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Abstract
The immunostimulatory role of an orally administered yeast cell wall preparation from
Saccharomyces cerevisiae (NutrifermTM) was assessed in the Indian major carp, rohu (Labeo
rohita). Fish were fed a diet containing the preparation for 15 days and then returned to the con-
trol diet for 20 days. Non-specific immunity was assessed at the end of the experimental feed-
ing period (day 0) and on days 10 and 20. In vitro oxidative radical production, phagocytosis of
leukocytes, nitrite production, and proliferation of lymphocytes were determined. All four para-
meters remained stable in control fish but, in fish fed the supplemented diet, reached a peak on
day 10 and remained higher than in the control until day 20, indicating that ingestion of the diet
containing the yeast cell wall preparation for 15 days had significant immunostimulatory effects. 

Introduction
Immunostimulants play a significant role in
aquaculture health management strategies.
Immunostimulants include biological and syn-
thetic compounds that activate white blood
cells (leukocytes) and enhance non-specific
cellular and humoral defense mechanisms in
animals. Such agents are used to rectify
impaired immune function and stabilize the
improved status.

Fish treated with immunostimulants usual-
ly have enhanced phagocytic cell activity,
pathogen killing ability, and killing mecha-
nisms involving reactive oxygen species and
reactive nitrogen species in macrophages.
Lymphocytes are also activated by immuno-
stimulants.

The route of administration affects the
function of immunostimulants. Oral adminis-

*  Corresponding author. Tel.: +91-33-2497-0378, fax: +91-33-2557-1986, 
e-mail: sid_nj@indiatimes.com



176

tration is the most practical and preferred
method for delivery of immunostimulants
because it allows mass administration regard-
less of fish size and results in enhancement of
leukocyte function and protection against
infectious diseases. Injection, on the other
hand, is labor intensive and time consuming. 

The immunostimulatory effects of polysac-
charides and β-glucans have been widely
studied in fish. Yeast, which contains polysac-
charides and β-glucans, is a good enhancer of
the immune system. Intake of a yeast
(Saccharomyces cerevisiae) supplement
improved the cellular innate immune response
in trout (Siwicki et al., 1994) and gilthead
seabream (Ortuno et al., 2002) by increasing
the oxidative radical release and phagocytic
indices. However, reports on the immunostim-
ulatory effects of yeast cell wall extracts on
freshwater fishes of the Indian subcontinent
are meager.

As Indian carps are the backbone of fresh-
water aquaculture in India, the objective of the
present work was to study the effects of a
dietary administered yeast cell wall extract on
the cellular immune responses of the Indian
major carp, rohu (Labeo rohita).

Materials and Methods
Experimental fish. Rohu (Labeo rohita) was
used as a representative of the Indian major
carps. Fish were purchased from a local mar-
ket and maintained at the wet laboratory of the
Department of Fishery Pathology and
Microbiology at the West Bengal University of
Animal and Fishery Sciences. Rohu (45-60 g)
were maintained in circular 500-l fiberglass
tanks with 24-h aeration. About 75% of the
water was exchanged and waste feed and
fecal materials were removed daily. Basic
physico-chemical water parameters were
measured every 15 days to maintain optimal
levels of dissolved oxygen (5.65±0.72 mg/l),
pH (8.24±0.82), nitrite (0.015±0.009 mg/l),
and ammonia (0.109±0.024 mg/l). The water
temperature was 25-30°C. The fish were
acclimatized and fed a pelleted diet for three
weeks prior to the experiment. The diet was
prepared in our laboratory and fed at 1% of
the body weight of the fish. 

Immunostimulant. Nutriferm TM (AB Mauri)
was used as the immunostimulant. It is com-
posed of a purified cell wall fraction gained
from a pure culture of the yeast, Saccharo-
myces cerevisiae. Soluble parts were
removed by digestion and the remaining cell
wall fraction was purified and dried.

Feed preparation. The control diet con-
tained 40% fish meal, 35% ground nut oil
cake, 12% wheat flour, 10% rice polish, 2%
vitamins and minerals, and water. The exper-
imental diet contained the above plus 5 g of
yeast cell wall per kg feed. The feed was pel-
letized with a hand pelletizer in our laboratory
then dried at room temperature and stored at
4°C. 

