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SUMMERY 

A 
study was conducted to detennine the effects of commercially 

available Dunaliella salina extract (DSE) on growth, sunrival and stress 
resistance of fresh water prawn (Macrobrachium rosenberg;'). Thirty 

. postlanrae (PL28) with an average individual weight of 0.032:£ 0.002g 
were stocked in circular fiberglass tanks (each 1.5 m3 with capacity of 1000 I) for a 
period of 8 weeks. Five levels of DSE (200, 400, 600, 800 and 1000 mg DSE /kg) 
were tested. A low dissolved oxygen stress test was conducted 10 days later and 
prawn survival time was compared among treatments. After eight weeks rearing 
control prawn had significantly lower survival % than DSE supplemented diets at 
high doses 400-1000 mglkg). The highest final body gain was at 600 DSE mglkg 
diet. When subjected prawns to low dissolved oxygen stress te:;t, the control 
treatment showed the lowest survival percentage of prawn than fed DSE diets. [n 
conclusion, the DSE showed significant effects on survival, growth perfonnance 
and feed utilization of M rosenbergii PL especially those received the 600 mg 
DSE/kg diet. 

Keywords: Dunaliella extract, Macrobrachium rosenbergii, feed supplement, 
survival rate, growth peiformance, feed utilization. 

INTRODUCTION 

Despite the more optimistic proj~tions stil1 forecast a certain increase in Egyptian 
Aquaculture markets during the next years. In upcoming years, hatcheries will play more 
significant role as contributors to shrimp fanning. Already hatcheries nre easing the 
demands for wild postlarvae through p~uction of domesticated stocks. Although current 
hatcheries practices. are enable the. supply of sufficient number of fry, larval quality haS 
become a major concern·. Available' methods to estimate larval quality involve the exposUre 
of the animals to short extreme environmental stress. Shrimp lanral quality is a major 
concern for production purposes (New, 2005 and GAFRD, 2007). 

Macrobrachium rosenbergii (M rosenbergii), has been studied, dleveloped and 
received considerable attention over the past 20 years because of its chara(:teristics as an 
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aquaculture species. High larval mortality and the long larval cycle are constraints to M 
rosenbergii commercial rearing (FAD. 1998). After hatching. the zoea seems to have 
reserves for the first 24h. thus food is normally not provided during day I. However. in the 
wild. where a widl~ rang of preys is available. it is possible that young larvae show some 
level of feeding activity immediately after release. Newly hatched captive larvae showed 
peristaltic hindgut movements. indicating swallowing of water "lmd capacity to ingest food 
immediately after hatching. Without food. they lost coloration. reduced swimming activity. 
and some died befi)re completing one day (Tidwell et 01., 1993; Tidwell et 01., 1994). This 
indicates an early start of feeding activity, even before the reserves are exhausted. Thus, it 
was hypothesized Ithat supplying microalge during the following days would prevent their 
decline, speed thdr own to support· M rosenbergii larval development. It was also 
hypothesized that microalgae on the first day may boost energy resources and improve the 
gut condition, resullting in better digestive capacity (Cavalli et al., 1999 and Rozihan et al., 
2001). 

Naturally occ:urring carotenoid pigmentation in microalge diets, may be applied in 
animals feed so that resulting food products are appealing to the consumer. Carotenoids are 
amongst the most widely distributed pigments in biological systems. In natural. animals 
utilize color to assess the attractiveness of mate for breeding, good coloration in many 
animals good foraging ability (MlIJller et 01., 2000). Enhanced coloration through 
carotenoid deposition also signifies better health. as carotenoids have antioxidant 
functions, and the:refore individuals with less color likely to be those with a large 
detoxification burden. It has even been shown that animals infested with parasites are less 
able to deposit cal"Oteoids. Therefore, it may be concluded that, in animals, color often 
equals health and mate suitability (Guerin. et 01.• 2003). 

Survival improvement in Kuruma prawn. Marsupenaeus japonicus (Thongrod et al., 
1995), by dietary :ilStaxanthin supplementation was reported. Recent studies showed that 
enhancement of resistance to oxygen depletion stress (Chien et 01., 1999), salinity stress 
(Darachai et al., 1998; Merchie et 01., 1998; Chien et al., 2003) in penaeid postlarvae was 
associated with an increase in dietary and body Astaxanthin. It has several essential 
biological function including protection against oxidation ofessential polyunsaturated fatty 
acids; protection against UV light effects; immune response; pigmentation; 
communication; reproductive behavior and improve reproduction (Lorenz and Cysewski 
2000). Astaxanthin cannot be synthesized by animals and must be acquired from the diet. 
Although mammals and most fish are unable to convert other dietary carotenoids into 
astaxanthin, crustnceanS - have limited capacity to convert closely related dietary 
carotenoids into astaxanthin directly (Jyonaechi et 01., 1995). However, synthetic 
astaxanthin is still expensive for use in aquaculture. Several attempts have been made to 
find alternative source of aStaxanthin and other carotenoids such'as yeast, Phaffia sp. 
(Sanderson and Jolly, 1994), and many species of algae (Liao et 01.• 1993; Sommer et 01., 
1991; Boonyaratpa:lin et 01., 2000). In this study, different levels ofcarotenoid extract from 
the'green alga, Duna/ie/laextract (DSE) was used in prawn feed in 6rder to study the 
effect of this material, at different levels oh improving, survival- %, stress resistance and 
growth performance: in: freS'h water prawn. 
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MATERIALS AND METHODS 

Duna/iella sa/ina extract (DSE):' 
Dunaliella extract (DSE) was provided by EI-Max Salines Company in 

Alexandria. 

