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ect of an alkali insoluble glucan extracted from marine yeast isolate Candida sake
S165 was tested in Fenneropenaeus indicus. Post larvae (PL) of F. indicus, fed glucan incorporated diet at
varying concentrations (0.05, 0.1, 0.2, 0.3, 0.4 g glucan/100 g feed) for 21 days were challenged orally with
white spot syndrome virus (WSSV). Maximum survival was observed in PL fed the 0.2% glucan incorporated
diet. Subsequently the feed incorporated with 0.2% glucan was fed to F. indicus post larvae at different
feeding intervals, i.e. daily, once every two days, once every five days, once every seven days and once every
ten days. After 40 days, the prawns were challenged orally with WSSV and post challenge survival was
recorded. Shrimp feed containing 0.2% glucan when administered once every seven days gave maximum
survival. This was supported by haematological data obtained from adult F. indicus, i.e. total haemocyte count,
phenoloxidase activity and nitroblue tetrazolium reduction (NBT). The present observation confirms the
importance of dose and frequency of administration of immunostimulants in shrimp health management.

© 2008 Elsevier B.V. All rights reserved.
1. Introduction
Outbreaks of diseases are being increasingly recognized as a sig-
nificant constraint in aquaculture production. Among shrimp patho-
gens, white spot syndrome virus (WSSV) causes high mortality in
cultured shrimp species viz. Penaeus monodon, Fenneropenaeus
indicus, Marsupenaeus japonicus and Penaeus semisulcatus (Lightner,
1996; Lo et al., 1997). Polysaccharides from a variety of sources
enhance the immune system of animals and pharmacologically they
are known as biological response modifiers (BRMs) (Leung et al.,
2006). The most active of these compounds is (1–3)-β-D-glucan (Bhon
and Be Miller, 1995), a natural polymer isolated from the cell wall of
yeast and mold. β-glucans have been used as immunostimulants to
enhance the defence potential of fish and shellfish against bacterial or
viral infection (Oliver et al., 1986; Sung et al., 1994; Song et al., 1997;
Chang et al., 1999, 2000, 2003). Currently many commercial
immunostimulants are available in the shrimp aquaculture industry
and are extensively used by shrimp farmers. However, scientific
data in support of their function and dose/frequency of application
are lacking. Information regarding the dose is essential as overdose
leads to immunosuppression rendering less protection and animals
succumb to infection. In the present study, the immunostimulatory
effect of an alkali insoluble cell wall glucan preparation from a marine
ll rights reserved.
yeast isolate Candida sake S165 (Sajeevan et al., 2006) was tested in
F. indicus and the dose/frequency was optimised.
2. Materials and methods

2.1. Glucan extraction

C. sake S165, isolated from the coastal waters off Cochin and
maintained in the Microbiology Laboratory of the Department of
Marine Biology, Microbiology and Biochemistry, School of Marine
Sciences was used for the study. A pure lawn culture of C. sake was
prepared using Malt Extract Agar (malt extract, 20 g; mycological
peptone, 5 g; agar, 20 g; 20‰ seawater 1 L, pH 6) and the biomass
was harvested at exponential phase into sterile seawater (20‰). The
harvested cells were then separated by centrifugation at 7500 ×g for
10 min at 4 °C and dried at 80 °C for 24 h. Glucan was extracted from
the dried yeast biomass following the method of Williams et al. (1991)
withmodification. Briefly, 1 g dried yeast biomass suspended in 20 mL
3% NaOH was maintained at 100 °C for 6 h in a serological water bath.
Filtering through muslin silk and re-extracting with NaOH resulted in
separation of an alkali insoluble material. The insoluble material was
separated and extracted with 20 mL 0.5 N acetic acid at 75 °C for 6 h.
The insoluble material was recovered by filtration through muslin
silk and refluxed repeatedly with ethanol until the filtrate became
colourless. The remaining precipitate was washed extensively with
distilled water, vacuum dried over silica gel at 28±1 °C and the final
product (glucan) was used for the study.
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Fig. 1. Post challenge survival (on the 7th day) in F. indicus post larvae challengedwithWSSV
after feeding C. sake glucan-incorporated diet (a) different concentrations (b) at different
frequency intervals. Values with the same superscript do not differ significantly (Pb0.05).
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2.2. Test for immunostimulatory potential of yeast cell wall glucan
through oral administration

2.2.1. Experiment I: optimisation of dose
Glucan prepared from C. sake S165 was homogenised and coated

on to a standard shrimp diet using a commercial binder “BINDEX”
(Matrix Biosciences Ltd, Hyderabad). Five test feeds were prepared
with varying glucan concentrations, i.e. 0.05, 0.1, 0.2, 0.3 and 0.4 g
glucan/100 g feed. Feed without glucan was used as the control. All
preparations were stored at −20 °C until used.