Experimental design. Eighty fish were
stocked in eight tanks (4 control and 4 exper-
imental) at 10 fish per tank. Before the start of
the experiment, four control fish (one from
each tank) were randomly chosen and cellular
immune parameters were measured as
below. After acclimatization, the four experi-
mental tanks received the yeast-supplement-
ed diet once a day for 15 days and then the
control diet for another 20 days; the control
tanks received the control diet throughout.
Cellular activity was measured on days 0 (the
day after cessation of the experimental diet),
10, and 20 in four randomly chosen fish from
each treatment (one from each tank). 

Oxidative radical production by leuko-
cytes. Oxidative radical production of leuko-
cytes was assayed by the nitroblue tetrazoli-
um (NBT) reduction test as described by
Siwicki et al. (1985). Equal volumes (0.1 ml) of
blood and filtered NBT solution (0.2% in
phosphate buffered saline [PBS], pH 7.2 orig-
inal stock) was mixed and incubated for 30
min at room temperature. Then 0.05 ml of the
mixture was added to 1 ml N, N dimethylfor-
mamide. The suspension was centrifuged for
5 min at 3000 x g and the optical density of the
supernatant was assessed at 540 nm in a
spectrophotometer (Siwicki et al., 1998).

Phagocytosis. Phagocytosis was exam-
ined as described by Yoshida et al. (1993).
The number of cells was adjusted to 1 x 107

cells/ml in RPMI-1640 medium containing
10% fetal calf serum. One ml of cell suspen-
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sion was allowed to adhere to a cover slip for
1 h at room temperature and cells that did not
adhere were washed off with PBS. Cells from
a young culture of Staphylococcus sp. (108

cfu/ml PBS), obtained from the Department of
Fishery Pathology and Microbiology, were
added to the cover slip and the slips were
incubated 2 h at 28°C. The cells on the cover
slip were fixed with 95% methyl alcohol and
stained with Giemsa. The number of phago-
cytic cells per 200 cells was counted and
phagocytic activity (PA) was determined
according to Findlay and Mundaym (2000) as
PA = 100(no. phagocytosing cells/total no. of
phagocytes).

Isolation of head kidney leukocytes. Fish
were anesthetized by MS-222 and the head
kidney was aseptically removed, cut into small
pieces, minced to obtain cells, and pushed
through a stainless steel mesh with PBS (pH
7.4) containing 100 µg/ml streptomycin, 200
µg/ml gentamycin, and 100 IU/ml penicillin.
The cell suspension was layered onto
Histopaque® 1077 (Sigma, USA) at a ratio of
1:3 and centrifuged at 4°C for 30 min at 
400 x g (Chung and Secombes, 1988).
Following centrifugation, the white blood cell
interface layer was collected using a
micropipette, transferred to a clean sterile test
tube, and washed thrice with PBS. Viable
cells were counted by the trypan blue exclu-
sion method using a Neubauer counting
chamber (Maji et al., 2006).

In vitro production of reactive nitrogen.
The production of reactive nitrogen intermedi-
ates by leukocytes was assayed following the
method described by Tafalla and Novoa
(2000). This method is based on the Griess
reaction that quantifies the nitrite content of
macrophage supernatants, as nitric oxide is
an unstable molecule and degrades to nitrite
and nitrate (Green et al., 1982). The number
of head kidney leukocytes was adjusted to 2 x
106 viable cells/ml by diluting with RPMI-1640
growth medium containing 2 mM L-glutamine,
24 mM Hepes buffer, 100 IU/ml penicillin, 100
µg/ml streptomycin, and 10% V/V fetal calf
serum. Cell suspensions (100 µl/well) were
dispensed in a 96-well flat bottom tissue cul-
ture plate (Nune, Denmark). The final volume

of the wells was increased to 200 µl by adding
LPS (Sigma, USA) at a concentration of 10
µg/ml and the plate was incubated at 28°C for
96 h in 5% CO2 atmosphere. 

After incubation, 50 µl aliquots of super-
natants from the wells were removed, added
to100 µl of Griess reagent containing 1% sul-
fanilamide, 0.1% N-1 napthylethylene diamine
dihydrochloride, and 2.5% phosphoric acid,
and incubated at room temperature for 10
min. The optical density of the solution was
measured with a microplate reader (EClL,
India) at 570 nm and quantified by compari-
son to NaNO2 (Sigma, USA) as the standard
(Joardar et al., 2003).

Lymphocyte proliferation. The number of
head kidney leukocytes was adjusted to 5 x
105cells/ml in RPMI-1640 and 100 µl cell sus-
pensions were seeded into a 96-well tissue
culture plate (Nune, Denmark). Each control
(n = 4) and treated (n = 4) fish cell suspension
was repeated in triplicate. The final volume of
the wells was made up to 200 µl with
Concanavalin A (Con-A) at a concentration of
10 µg/ml and the plate was incubated at 28°C
for 48 h in a 5% CO2 atmosphere. 