Tested diet andfeed processing: 
This study was undertaken at Animal and Fish Department, Faculty of Agriculture 

(Saba Basha), Alexandria University for 56'days. Six tested diets were formulated to have 
the same basic ingredients and composition with different levels of DSE (Table I). Such 
levels were 0, 200, 400, 600, 800 and 1000 mg DSE /kg respectively. All ingredients 
(Table I) were well ground, weighed, mixed and oil was added and mixed well. After that 
350 ml of freshwaterlkg feed was added and mixed well for 10 min. Then, passed through 
the meat grinder, the spaghetti-like feed was broken into very small pelle:ts and dried at 
60°C until the moisture was less than 10%. Dried diets were passed through 0.3 mm 
screen. 

Table (I): Feed ingredient and cbemical composition (%) of the basall experimental 
diet used for feeding fresb water prawn (M. rosenbergii) post-larvae reared 
in fiberglass tanks. 

Item glkg: 

Fish meal 250 
Prawn meal 180 
Soybean meal 270 
Wheat flour 230 
Rice flour 62 
Vitamin& Mineral mix 3 
Com Oil 5 
Cbemical composition (%): 
Dry matter 90 
On dry matter basis (%) 
Crude Protein 40.1 
Crude fat· 10.3 
Nitrogen free extract 33.6 
Crud fiber 8 
Ash 8 
Gross energy Kcal/IOOg dry matter 46 I.5 
Protein to Energy Ratio (mg protein/Kcalenergy) 86.9 

Diet containing 40 % crude protein. Vitamin and mineral mixture contains 4800 IU Vitamin A. 2400 
IV cholecalciferol (Vitamin 0), 4.0g" Vitamin E, 8g Vitamin K, 4.0g Vitamin 812, 4.0g Vitamin 82, 
6.0g Vitamin B6, 4.0g pantothenic acid, 8.0g nicotinic acid, 400mg folic acid, 20mg biotin, 200mg 
choline, 4g copper, OAg iodine, l2g iron. Gross energy (KcaVIOOg OM), calculated on the basis of 
5.64, 4.11 and 9.44 Kcal GEig protein, NFE and lipid, respectively (NRC, 1993) 
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Tested animals: 
Postlarvae ofM. rosenbergii with an average initial body weight 0.035 ± 0.002g were 

used. Twelve circular fiberglass tanks (each 1.5 m) with capacity of 1000 I) were assigned 
in this experiment. Prawns were randomly stocked into all treatment at a rate of 30 prawns 
in each tank. with two replicate per treatment. Each fiberglass tank was provided with four 
black polyvinyl chloride pipe (30 m long and 16 mIn diameter) to minimize the 
cannibalism. The experimental tanks were cleaned every day before the first feeding and 
about half of the water was replaced with de-chlorinated tap water. Water temperature was 
checked daily, and ranged between 25 to 27°C under control. Supplemented aeration was 
provided through air stones by using air pumps, which permitted a suitable level of 
dissolved oxygen for prawn. Animals were maintained on an artificial light photoperiod of 
12I12h light: dark schedule. Animals uom each replicate were weighed every 2 weeks and 
the daily amounts offood were readjusted as percentage oflive body weight at feeding rate 
of20% for 8 weeks. 

Growth performance analysis: 
At the end of the experiment, samples of prawns were weighed and the average total 

weights in each treatment were calculated. The final weight, average daily gain, specific 
growth rate, survival %, protein efficiency ratio and food conversion ratio, Carcass 
composition and chemical analysis of the basic diet were estimated and performed using 
standard AOAC, (1990) methods. 

Stress tolerance: 
At the termination of the feeding experiment (8 weeks), 50% of the survived prawns 

from each treatment were moved in duplicates to stress test glass aquaria (30x40xlOO em'). 
Prawns were stresst:d under low dissolved oxygen conditions by stoping the aeration and 
overlying plastic sheet on the water surface in each aquaria for IOh. Oxygen meter 
measured dissolved oxygen (YSI model 57). Oxygen level was linearly decreased to 0.5­
Img/I within the I0 h (7.00 am -5.00 pm) per day and then returned to nonnal condition in 
the evening. This challenge test was run for 10 consecutive days. Mortality of the prawn in 
each group was re,corded for 10 days period. All data were analyzed using one-way 
ANOVA (Sokal and Rohlf, 1981). 

RESULTS ANI) DISCUSSION 

Growth, survival,FCR and PER of M rosenbergii fed with varying levels of DSE 
after 56 days offeeding are presented in Fig 2 and (Tables 2 and 3). Weight gain ofprawn 
fed diet supplemented with 200-800 mglkg DSE was significantly higher that of the prawn 
fed control diet (P<0.05). During the period of study, there were significant differences 
(P<0.05) in terms of body weight between diets 200, 400, 600 and 800mg DSElkg from 
One side and 0 and 1000mg DSElkg on the other side (Table 2). Diet contained 600mg 
DSElkg showed the: highest mean final body weight (0.744 g) followed by diets contained 
80b, 200, 400,0 end HlOOmg,oSEJkg with ¥alues 0.565,0.53;2, O.44g, 0.494 and 0.,257g 
respectively. The specificgrow.th.rate in diet contained 600~g DSElkg,was the highest and 
showed significant difference (p<0.05) compared to diets contained 0 and 1000mg DSElkg 
(Table 2). However, it was not significantly different in FCR and PER among all 
treatments (P>0.05). During thelO days of stress period; the survival of fresh water prawn 
fed diet containing 800mglkg DSE was the highest as shown in Fig I and Table 4. 
Moreover, surviva.l percentages of all groups, fed DSE supplemented diets were 
significantly higher than the control (p<0:05). 
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Table (2): Growth performance and reed utilization or rreshwater prawn M. 

