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FUCOIDAN SUPPLEMENTATION IMPROVES METAMORPHIC SURVIVAL AND ENHANCES
VIBRIOSIS RESISTANCE OF Penaeus japonicus LARVAE
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Abstract- Feeding trial was conducted to evaluate the effects of dietary fucoidan supplementation on biological performance and bacterial
resistance of early larval stage of Penaeus japonicus. Four microbound semi-purified diets containing graded levels of fucoidan (0.0, 100,
500, 1000 mg/kg diet) were formulated and fed to zoea larval stage of P. japonicus. Each diet was fed to three replicate groups of larvae and
the feeding trial was terminated after the larvae had metamorphosed to the mysis stage. Results indicate that supplementation level of 500
mg fucoidan/kg diet is adequate to improve the zoea metamorphic survival to the mysis stage and this supplementation level was also found
to be optimum in enhancing the bacterial resistance of zoea larvae against pathogenic Vibrio harveyi infection. The present results suggest
that Undaria pinnatifida fucoidan at a dose of 500 mg/kg diet could be used as a dietary supplement to improve the metamorphic survival
and enhance bacterial resistance of zoea larval stage of P. japonicas.
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Introduction

In the past decades, increasing global demands for shrimp has
led to a rapid expansion and intensification of shrimp culture caus-
ing serious environmental deteriorations and emergence of infec-
tious agents implicated in severe production losses both in hatch-
ery and in grow-out operations [11]. To date, microbiological dis-
eases are considered as major obstacle in the sustainability and
profitability of penaeid shrimp aquaculture. The industry has expe-
rienced serious economic losses due to the out breaks of patho-
gens that include fungi, bacteria and viruses [28]. Heavy mortali-
ties in ponds are usually attributed to virus infections, while in
hatcheries the mortalities are mainly caused by fungal and bacte-
rial infections. Several evidences also suggest that the early larval
stages of shrimp are more susceptible to bacterial infections than
the juvenile and adult stages [7,10,15,18].

The use of immunostimulating compound has been proposed as a
potential means in reducing the risk of production losses due to
disease outbreaks in shrimp aquaculture. Most immunostimulants
identified to date are compounds derived from cellular compo-

nents of bacteria and fungi. Enhancement of immune responses
leading to the improvement of resistance against infectious agents
and better growth performance are the known documented effects
of immunostimulants in several species of shrimp [14, 19, 22, 24].
Moreover, polysaccharides of algal origin such as carrageenan,
laminaran, alginate and fucoidan have also been shown to exhibit
potent immunomodulatory effects on shrimp [29, 4, 5,16]. Howev-
er, in contrast to most microbial-derived immunostimulants such
as B-glucan, peptidoglycan, and lipopolysaccharide, which effects
on shrimp are well-established, information regarding the effects
of seaweed polysaccharides on shrimp larval physiology and
disease resistance has been relatively scarce.

Fucoidan, a fucose-enriched sulfated polysaccharide from brown
algae has been documented in vertebrates to elicit potent antiviral
and immune enhancing properties [3]. In addition, dietary supple-
mentation of fucoidan from Cladosiphon okamuranus and Sargas-
sum polycystum has been documented to improve the immuno-
logical response and resistance against viral infection in juvenile
M. japonicus [25] and P. monodon [5] respectively. Although the-
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se results are promising, but the effects of fucoidan on the biologi-
cal performance and bacterial infection resistance of the early
larval stage of shrimp have not been evaluated to date.

The present work was conducted to determine the influence of
dietary fucoidan supplementation on the metamorphosis survival
and bacterial infection resistance of the early larval stage of Pe-
naeus japonicus.

Material and Methods

Fucoidan preparation and test diets

Fucoidan was prepared from a dried sporophyll powder of U. pin-
natifida (Marui products Co., Ltd., Kitakyushu, Japan), following
the scheme described by Mori and Nisiziwa (1982). The fucoidan
polysaccharide has a fucose and sulfate content of 40.0 % and
23.5 % respectively.