The colorimetric 3-[4,5-dimethlythiazol-
2yl]-2,5-diphenyltetrazolium bromide (MTT)
assay described by Daly et al. (1995) was
used to determine the proliferation of head
kidney leukocytes. After 48 h culture, 20 µl of
MTT (5 mg/ml PBS) were added to each well
of the leukocyte culture and incubated at 28°C
for 4 h. Formazan production was determined
by the method of Plumb et al. (1989). The for-
mazan crystals were dissolved by adding 150
µl of DMSO (Sigma, USA) to each well, fol-
lowed by 25 µl glycine buffer (0.1 M glycine,
0.1 M NaCl, pH 10.5). The contents of the
wells were mixed thoroughly with a
micropipette and incubated at room tempera-
ture for 10 min. Formazan development was
read at 595 nm using a microplate reader
(ECIL, India) and a stimulation index (SI) was
calculated as SI = (mean optical density of
leukocyte wells with test mitogen at time
x/mean optical density of negative control
wells at time x) - 1.

Statistical analysis. Results are expressed
as means ± standard error (SE) and analyzed
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by one-way analysis of variance (ANOVA) to
test the significance of differences between the
control and experimental groups (Neumann et
al., 1995).

Results
Oxidative radical production of leukocytes
(Fig. 1), phagocytosis (Fig. 2), production of
reactive nitrogen (Fig. 3), and lymphocyte pro-
liferation (Fig. 4) were higher in treated fish on
day 0 than in the control. In treated fish, all
indicators peaked on day 10 and, except for
nitrite production, remained elevated until day
20. Values in the control fish on days 0, 10,
and 20 were similar to pre-experiment values
and, therefore, are not given in the figures. 

Discussion 
The in vitro production of reactive oxygen rad-
icals increased from day 0, peaked on day 10,
and gradually decreased to day 20, similar to
some earlier reports on other species.
Rainbow trout fed beta 1,3/1,6-yeast glucan
for one week had a higher oxidative burst than
control fish fed no glucan (Siwicki et al., 1994).
The number of glass-adherent NBT-positive
cells in catfish treated with oligosaccharide
peaked at 12 days, decreased slightly by 30
days, dropped to the baseline level by 45

days, and was greater than but did not signif-
icantly differ from the control (Yoshida et al.,
1995). In turbot fed beta 1,3/1,6-yeast glucan
for five weeks, the oxidative burst of head-kid-
ney macrophages was significantly enhanced
but the enhancement was no longer observed
two weeks after the fish returned to the control
diet (Ogier de Baulny et al., 1996). Also in tur-
bot, the influence of glucans on respiratory
burst activity of leukocytes and production of
O2- in all groups was higher on day 7 than on
days 14 and 21 (Santarem et al., 1997). In gilt-
head seabream, the respiratory burst activity
of head kidney leukocytes, measured as the
maximum slope of its kinetic, in fish fed a diet
supplemented by 10 g yeast per kg diet was
higher than that of fish fed any other diet after
seven weeks of feeding (Ortuno et al., 2002).
On the other hand, Verlhac et al. (1998)
obtained no statistically significant differences
in oxidative burst of head kidney phagocytes in
rainbow trout fed glucan. 

Phagocytosis is an important element of
the defense of fish against invading microor-
ganisms (MacArthur and Fletcher, 1985;
Olivier et al., 1986). Destruction of ingested
microorganisms might be due to degranula-
tion and metabolic activation when toxic inter-
mediates of oxygen are produced. In our
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Fig. 1. Superoxide anion production by leuko-
cytes of rohu (Labeo rohita) fed a yeast cell wall
preparation, determined by nitroblue tetrazolium
(NBT) reduction assay; means of four observa-
tions±SE, asterisk indicates significant difference
(p<0.01) from the control. Control did not vary
throughout experiment.