t'OSetfbergil post. larvae red with different dietary levels or DSE. 
DSE levels I.ilial Flul Avenll!:e Survival SGR

Mg/1lg Well·· Well·" Daily FCR PER(%) (e,'.)
D.M gaia 0000 00 

Omglkg 0.034 0294" 0.005 50.56b
· O.464b 3.01" 0.971" 

(%0.012) (±O.l60) (%0.321) (%0.053) 

200 mglkg 0.030 O..s~ 0.009 48.89b 0.896" 2.46" 1.020" 
(%0.015) (%0.413) (% 1.J10) (%0.2S6) 

400 mglkg 0.034 0.448"" 0.008 50.67· 0.739" 159" 1.187" 
(%0.043) (%0.179) (%1.162) (%0.273) 

600 mglkg 0.033 0.744" 0.013 61.11' 1.270" 2.16" 1.140" 
(%0.021)(%0.403) (%2.121) (%0.161) 

800 mglkg 0.35 0.565"% 0.010 60.67' 0.946"%0.104 2.)9"% 1.000":1: 
0.004 0.670 0.025
 

1000mg/kg 0.032 0.25i" % 0.004 70.00' 0.400 b %0.228 3.07"% 0.997"%
 
0.024 0.061 0.092 

Mean in the same column sharing the same subscript are not significa:ntly differenl (P:SO.05), SGR : 
Specific growth rate (%), FeR; Feed conversion ratio, PER: Protein efficiency ratio. 
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Table (3); Average ofgrowtb performance of M. rosenberg;; red on experimental diets 
containing different dietary levels of DSE (mglkg DM) for 8 weeks. 

No. of weeksItem o 2 4 . 6 8 
o 0.034 0.075 0.15 0.1925 0.2945 

200 0.03 0.08S 0.2815 0.415 0.5325 
400 0.034 0.09 0.212 , 0..3935 0.4485 
600 0.033 0.1175 0.282. 0.5265 0)44 
800 0.035 0.1025 0.2265 0.3915 0.565 

1000 0.032 0.097 0.1305 0.198 0.257 

Table (4): Effed of different levels of dietary DSE on the average of survival (%) of 
M. rosenbergii in each treatment during 10 days C)fstress test period. 

No. Of theDays of the stress testItem 
2. 345 678 9 10 

o 100 82.5 80 77.5 75 57.5 45 25 12.5 2.5 
200 mglkg 100 87.5 85 85 82.5 67.5 52.5 32.5 20 15 
400mglkg 100 90 85 85 85 75 62.5 57.5 42.5 27.5 
600mglkg 100 92.5 92.5 92.5 87.5 80 72.5 67.5' 47.5 37.5 
800 mglkg 100 95 95 95 92.5 87.5 77.5 72.5' 62.5 47.5 
1000 mWJcg 100 85 . 80 77.5 77.5 62.5 47.5 30 17.5 17.5 

Effects of DSE on carcass composition of M. rosenhergii are presented in Table 5. 
The obtained results revealed significant (P<0.05) positive effect of DSE supplements 
(P<0.05) at high doses of DSE (400, 600, 800 and 1000 g/kg DSE) on all carcass 
composition parameters. There was a significant (P<O.05) difference in dry matter content 
between animals fed diets with high DSE content (400, 600, 800 and 1000mglkg) than the 
other treatments (control and 200mglkg). There was a significant difference (P<o.05) in 
carcass crude protein between the control group and animals fed on DSE supplemented 
diets. Meanwhile: there were no significant differences (P>O.05) in carcass crud protein 
among animals that fed on DSE supplemented diets. Carcass ether extract increased 
(P<0.05) with in<:reasing DSE supplement in diets. Carcass ash content has been increased 
significantly (P<O.05) for animals that fed on DSE supplemented diets. 

Table (5): Carcass composition ofM rosenbergii fed different diet~ry levels of DSE 
(mEVkgDM). 

-I. on DM basisItem 
DM CP EE '-C1"- NFE ASH 

0 25.365" .54.762" 8.650" 3.957" 14.785"'1 17.860" 
(:l::O.19O) (:l::O.620) (0) (:l::O.I02) (:l::O.558) (:l::O.014) 

200 26.150" 57.640b 8.700' 3.765" 12.91~ 16.985" 
(:l::O.707) (:l::O.296) (:l::O.070) (:l::O.255) (:l::O.OO4) (0.063)

4.600" .400 26.805bo S8.310b 10.46SC 11.265· 1S,.360b 

(:l::O.247) (:l::O.466) (:to.063) (:l::O.1:17) (:l::O.318) (#).141) 
600 26.647bo 57.880b 10.690" 4.565· 11.455· 15.410" 

(!:O.166) .(:l::O.339) (:l::O.353) (:I::O.063} (:1::0.318) (:l::O.070) 
800 26.655bo S9.115b 10.620" 4.61~ 9.770'* 15.885" 

(:1::0.233) (:l::O.813) (:1::0.056) (:l::O.162) (:l::O.014) (:l::O.09I) 
1000 26.795bo 58. 1lOb 10.610" 4.62~ 11.260"" 15.390" 

(:1::0.120) (:1::0.947) (:l::O.070) (:1::0.042) . (:l::O.749) (:l::O.070) 
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After 3 weeks of feeding with the test diet, it was easy by naked eye to d'istinguish 
among treatments using body color. Prawn in treatments 200-1 OOOmg DSE/kg looked dark 
blue, while pale blue was observed in the control treatment. The color was more intense in 
diet 600mg DSElkg than the others. 