Composition of the basal diet (Table 1) used in this feeding trial
was patterned based on the formulation used in the larval nutri-
tional experiment with P, japonicus by Koshio et al. (1991). Four
dietary treatments were used consisting of increasing dietary in-
clusion levels of fucoidan (0, 100, 500, 1000 mg/kg diet). The
Experimental diets were prepared in microbound form following
the procedures described by Teshima et al. (1982). The diets were
prepared by mixing the dry ingredients with feed oil followed by
the addition fucoidan dissolved in adequate amount of water. The
binder zein dissolved in 70% ethanol was then added and mixed
to the resulting moist mash. Ethanol was removed from the mix-
ture by evaporation under reduced pressure and the resulting diet
were freeze dried, crumbled and sieved to appropriate sizes. Diets
were stored at - 28 °C until used.

Table 1- Composition of the basal diet

Casein 450
L-Arginine 3.0
L-Lysine 20
Dextrin 5.0
a-starch 10.0
Glucoseamine-HClI 0.8
Sodium succinate 0.3
Sodium citrate 0.3
Cholesterol 0.5
Soybean lecithin 3.0
Choline chloride 0.5
HUFA-EE= 0.5
Pollack liver oil 6.0
Vitamin mixb 1.0
Mineral mixe 7.0
a-cellulose 10.1
zein 5.0
Protein 52.41
Lipid 9.19
Ash 6.38

aHighly unsaturated fatty acids; a mixture of eicosapentaenoic
(20:5n-3) and docosahexaenoic acid (22:6n-3) ethyl esters (3:2, w;
w; Riken Vitamin Co. Ltd., Tokyo, Japan).

b(mg/100 g): p-amino benzoic acid,9.48; d-Biotin,0.38; Inosi-
tol,379.20; Niacin,37.92; Ca-pantothenate, 56.88; Pyridoxine-HCl,
11.38; Riboflavin, 7.58; Thiamin-HCI,3.79; l-ascorbyl-2-phosphate-
Mg, 132.00; Folic acid, 0.76; Cyanocobalamine, 0.08; Menadione,
3.80; Vitamin A-palmitate,17.85; a-tocopherol,18.96; Calciferol,
1.14.

°(g/100 gdiet) K;POs 2.011; Ca(H2POs).2H.0, 2.736:
MgSOs.7Hz0, 3.05; NaHzPO4.2Hz, 0.795.

Experimental animals, rearing conditions and feeding trial
The larvae used in this study were obtained from wild spawners
caught from Miyasaki prefecture, Japan. The trial was run using
zoea stage larvae (Z1). Groups of 100 Z1 were randomly stocked
into 12 1-L beakers containing 750 ml of 34 ppt, membrane filtered
(50um) and UV sterilized seawater. Aeration for each beaker was
supplied through a glass Pasteur pipette with tip reaching to the
bottom, providing a mild stream of air that circulated water inside
the container, keeping feed particles in suspension. These culture
containers were suspended in a 28°C water bath and were main-
tained under normal photoperiod. Each experimental diet was fed
to triplicate groups of Z1 until reaching complete metamorphosis to
the Mysis stage (M1). Treatment groups were fed their respective
diets (microbound diet, 53-100 um) at a rate of 0.16 mg/larvae,
subdivided into two equal feedings at 0900 and 1700 h. Quantifi-
cation of survival, larval stage identification and complete renewal
of rearing water was conducted daily following the scheme de-
scribed by Koshio et al. (1991). Larval stages were determined as
described by Hudinaga (1942).

Bacterial challenge test

Another group of larvae were maintained with the test diets and
exposed to pathogenic Vibrio harveyi via immersion to asses the
efficacy of dietary fucoidan supplementation in enhancing the
resistance of zoea against vibrio infection. The bacterial pathogen
used is a virulent Vibrio harveyi strain (PN-9801), obtained from
the bacterial collection of SEAFDEC Aquaculture Department,
Philippines. This bacterial strain has been maintained and cultured
in thiosulfate citrate bile salt sucrose agar media (TCBS, Difco)
and tryptose soy broth (TSB, BBL) supplemented with 2% NaCl.
Five treatment groups consisting of 300 Z; larvae per treatment
were reared and fed with the experimental diets containing graded
levels of dietary fucoidan (0, 100, 500, 1000 mg/kg) until the lar-
vae has molted to Zoea (Z2) stage. From each treatment, 200 Z»
larvae were collected and stocked to 1L round bottom glass con-
tainers filled with 750 ml of autoclaved natural seawater and aerat-
ed through 0.22um filters. Immersion pathogen challenge test was
then conducted in accordance to the method described by
Praytino & Latchford (1995) and Soto-Rodrigues et al. (2006).
Larvae were infected by immersion in an aerated viable suspen-
sion of V. harveyi (PN-9801)at a concentration of 107 CFU/ml. A
separate group of larvae not exposed to the bacterial pathogen
served as the non-infected control group. The larvae were not fed
during the duration of the test and surviving larvae were counted
after 48 h.