2.2.1.1. Experimental design. F. indicuspost larvae, PL20 (PCR-negative
forWSSV) brought froma shrimphatchery located atKannamali, Cochin
and acclimatized to laboratory conditions for one week were used for
the study. Twenty five F. indicus post larvae were stocked in fibre
reinforced plastic tanks containing well aerated 15‰ seawater. Feeding
experimentswere done in triplicatewith experimental feeds alongwith
the control diet for a period of 21 days. Feeding was performed twice
daily (0800 and 1900 h) at a ration of 10–15% bodyweight.Water quality
parameters of the rearing water (salinity, NH3-N, NO2-N, NO3-N and
dissolved oxygen) were monitored regularly (APHA, 1995) and main-
tained at optimal levels by water exchange. The post larvae were
challenged with white spot syndrome virus (WSSV) by feeding WSSV
infected shrimp (F. indicus) tissue (1 g/25 post larvae) on the 22nd day.
The percentage survival of the post larvae in each of the experimental
groups was recorded up to the 7th day of challenge.

2.2.2. Experiment II: optimisation of frequency of administration of
glucan through feed

Based on experiment I, the 0.2% glucan diet was selected for further
study. Post larvae (PL 25) of F. indicus, (PCR-negative for WSSV) were
used for the study. Rearing conditions of larvae were maintained as in
experiment I. The post larvae were divided into six groups and each
group was fed the 0.2% glucan diet at different frequencies viz., daily
(G1), once every two days (G2), once every five days (G5), once every
seven days (G7) and once every ten days (G10). The control dietwas fed
on the rest of the days to all the treatment groups. After 40 days, all
treatment groups were challenged with WSSV via diet as described
in Section 2.2.1. The percentage survival of the animals in each of the
experimental groups was recorded up to the 7th day of challenge.

2.2.3. Experiment III: confirmation of optimal dose and frequency through
immune assay

Apparently healthy adult F. indicus (mean body weight 23±1 g)
were used for the study. The shrimp, after seven days quarantine, were
randomly divided into four groups of 60 shrimp per aquarium of 500 L
capacity and acclimatized to the laboratory conditions for one week.

Among the four groups, the first group was fed the basal diet
devoid of glucan and treated as the control. The other groups were
maintained on the 0.2% glucan diets at definite feeding intervals, i.e.
daily (G1); once every seven days (G7) and once every ten days (G10).
All test groups were fed the control diet for the remaining days.
Rearing conditions and water quality parameters were maintained as
per Section 2.2.1.1. On the 41st day, the shrimps were challenged with
white spot syndrome virus by feeding WSSV infected prawn tissue
at the rate of 1 g/shrimp. Afterwards they were maintained on their
respective experimental diets and the immune parameters were
assayed at definite intervals. The post challenge survival percentage in
each experimental group was also recorded for a period of seven days.

2.3. Assay of immunological parameters

Haemolymph was withdrawn aseptically from the rostral
sinus using specially designed sterile capillary tubes having a
diameter of 0.5 mm, pre-rinsed with anticoagulant (0.01 M Tris HCl,
0.25 M sucrose, 0.1 M trisodium citrate, prepared in double distilled
water, autoclaved and adjusted to pH 7.6; Song and Hsieh, 1994)
and transferred to a sterile microcentrifuge tube containing cooled
anticoagulant. The haemolymph collected from four shrimp (n=4)
of each group was assayed separately. Sampling was done at the
beginning of the feeding experiment, day 0 (base line), day 40, and
post-challenge day 1 (PCD1), 2 (PCD2) and 3 (PCD3). Total haemocyte
count (THC) was made using a Neubauer improved haemocytometer
and expressed as THC mL−1 haemolymph. Phenoloxidase (PO) activity
was measured spectrophotometrically by using L-3,4-dihydroxyphe-
nylalanine (L-DOPA) as the substrate (Soderhall, 1981). The dopa-
chrome formed was measured at 495 nm and phenoloxidase activity
was then expressed as the increase in absorbance per min per 100 µL
haemolymph. Respiratory burst activity of haemocytes was measured
spectrophotometrically (Song and Hsieh, 1994) using nitroblue
tetrazolium (NBT) as the substrate. The blue formazan formed due
to O2

− reduction during phagocytosis of haemocytes was measured at
620 nm and expressed as NBT activity per 100 µL haemolymph.

2.4. Statistical analysis

In order to determine significant difference, the results were
analyzed using one way analysis of variance (ANOVA) and Duncan's
multiple comparison of the means using SPSS 10.0 for Windows.
Differences were considered significant at Pb0.05.