Although mammals and most fish are unable to convert dietary carotenoids into 
astaxanthin, crustaceans (such as prawn and some fish species including carp) have a 
limited capacity to convert closely related dietary carotenoids into as~anthin. Tanaka et 
af. (1976) reported on the metabolism ofcarotenoids in Kuruma shrimp and suggested that 
some of dietary carotenoid pigments such as astaxanthin, canthaxanthin, phoenicoxanthin, 
zeaxanthin and 4-ketozeaxanthin were converted into astaxanthin in shrimp body. 
Boonyaratpalin et al. (2001) have been reported that 125-175mglkg of synthetic J3-carotene 
extracted from Duna/ie//a salina (Betatene) demonstrated that black t;iger shrimp has 
metabolic ability to converted J3-carotene into astaxanthin. Also this finding agrees with 
Supamattaya et al. (2005) results, 200-300mglkg of l}-carotene from D. salina (Algro 
Natural@) showed its high efficiency for growth. survival and pigmentation in black tiger 
shrimp. Such finding was correlated with our results, (Table 2) 600-:g00mglkg of l}­
carotene from D. salina (EI-max salin Com.) showed its high efficiency in survival %, 
growth and pigmentation in postlarvae of M. rosenberg;; prawn. From previous reports, 
dietary p-carotene from D. salina were converted into astaxanthinand deposited in the 
shrimp body in free form by the association with protein and exists as carotenoprotein and 
esterified forms witch are predominantly a monoester and di-ester of long-chain fatty acids 
(Foss et al., 1987;Yamada et al., 1990 and Supamattaya et al., 2005). Carotenoids are fat­
soluble pigments (Fox and Vevers, 1960), 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 animals that fed on 400, 600, 800 and 1000mglkg DSE 
(Table 5). It was observed that biosynthesis or deposition of carotenoids may be adversely 
affected by poor lipid nutrition (Meyers and Latscha, 1997). In crustacean, unesterified and 
esterified carotenoids may accumulate as lipid dispersions in the chromatophores 
(Fingerman, 1965), binding with chitin in the carapace (Ghidalia, 1985 and Gladis and 
Bjern, 2002). Studies suggested that eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA) are the principal fatty acids esterified 'with the potions of astaxanthin linked to 
chitin in the shrimp carapace (MeyersARd Latscha, 1997). Chien and JOll1g (1992) stated 
that Penaeus japonicus, growth benefits have been recorded of feeding astaxanthin and 
Neger-Sadargues et al. (1993) have shown a growth rate increase of least 25~ through the 
addition of astaxanthin to a non~pigmented basal feed. In the study of Thongrod et al., 
(1995), however, an increase in growth was observed in P. monodon fed with increasing 
levels (5-300mglkg) for 30 days. Petit et af., (1997) also foun<J that dif~tary astaxanthin 
improved the growth rate and shortened the moulting cycle of M japonicus postlarvae 
during 20-day rearing period. All above- mentioned factors could have introduced 
complexity and variation. in pigmentation and made the differences final weight, FCR, 
SGR. Our J:esults stated (Fig 2) that there is some evidence showed the positive effect of 
dietary ~carotene from D. salina on growth (SGR 200-800mglkg p-carotene from D. 
salina) but no evidence showed the, positive effect on feed efficiency, FeR and PER M 
rosenbergii. Moreover 1000mglkg lJ-carotene ftom D. salina has the poorest growth, effect 
on feed efficiency, FCR and PER. Johnson JUld An (1991) suggesting that because of the 
thick cel1 wall of algae may impede the digestibility and absorption. Moreover, a high 
supplementation ofdried algal cells caused retardation ofgrowth in black tiger shrimp (Lio 
c:t al., 1993). In Atlantic salmon parr, Christiansen, et 01. (1995) were able to show that fish 
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fed feed containing 60 mg astaxanthin per kg grew significantly better than fish a diet free 
of this pigment. An essentiality of astaxanthin for growth and survival in these fish was 
claimed, and TOITissen and Christiansen (1995) subsequently recommended that a 
minimum of 10mg: astaxanthin or canthaxanthin per kg diet should be supplemented into 
feeds for all fish and crayfish diets. In Larvae and juveniles of non-salmonid fish too, they 
have reported slight growth benefits, for example in carp and tilapia. Senger et al., (1989) 
reported that astaximthin has a positive nutritional functit>n in the intermediary metabolism 
and liver functioning (astaxanthin supplementation have beneficial t() liver structure and 
also hepatic glycogen storage) in tilapia. On the otherhand KalinoWski et al.; (2005) found 
that fish fed carot<:noids did not improve growth performance and FCR (Chebbaki, 2001 
and Gomes e/ al., 2002). Also, a study with rainbow trout (Nickell and Bomage, 1998 and 
Yanar e/ al., 2007) found no significant differences. Nevertheless, with rainbow trout, fish 
fed an astaxanthin supplemented diets from 6.5 and 25.5 exhibited higher wet weight than 
fish fed astaxanthin from120.5 up to 400 g; these results suggest supplementing for longer 
periods are need to evaluate a possible role on growth. 