Statistical Analysis

Mean metamorphic larval survival among the treatments were
compared using one-way Analysis of Variance (ANOVA) and sig-
nificant differences among the treatments were resolved using
Tukey’s honest significant difference test (super ANOVA, ver.1.11,
Abacus Concepts, Berkeley, California, USA) at 0.05 level of sig-
nificance. Chi square test was used to compare the differences in
survival response among the treatments following the bacterial
challenge test.
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Results
Metamorphosis survival
Metamorphosis survival of the zoea larvae to the mysis stage (M+)
as a response to dietary fucoidan supplementation is shown in
figure 1. Significantly higher metamorphic survival were observed
in treatments fed diets supplemented with 500 and 1000 mg fu-
coidan as compared to treatments fed the control and the lowest
fucoidan supplementation. The difference in survival in treatments
receiving 500 and 1000 mg fucoidan supplementation was not
significant. Metamorphic survival in treatment receiving100 mg
fucoidan supplementation did not differ with the control treatment
and was the lowest among the dietary treatments.
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Fig. 1- Metamorphosis survival to mysis stage of zoea larvae fed

fucoidan supplemented diets. Bars are means of triplicate groups

+ S.E. Mean values bearing similar superscript are not significant-
ly different.

Bacterial Challenge Test

Dietary fucoidan supplementation was observed to improve the
resistance of Zoea2 (Z») larvae against the pathogenic bacteria, V.
harveyi (figure 2). Mean post-challenge survival of larvae in-
creased with increasing level of dietary fucoidan supplementation.
Highest survival was observed in dietary treatment with 1000 mg
fucoidan supplementation followed by the treatment with 500 mg
supplementation. No significant difference in the number of surviv-
ing larvae was observed in these treatments. The control treat-
ment exhibited the lowest survival that was not significantly differ-
ent to that of treatment with 100 mg fucoidan supplementation.
Larval survival in these dietary treatments was significantly lowr
than that of treatments with 500 and 1000 mg fucoidan supple-
mentation.
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Fig. 2- Survival of zoea larvae fed fucoidan supplemented diets
and challenged with pathogenic Vibrio harveyi by immersion. Val-
ues bearing similar superscript are not significantly different (x2 -
test,a= 0.05).

Discussion

In recent years, there have been a considerable number of works
highlighting the potential benefits of immunostimulants to enhance
the immunocompetence and disease resistance of cultured
shrimp. However, these earlier studies were centered on under-
standing the modulation of immunological responses related to
disease resistance in juvenile and sub-adult shrimp and concerns
regarding the influence of immunostimulants on larvae have not
been fully addressed. Crustacean larva has a large body surface
area and undergoes radical changes both in morphology and
physiology during the course of development, making it highly
vulnerable to microbial infections and environmental stressors
[21]. Immunostimulation has been suggested as a potential meth-
od for improving survival by enhancing the larval immunocompe-
tence against pathogenic agents [27]. However, the current
knowledge on the biological response and physiological conse-
quences of immune stimulation in larvae has been limited. Thus,
the present study was conducted as the first attempt to evaluate
the influence of dietary administered immunostimulant (fucoidan)
on the success of metamorphosis and vibriosis resistance of P.
japonicus zoea larvae.