3. Results and discussion

The alkali extraction of particulate glucan from the cell wall of the
marine yeast C. sake S165 was found to give a yield of 12.3% of the dry
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weight of the yeast biomass. After feeding the glucan containing
diets, a glucan content of 0.2% was judged optimal based on the
highest protection against WSSV during experimental infection. Post
Fig. 2. The immunological profile of F. indicus fed diets containing glucan at different fr
(b) phenoloxidase (PO) value and (c) NBT value. Data at the same exposure timewith differen
every seven days, and G10 = glucan feed once every ten days. PCD = Post-challenge day.
challenge survival against WSSV on the 7th day with the 0.2% glucan
(54.17±3.62%) feed was found to be significantly different from the
other treated groups including the control (4.74±0.99%). Both the
equencies for 40 days and then challenged with WSSV. (a) Total haemocyte count,
t letters are significantly different (Pb0.05). G1 = glucan feed daily, G7 = glucan feed once



Fig. 3. Mean (±S.D.) post challenge survival of F. indicus fed glucan diets at different frequencies for 40 days against experimental infection of WSSV. Data at the same exposure time
with different letters are significantly different (Pb0.05).
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higher (0.3 and 0.4%) and lower (0.05 and 0.1%) glucan diets offered
less protection to the animals (Fig. 1a), but significantly higher than
the control group.

Post larvae, which were fed the glucan diet once every seven
days (G7) showed higher (Pb0.05) survival (35±10%) against WSSV
challenge compared to the other groups and the control (10.67±1.47%)
(Fig. 1b). The immunological profile of the prawns in all treatment
groups showed an increasing trend just after challenge. The highest
THC, PO and NBT values were observed on PCD3 (Fig. 2a–c). The
shrimps fed 0.2% glucan at a feeding frequency of once every seven
days showed significantly higher immune response compared to the
control and other treatment groups (Pb0.05). This was supported by
the better post challenge survival observed in this group (Fig. 3). These
observations emphasize the importance of dose/frequency of applica-
tion of immunostimulants in shrimp farming for imparting protection
against pathogens.

The reduced immunity index in daily glucan fed shrimp (G1) could
be due to an overdose of glucan by this group. Continuous intake of
the glucan diet for a period of 40 days might have caused an immune
fatigue in this group. Shrimp fed the glucan diet once every ten
days (G10) showed a low immune profile and survival upon WSSV
challenge. This might be due to a suboptimal level of glucan received
by this group.

Unlike many chemotherapeutics, immunostimulants do not show
a linear dose–effect relationship (Bliznakov and Adler, 1972). In fact
they often show a distinct maximum at a certain intermediate con-
centration and even a complete absence of effect or an adverse toxic
effect at higher concentrations (Floch et al., 1987). It presumes that
higher concentrations of glucan caused excessive degranulation of
both granular and semigranular haemocytes resulting in the release
of prophenoloxidase and an exhaustion of immune system. A higher
dose of glucan in feed for longer period may result in immunosup-
pression and it is more likely that such animals may not survive
infection by potent pathogens and succumb to death following an
infection. Host homeostasis seems to be impaired due to high con-
centrations of glucan, a condition very similar to an acute infection
by a pathogen leading to the reduction in circulating haemocytes. In
such situations the mechanism to restore the haemocyte number
is mobilizing the haemocytes from the reservoirs in haemal crypts
or upregulation of cell division in the haematopoietic tissue and
proliferation within the haemolymph (Ghiretti-Magaldi et al., 1977;
Hose et al., 1992). Soderhall et al. (2003) reported that injection
of β1,3-glucan into the haemocoel of a crustacean resulted in an
accelerated maturation of haemocyte precursors in the haematopoie-
tic tissue followed by release of new cells into the circulation.
However, it is not clear to what extent the new cells produced in this
way are immunologically mature or competent and how long it will
take for the complete restoration of immune equilibrium (Smith et al.,
2003). Chang et al. (2000) reported a reduced immunity in P. monodon
after continuous feeding of glucan at a concentration of 2 g kg−1

feed for 40 days. These results suggest that continuous use of immu-
nostimulants even at an optimal dose may suppress the immunity
in shrimp and administration at definite intervals would give better
performance resulting in enhanced survival. The low survival of
shrimp at higher concentrations of glucan also could be attributed to
the continuous overproduction of superoxide anions and free radicals
generated from the respiratory burst activity of the phagocytic
haemocytes, causing non-specific host injury. Our earlier study with
a marine yeast diet as an immunostimulant in F. indicus showed that a
10% yeast diet was optimal whereas, higher doses resulted in a lower
immune profile and post challenge survival (Sajeevan et al., 2006).

The short lived nature of protection, lack of linear dose–effect
relationship and lack of immune memory make the regimes of
immunostimulant application in crustaceans complicated. The pre-
sent observations highlight the importance of the rational use
of immunostimulants in shrimp culture. Indiscriminate use of an
immunostimulant without knowing the optimum dose and frequency
could never be an effective management strategy. Furthermore, such
prophylactic measures may result in impaired immunity in animals
and in the event of an infection, they may easily succumb to death.
This study emphasizes the fact that the dose and frequency of
application of immunostimulants in shrimp aquaculture should be
standardised and validated before commercialisation to achieve
optimum stimulation of the immune system and to avoid immune
fatigue due to overdose. In the present study, even though the glucan
incorporated diet did not provide total protection for F. indicus against
WSSV, the partial protection would help the aquaculture industry to
plan for a prior harvest and to save the crop from mass mortality.
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