Lower surviv:ill % (Table 2) of diets I, 2 and 3 than high supplemented DSE 600, 800 
and 1000mglkg di<:tary Jkarotene from D. salina was sufficient to sustain prawn survival. 
The similar survival % between prawns fed pigmented diets at different concentrations 
(600 and 800 mg/kg) indicated that carotenoids supplemented at 800 inglkg had no extra 
benefit on prawn's: survival compared with lower supplemented diets (200, 300 and 400 
mglkg). Yamada et al. (1990) also reported that M.japonicus fed with diets supplemented 
with astaxanthin (:50-400mglkg) had higher survival than those fed with a control diet. 
Chien and long (11992) also found a positive correlation between survival and optimal 
pigment concentration in prawn tissue and suggested that pigment might playa role in 
improving the survival of prawn. Bordner e/ al. (1986) pointed out that disregarding the 
concentration. as long as carotenoid was supplemented in the diet, the survival of 
crustacean would not be affected. 
Low dissolved Oxygen stress test: 

Control group exhibited very poor resistance to low oxygen stress conditions 
compared with aniimals fed with Jkarotene from D. salina supplemented diets (Fig I). 
Similar trend was reported by Chien et al., (1999) on juvenile P. monodon fed with diet 
without astaxanthin supplement compared with those fed with 360mg1kg astaxanthin for 1 
week. The possibillity that oxygen- containing carotenoids such as astaxanthin and lutein 
(Soin, 1954; CzeCIJlg&, 1979), In which oxygen is attached at the center of the hydrocarbon 
chain (Kamaukhov, 1979), may act as an intracellular oxygen .reserve for' respiration in 
salmonids eggs subjected to oxygen stress has been postulated (Chile. 1985), Such 
intracellular oxygelll reserves (Ghidali.. 1985; Latsch.. 1990; Oshima et al., 1993) or of its 
electron-acceptor <:quivalent (Ghidali.. 1985) mayalso-permit the crustacean to survive 
under hypoxic conditions conunon in pond culture environments (Chien and long, 1992). 
High astaxanthin content in kuruma prawn, about 900/00f its total pigments (Ishikawa et al., 
1966), may contribute to its high tolerance to low dissolve oxygen and lower demand for 
oxygen. This is evidenced by the fact that kuruma, prawn is one of the few penaeids that 
can be transported alive ,withQut water and the fact that during 'the day, it burrows itself 
into the Sediment (Bailey-Brock and Moss"(992), which is usually hypoxic. Aside from 
being active in· cross-membrane calcium transfer and serving as oxygen reservoirs in the 
neuronal respiratory chain carotenoids also protect sensitive tissues and reactive 
compounds from damage due to oxidation (Oshima et al., 1993). There have been several 
reports suggesting that astaxanthin functions as a potent antioxidant for prawn against 
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physical (Darachai et aL., 1998; Merchie et al., 1998; Chien el aL., 2003), Chemical (Pan et 
al., 2003a), and pathological stresses (Merchie et al., 1998; Pan et al., 2003b). Astaxanthin 
may serve as an intracellular oxygen supply for shrimp, allowing survival under the 
hypoxic conditions in the pond bottom (Chien and Jong, I992). Chein et al. (1999) 
reported that black tiger shrimp fed diet cOQ~ining 360 mg synthl;til( ~ta,)(aJlthin!kg diet 
had better survival when exposed to.oxygen depletion stress. This.fioding a:lP'eed.with Ol,lr 
study and concluded that deposited I}-earotene from DSE extract may constitute an 
intracellular reserve ofoxygen in black tiger shrimp. 

All above results concluded that increasing DSE (from EI-Max salin c:ompany) level 
in M. rosenbergii diets resulted in better s"urvival, growth and quality ofM rosenbergii PL. 

REFERENCES 

A.O.A.C.	 (1990). Official Methods of analysis. Association of Official Analytical 
Chemists, 15th ed. AOAC, Inc., Arlington, VA. 1298. 

Bailey-Brock, J.R. and S.M. Moss (1992). Penaeid taxonomy, biology and 
zoogeography. In: Fast, A.W., Lester, L.J. (Ed.), Marine Shrimp Culture: 
principles and Practices. Elsevier Science pub. B.V. Amsterdam, The 
Netherlands, pp. 9-27. 

Boonyaratpalin,	 M.; K. Supamattaya and C. Borisutb (2000). The immune system in 
black tiger shrimp, Penaeus monodon (Fabricius): VIII. Effect of astaxanthin 
on blood parameters, immune system and disease resistance in black tiger 
shrimp (Penaeus monodon Fabricius). Songklanakarin J. Sci. Tech.. 22: 633­
639. 

Boonyaratpalin, M.; S. Thongrod; K. Supamattaya; G. Britton and LE. Schlipalius 
(2001). Effects of ~carotene source, Dunaliella salina, and astaxanthin on 
pigmentation, growth. survival and health of Penaeus monadon. Aqua. Cult. 
Res. 31: 182-190. 

Bordner, C.E.; L.R. O'abramo, D.E. Conklin and N.A. Baun, (1986). Development and 
evaluation ofdiet for crustacean aquaculture. J. Aqua. Soc. 45: 132·141. 