The results for larval metamorphic survival achieved in the present
study are comparable with previous reports in shrimp larvae
reared with experimental diets under laboratory conditions [9, 1,
6], indicating that the dietary formulation containing fucoidan is
acceptable and not detrimental to the larval physiological process-
es. Relative to the control, significant enhancement of metamor-
phic survival from zoea - mysis is evident in groups receiving 500
mg / kg supplementation with higher supplementation level at
1000 mg/ kg provided no additional improvement in survival. This
suggests that supplementation level of 500 mg/kg is adequate to
enhance larval metamorphosis from zoea to the mysis stage.
Similar to the present findings, it was also documented that fu-
coidan administered by immersion accelerates the embryonic
development and increase the life span of developing sea urchin
embryos suggesting a cellular growth promoting activity of this
compound [12]. Morover, Itami et al., (1991) reported that dietary
supplementation of a vibrio bacterin as an immunostimulant im-
proved the survival of P. monodon larvae. Improved larval survival
was also reported in H. hippoglosus larvae immunostimulated by
feeding with artemia-bioencapsulated alginate [20] and by immer-
sion in A. salmonicida lipopolysaccharide. The present results
elucidating the enhancement of larval survival by fucoidan supple-
mentation is the first time to be documented in a penaeid shrimp
and concurs with these previous findings, emphasizing the bene-
fits of dietary immunostimulant in improving the larval metamor-
phic survival.

In juvenile shrimp, enhancement of growth performance and im-
provement of health conditions are commonly observed as posi-
tive benefits of immunostimulant supplementation [9, 22]. These
effects have been hypothesized as a consequence of enhanced
nutrient digestion and assimilation caused by the activation of
fixed hemocytes that secrete hydrolytic enzymes in the digestive
gland [2]. Moreover, immunostimulants including fucoidan are
known to enhance hematopoiesis in shrimp [25, 5]. Hemocyte
functions as a major organ for immunological defense, for wound
healing and for nutrient storage and transport. The improvement
of larval survival observed in the present study could be a result of
enhanced hemocytic activity similar to that observed in juvenile
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shrimp. Enhancement of metamorphic survival could also be at-
tributed to efficient utilization of cellular energy reserves. In rats, it
was shown that feeding with diet supplemented with Undaria pin-
natifida, (the source of fucoidan in this study) enhanced the utiliza-
tion of lipids caused by the activation of enzymes involved in lipid
metabolism [3, 17]. Similar effects on efficient utilization of energy
reserves resulting in improved health and biological performance
has also been reported in red sea bream fed diets supplemented
with Ascophylum nodusom and Undaria pinnatifida algal meals
[30].

Fucoidan has been known as a potent activator of cellular immune
response in terrestrial vertebrates [3]. Similarly, the current study
demonstrates that dietary fucoidan supplementation can also
enhance the resistance of shrimp zoea larvae against V. harveyi
infection. Survival percentage increased with increasing fucoidan
concentration in the diet. As compared to the control, higher sur-
vival is evident at 100 mg/kg supplementation with optimum ef-
fects noted at 500 mg/kg supplementation level. Previously it was
also reported that dietary fucoidan supplementation enhanced the
resistance of juvenile M. japonicus [25] and P. monodon [5]
against white spot syndrome virus infection. The authors attribut-
ed these protective effects to the enhancement of hemocyte phag-
ocytic activity and to the inhibition of viral adsorption to the host.
The present results provide additional evidence that dietary fu-
coidan supplementation could also promote larval resistance
against bacterial infection.

Although the larval immune physiology is not yet fully understood,
recent evidence suggests that shrimp larvae are capable of pro-
ducing antibacterial peptides in their hemocytes as a response to
the presence of infectious and immune stimulating agents. In
addition, it has been suggested that the mode by which fucoidan
enhances shrimp immune response is by the activation of a phag-
ocytosis activating protein, known to initiate and enhance hemo-
cyte phagocytic activity [5]. Although the hematological and immu-
nological response was not measured in this study, it is conceiva-
ble that the enhancement of survival after the challenge may have
been due to the activation of cellular immune response, similar to
that observe in juvenile shrimp.

Overall the present findings indicate that dietary fucoidan supple-
mentation at a dose of 500 mg/kg diet could improve the meta-
morphosis survival and enhance the resistance of zoea larvae
against pathogenic V. harveyi infection. Moreover, fucoidan sup-
plementation could be used as prophylactic means to improve
hatchery production of P. japonicus.
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