versus synthetic AX; and levels in diets, for their effects on survival, growth, and body AX and BC distribution of the fish. 
No difference in survival rate and weight gain was found among all fish. The deposition of BC was much poorer than AX so 
that the dominant CD presented was AX. Average AX/BC ranged from 1 to 100 in all tissue investigated. Dietary BC hardly 
had contribution to body BC and AX content. Esterified AX and free AX were deposited with equal efficiency in all tissues 
except in gonad. A-fish had higher AX content in gonad than H-fish. The efficiency of AX deposition in skin was (AII=HII) > 
(AI=HI) > (BII=BI=C). Disregarding the treatment effects, the overall average AX content in tissue in descending order was 
gonad > fin � (intestine = skin) > liver > muscle��

The effect of dietary protein levels on growth, survival and feed efficiency of the turtle, Ocadid sinesis. 

Chih-Hung Pan and Yew-Hu Chien 

abstract 
Growth performance of turtle was significantly affected by dietary protein. The WG of turtle fed diet containing 15% 
protein was the lowest among all dietary groups. It was significantly less(p<0.05) than those from turtle fed diets containing 
more than 21% protein. FER and PER showed similar trends as WG.. Increasing of protein retention with increasing dietary 
protein was observed. At dietary protein supplement level of 33% had highest FER. The FER of turtle fed with 15% protein 
were lowest than those of the turtle fed with 21, 27, 33, 39, and 45%, respectively. PER at dietary protein supplement level 
of 33, 39, and 45% were significantly higher than those that at dietary protein supplement levels of 15, 21, and 27%. PPV at 
dietary protein levels were not significant between groups. At dietary protein supplement level of 21, 27,and 33%, protein 
retention increased significantly (p<0.05). Crude protein content of whole body also increased linearly when dietary 
protein supplementation from 15% up to 33%. WG exhibited an increasing phase until the dietary protein supplementation 
level reached a plateau phase between 39% and 45 %. When analyzed by broken-line regression, the break-points based on 
WG was 38.1%. Survival was significantly affected by dietary protein. The survival of turtle fed diet containing 45% 
protein was the lowest among all dietary groups and was significantly less(p<0.05) than those from turtle fed diets 
containing less than 39% protein. Proximate composition of turtle body was 60.0-62.7% moisture, 20.5-23.5% crude 
protein, 10.3-10.8 % crude lipid, and 8.2-8.9 % ash . 

Effects of Dietary Supplementation of Carotenoids on Survival, Growth, Pigmentation, and Physico-
Chemical Stress Resistance of Characins Hyphessobrycon callistus 

Chih-Hung Pan and Yew-Hu Chien 

Abstract 
This study was aimed at determining if the increase of body astaxanthin and b-carotene content through dietary carotenoid 
supplementation in Characins Hyphessobrycon callistus could enhance its antioxidant defense capability and resistance to 
various stresses. Dietary carotenoid supplement was composed of the combinations of 3 sources of carotenoid: astaxanthin 
(A), b-carotene (B), and mix of the two (M), and 3 concentrations for each source: 10, 20, and 40 mg kg-1. No differences in 
growth and survival of the fish among treatments were found after 8 weeks’ rearing. Disregarding the source of dietary 
carotenoid, astaxanthin dominated highly (>98%) the body carotenoid indicating that this fish converted most dietary β-
carotene into body astaxanthin for storage. Astaxanthin in B-fed fish was lower than that in A-fed fish and M-fed fish, 
between which were of no difference. A-fed fish, B-fed fish, and M-fed fish had no differences in body b-carotene. Body 
astaxanthin and β-carotene content increased with increasing dietary carotenoid concentration. The resulting fish were then 
exposed to hypothermal stress (28 °C to 15 °C for 3 h), hyperthermal stress (28 °C to 33 °C for 3 h), hypoxia stress (6.5 mg 
O2 l-1 to 1.0 mg O2 l-1 for 2.5 h), ammonia stress (total ammonia-N 15 mg l-1 for 72 h), and low pH stress (pH 8.0 to pH5.6 
for 72 h). 
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