Cavalli, R.O.; P. Laven and P. Sorgeloos (1999). Perfonnance of Macrobrachium 
rosenbergii broodstock fed diets with different fatty acid composition. 
Aquaculture.179: 387-442. 

Chebbaki, K. (2001). Efecto de la nutricion sorbre la coloracion de la piel y la calidad del 
filete en bocinegro, pagrus pagrus. Master Thesis II International Master in 
Aquaculture, University de Las Palmas Grim Canaria, Spain, 93 pp. 

Cbien, Y.H.; LM. Cbien; C.R. Pan and K. Kunnaly (1999). Oxygen depletion stress on 
mortality and lethal course of juvenile tiger prawn Penaeus monodon fed high 
level ofdietary astaxanthin. J. ofFish Society. Taiwan, 26: 85-93. 

Chien, Y.H.; C.H. Pan and B. Hunter (2003). The resistance to physical stress by 
Penaeus monodon juveniles fed diets supplemented with astaxanthin. 
Aquaculture. 216: 177-191. 

Cbien, Y.B. and S.C. Jong (1992). Pigmentation of kururna prawn Penaeus japanicus 
Bate, by various pigment sources and levels and feeding ~egitTies. Aquaculture. 
'103: 333-346. . . 

Cbristiaasen, R.; J. Glette; O. Lie; O.J. TorrisseD and R. Waagbo (1995). Antioxidant 
status and inununity in Atlantic 'salmon, Salma salar, fed semi-purified diets 
with and without astaxanthin supplementation. J. Fish Dis., 18: 317-328. 

Craik,	 J.C.A (1989). Egg quality and egg pigment content in salmonid fishes. 
Aquaculture. 47: 61-88. 



EI-Bermawi 

Czecuga, B. (1979). Carotenoids in fish: XIX. Carotenoids I the eggs of Oncorhynchus 
keta. Hydrobiolo., 63: 45-47. 

Darachai, J.; S. I'iyatiratitivorakul; P. Kittakoop; C. Nitithamyong and P. Menasveta 
(1998).. Effects of astaxanthin on larval growth and survival of the giant tiger 
prawn, Penaeus monodon. In: Flegel, T. W. (Ed.), Advances in Shrimp 
Biotechnology. National Center for Genetic Engineering and Biotechnology, 
Bangkok, pp.ll 7-12 L 

FAO (1998). Food Agriculture Organization. Aquaculture production statistical: 1987­
1996. FAO Fisheries Circular No. 815, Revision 10: 197. 

FAO (2005). Food Agriculture Organization. The status of the World Fisheries and 
Aquaculture (sofia) 2005. From Fisheries Global Aquaculture Production 
Database fot freshwater" crustaceans at: http:www.faostat.fao.orglfaostat.lno 
fitzsimmons, K.2001. polyculture of tilapia and penaeid shrimp. Global 
Aquaculture Advocate, 4: 43-44. 

Fingerman, R. (1~.6S). Chromatophores.physiol. Rev. 45: 296-339. 
Foss, P.; B. Rensltrom and S. Liaaen-Jnsen 1987). Natural occurrence of enantiometric
 

and me:so astaxanthin: 7. Crustacean including zooplankton. Coinpa. Bioch.
 
Physio... 86B: 313-314.
 

Fox, H.M. and G. Veven (1960). The natural of animal colors. Sidgwick and Jackson, 
Ltd., London. 65 pp. 

GAFRD. (2007). General Authority for Fish Resources Development. Statistical analysis 
of total aquaculture production in Egypt. Ministry of Agriculture and Land 
Reclamiltion, Cairo, Egypt (Arabic ed.). 

Ghidalia,	 W. (1985). Structural and biological aspects of pigments. In: Bliss, D.E., 
Mantel, L.H. (Eds.), The biology of Crustacea, Vol. 9. Academic Press, New 
York. 30 I pp. 

Gladis, N.C. and 8. 8jem (2002). Astaxanthin from the red crab iangostilla 
(Pleurm'lcodes planipes) optical RfS isomers and fatty ac:id moieties of 
astaxanthin esters. Comparative Biochemistry and Physiology, B133: 437-444. 

Gomes, E.; J. Diu; P. Silva; 1.. Valente; J. Empis; J.B. Gouveia and A. YODaC (2002). 
Utilization of natural and synthetic sources of carotenoids in the skin 
pigmentation of gilthead sea bream (Sparus aurala). Euro. Food Res. Tech. 
214: 287-293. 

Guerin,	 M.; M.I!:.Baatley aad M. Olaizola (2003). Haematoeoeeus Istaaxnthin: 
applications for hwnan health and nutrition. Review trends in Biotechnology, 
21: 210-215. 

Johnson, E.A. aad G.R. Au (1991). Astaxanthin from microbial sources. Crit.Rcv. 
BiotechnoI. 11, 297-326. . ' 

Ishikawa, W.; Y. miYake aad S. Yasuie (1966). Chromatopho(es and caroyenoids in . 
cultured kuruma Penaeus japonicus Bate, of different body colours. Bulletin of 
Fish ExperillleQ.falStrLOkayama Prefecture 5: 18-24 

Jyonaechi, 8.; S.L SUD aad M. Gross (1995). Effect of earotenoids on in vitro 
immunoglobulin production by human peripheral blood mononuclear cells: 
astaxanthin, a carotenoid without vitamin A activity, enhances in vitro 
immunoglobulin production in response to a T-dependaht stUnJllant antigen. 
Nat. C8l1Icer., 23: 171-183. . 

Kalinowski, C.T.; 1..E.Robaiaa; H. Feraandez-Palacios; D. Scbucbardt aad M.s. 
Izquierdo (200S). Effect of different carotenoids sources and their dietary 
levels 0111 red porgy (Pagrus pagrus) growth and skin colour. Aquaculture, 244: 
223-231. . 

Karnaukhov,	 V.N. (1979). The role of filtrate mollusks rich in carotenoi~ in the self­
cleaning of fresh waters. Symposium of Biological Hung, 19: 151-167. 

122 



Egyptian J. Nutrition and Feeds (2009) 

Latscba, T. (1990). Carotenoids in animal nutrition: their nature and significance in 
animal feeds. Roche Pub!. No. 2175.Fhoffinann-la Roche, Animal Nutrition 
and Health, Basel, Switzerland, 

Liao, W.L.; S.A. Nur-E-BorhaR; S. Okada; T. Matsui and K. Yamaguichi (1993). 
Pigmentation of cultured black tiger prawn by feeding with a Spl1llina­
supplement~d diet. Nippon Suisan Gakkaishi, 59: 165-169. 

Lorenz, R.T. and G.R. Cysewski (20~)•. Commercial potential for Haematococcus 
microalg~ as a natural source ofastaXanthin. Tren. of Biotech., 18: 160-167. 

Mercbie, G.; E. Kontara; P. Lavens; R. Robles; K. Kurmaly and P. $olrgeloos (1998). 
Effect of vitamin C and as~anthin on stress and disease: resistance of 
postlarval tiger shrimp Penaeus monodon (Fabricius). Aquaculture. Res., 29: 
579-585. 

Meyen, S.P.~aDd T. Latscba (1997). Carotenoids. In: D'Abramo, L.R., Conklin, D.E., 
Akiyama, D.M. (Eds.), Crustacean Nutrition, Advances in World Aquaculture, 
World Aquaculture Society, Baton Rouge, LA, 6:164-193. 

Meller, A.P.; C. Biard; J.D. Blount; D.C. Houston; P. NinDi, N. Saino and P.F.Surai 
(2000). Carotenoid-dependent signals: indicators of foraging efficiency, 

. immunocompetence or detoxification ability. Avian and Poultry Biology 
reviews, \1: 137-\59. 

New, M. (2005). Freshwater prawn farming: global status, recent ~h and a glance at 
the futur~. Aquaculture. Res., 36: 210-230. 

Nickell, D.C. aDd N.R. Bomage (1998). The effect of timing and dunltion of feeding 
astaxanthin on the development and variation of fillet colour and efficiency of 
pigmentation in rainbow trout (Oncorhynchus mykiss). Aquaculture, \69: 233­
246. 

Neger-Sadargues, G.; R.Castillo; H. Petit; S. Sance; RoG. Martinez; .J.C.G. Milieus; 
G. Choubert and J.P. Trilles (1993). Utilization of synthetic: carotenoids by 
the prawn Penaeus japonicus reared under laboratory conditions. Aquaculture, 
110:151-159. 

NRC (1993). Nutrient Requirments of Warmwater Fishes and Shellfishes, Washington, 
National Research Council, rev. ed., National Academy Press, DC, USA. 

Osbima, S. F. Ojima; H. $okamoto; Y. Ishiguro and J. Terao (1993). Inhibitory effect 
of /H:arotene and astaxanthin on photosynthesized oxidation of phospholipid 
bilayers. J. NutL Sci. and Vita.,39: 607-615. 

PaD,	 C.B.; Y.B. Chien and B. Hunter (2003a). The resistance to ammonia stress of 
Penaeus monodOn Fabricius juvenile fed diets supplemented with astaxanthin. 
J. Exper. Mar. Bio. Eco., 297: 107-118. 

Pan, C.B.; Y.B. CbieB and B. Hunter (200Jb). Alterations of antioxidant capacity and 
hepatopancreatic enzymes in PenaeJlS monodon -Fabricius juvenile fed diets 
supplemented with astaxanthin and exposed to Vibrio damsela challenge. J. 
Fish Soc" Taiwan, 30: 279-290. 

Petit, 8.; G. Negre-SadarguC5; R.CastiUo and J. Trilla (1997). The effects of dietary 
astaxanthin on growth and moulting cycle of postlarval ~;tages of prawn, 
Penaeus Japonicus. (Crustacea, decapoda). Comparative Biochemistry and 
Physiology, 117A: 539-554. ' 

Rozibaa,	 M.; C.R. Saad; K.C.A. Jalal; A.R. Al;imoa and M.B. Hatta (2001). The 
utilization ofp-Iant.based protein for the growth and survival ofMacrobrachium 
rosenhetgl'i(De Mann) Larvi'2001-fish and SellfishLarviculture Symposium. 
Euro. Aqua. Soc., Special Publication No. 30, Gent, Belgium~ 2001, pp. 525­
528. 

Sanderson, G.W. and S.O. Jolly (1994). The value of Phaffia yeast as a food ingredient 
_for salmonid fish. Aquaculture, 124: 193-200. 

123 



EI-Bermawi 

Senger, H.; P. Arend; K. Von Poeppiogbaussen and H. Schmidt (1989). The effect of 
feeding astaxanthin to Oreochromis ni/oticus and Cotisa labiosa on the 
histology of liver. Aquaculture 79: 381-390. 

Simpson, K.L. (1982). Carotenoid pigments in seafood and aquaculture. Crit. Rev. Food 
Sci. Nutr., 38: 1-67. 

Soin, s.G. (1954). Pattern of development of summer, chum, masu and pink salmon. 
Pacific salmon, Israel Program for Scientific Translation, Jerusalem, v~ 1961: 
42-54. 

Sokal, R.R. and F.J. Roblf (1981). Biometry. Second edition. W.H. Freeman, San 
Francisco, USA. 

Sommer, T.R.; W.T. Potts aDd N.M. Morrissy (1991). Utilization of. microalgal 
astaxanthin by rainbow trout Oncorhynchus mykiss. Aquaculture, 94: 79-88. 

Supamattaya, K.; S. KiriratDikom; M. Boooyaratpalin and 1.. Borowiaka (2005). 
Effect of a Dunaliella extract on growth performance health condition, immune 
response and disease resistance in black tiger shrimp Penaeus monodon. 
Aquaculture 248, 207-216. 

Tanaka, Y.; K.L. Katayama; K. Simpson and CO. Cbichester (1967). The carotenoids 
in marine red fish and the metabolism of the carotenoids in sea bream, 
Chrysohprys major Temmirich and Schegel. Bull. Japan. Soc, of Sci. and Fish, 
42: 1117-1182. 

Tbongrod, S.; A. TaDsutapaoicb aDd O.J. Torrissen (1995). Effect of dietary 
astaxanthin supplementation on accumulation, survival and growth in 
postlarvae of Penaeus monodon Fabricius. In: Lavens, Jaspers, E., Roelants, I. 
(Eds.), Larvi'95-fLSh and Sellfish Larviculture Symposium. Euro. Aquaculture 
Soc., Special Publication No. 24, Gent, Belgium, 1995, pp. 251-254. 

Tidwell, J.H.; L. Webster aDd LR. D'Abramo (1993). Population characteristics of 
Macrobrachium rosenbergii fed diets containing different protein sources under 
coolwater conditions in earthen ponds. Aquaculture, 126,271-281. 

Tidwell, J.H.; L. Webster; D.H. YaDcey aDd L.R. D'Abramo (1994). Partial and total 
replacement of fishmeal with s()ybean meal and distillers' hy-products in diets 
for culture of the freshwater prawn Macrobrachium rosenbergii. Aquaculture, 
118: 119-130. 

Torrissen, O.J. and R. CbristianseD (1995). Requirements of carotenoids in fish diets J. 
Ichthy., II: 225-230. 

Yamada, S.; Y. Tanaka, M. samesbima aDd Y. Ito (1990). Pigmentation of prawn 
Penaeus japonicus with carotenoids: Effect of dietary astaxanthin, f3-car0tene 
and canthaxanthin on pigmentation. Aquaculture, 87: 323-330. . 

Yanar, Y; H. Biiyiik~apar; M. YaDar. aDd M. C6cer (2007). Effect of carotenoids from 
red pepper and marigold tlower on pigmentation, sensory properties and fatty 
acid composition of rainbow trout. Food Chemistry, 100: 326,·330. 

124
 



Egyptian J. Nutrition and Feeds (1009) 

~J l4..J!J ~~ ':it U-.! ",-.jt ~ \.w, ~wJ..1tt ~ ",01.;'i !It" .J'I ~I 

~~JJ.> ~~..v=:a"" ~.:wt ,,~t ~~,.wtt 9-~!J ~~.w 

'~11 J ........J uu.'lf" ,..;JI VA ~ ~ ~u.J..iJ1 ~ ~ UWo, ~ ....'r'J1 ,:",~, 

..:.u:.:.u ~ ~j.N ~ r~ ".,., .:w J~ r~ , ... ~ u~ ""~~..iJJ ~!J.a.»&L. ~.:....JI '41 ..s~ 
' 

.~L..I""...I1(~ \ ... ~.,.u..I~·r \ .•)V"~~ 

~ r~ , ..• .J ..... , " •• , t··. ,.. )~ ~~f~ ~u~l~ ,j ..:.~ 0 

.~I ~ rl.:!l \ ••...11 ~'lfl ~ ~ .~ 'lf1.J~1 ~ .~ U~I ":'upll U ~I ~u-,..iJ1 

ija .~I ~ ~~I '::"-;'.Jl .~'lfl ~ ~ .~)U ~ Uu.'lfl ..:.'If ....... ~.JL.i..o ~.J ....~I 

t·· ~I ....iw.LI .;.3)\.&11 .:,.c. ~u.J..iJ1 ...,.w.:;...... VA ~L>.Jl ~I ~ uu.)U ~I ~JI~I~f 

~1":";l£c,.J.~I r~ " .• U~I..s':;'-" ~.;"l£c, ';"»-1 ' ~ ••I.:!.j J ........ ~I. ~.Ir~ \•.. ..,JI 

~~IVA.J~'lfI~~.~'lfI.)~I~..:.~-,J ....... ~I~u.J..iJI~ .... VA~U.U.\.a..o 

..s~ ,,:,lJ~,..;J1 .I''',..;JIJ Uu.'lfl ~..s~ ~b l.,fI ",l£c, ~u.J..iJ1~ UW.I ';"I..r.o-~ ~l.-JI 

125
 