Fig. 2. In vitro phagocytic activity of head kidney
leukocytes of rohu (Labeo rohita) fed a yeast cell
wall preparation; means of four observations±SE,
asterisk indicates significant difference (p<0.01)
from the control. Control did not vary throughout
experiment.
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experiment, phagocytic activity increased
from day 0, peaked on day 10, and gradually
decreased to day 20. The phagocyte activa-
tion mechanism might be related to the S.
cerevisiae cell wall supplementation of the
feed, as was observed by earlier workers.
However, the dose and time of administration,
as with other animal models, varies from
experiment to experiment. Yano et al. (1989),
Chen and Ainsworth (1992), and Jorgensen et
al. (1993) reported that glucan raises phago-
cytosis. In an earlier study, oral administration
of 5 or 10 g yeast preparation from S. cere-
visiae per kg feed enhanced the phagocytic
function of gilthead seabream in week 4
although there was no significant difference
between doses (Ortuno et al., 2002). No sta-
tistically significant differences in phagocytic
parameters were observed in fish fed supple-
mented diets for 1 or 2 weeks compared to
fish fed a control diet (Ortuno et al., 2002). In
rainbow trout fed beta-1,3/1,6-glucan, phago-
cytic activity was higher than in control fish at
1 week (Siwicki et al., 1994). However,
Verlhac et al. (1998) reported no effect of glu-
can on the tested macrophage activities. 

Reactive nitrogen intermediates are
important molecules in regulating immune
functions and have a direct antimicrobial
effect (Liew et al., 1990; Schoor and Plumb,
1994). Wang et al. (1994) first demonstrated
that fish macrophages synthesize nitric oxide.
A macrophage activating factor secreted by
mitogen stimulated goldfish kidney leukocytes
induced nitric oxide production in both prima-
ry cultures and cell lines of goldfish macro-
phages (Wang et al., 1995). In the present
study, nitrite production of the head kidney
leukocytes was assessed in vitro. In all treat-
ed fish, nitrite production increased and
peaked on day 10. However, Novoa et al.
(2003) found that nitric oxide production in tur-
bot was not affected in vitro or in vivo by any
nisin treatment and Sakai et al. (1999) found
no evidence of activation of reactive nitrogen
species in macrophages of fish treated with
various immunostimulants.

Measurement of lymphoproliferation activ-
ity is required to evaluate stimulation of spe-
cific and non-specific mitogens. In the present
study, yeast cell wall supplementation signifi-
cantly enhanced the proliferative response of
head kidney leukocytes induced by the mito-
gen Con A. Treated fish possessed in vitro
lymphoproliferative ability up to day 20, with a
peak on day 10. Verlhac et al. (1998) found a
significant enhancing effect of dietary glucan
on the response of peripheral blood lympho-
cytes of rainbow trout induced by Con A just
after the experimental feeding (week 0) and
four weeks later but no significant variations in
the effect of dietary vitamin C on Con A-
induced proliferation of peripheral blood lym-
phocytes and no response to LPS. 

In conclusion, pelleted feed supplemented
with the yeast cell wall preparation, Nutri-
fermTM, enhanced in vitro production of reac-
tive oxygen and nitrogen, phagocytic activity,
and lymphocyte proliferation in the Indian
major carp, rohu. Bricknell and Dalmo (2005)
reported that administration of an immunos-
timulant may up-regulate the immune system
to a heightened level until the immunostimu-
lant is withdrawn, although continuous admin-
istration may cause adverse effects such as
tolerance or immunosuppression. Conversely,
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Fig. 3. In vitro nitrite (NO-2) production by head
kidney leukocytes of rohu (Labeo rohita) fed a yeast
cell wall preparation after 48, 72, and 96 h of incu-
bation; means of four observations±SE, single
asterisk indicates significant difference of p<0.01
from control, double asterisk indicates significant
difference of p<0.05. Control did not vary through-
out experiment.
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pulse administration of immunostimulants may
cause oscillations in the immune response
from rest to enhanced and back to rest. As
NutrifermTM administered orally for 15 days
resulted in a considerable immunomodulatary
effect on the rohu, this preparation together
with a pulse feeding strategy might be useful
as a disease control strategy for Indian carps.
A pulse-feeding strategy should be tested with
20-30 day intervals. 

Acknowledgement
The authors are thankful to the Vice
Chancellor of West Bengal University of
Animal and Fishery Sciences for providing
necessary research facilities. 

References
Bagni M., Finoia M.G., Marino G., Romano
N., Scapigliati G., Abelli L., Tiscar P.G. and
M. Sarti, 2005. Short and long-term effects of
a dietary yeast β-glucan (Macrogard) and
alginic acid (Ergosan) preparation on immune
response in seabass (Dicentrarchus labrax).
Fish Shellfish Immunol., 18:311-325.
Bricknell I. and R.A. Dalmo, 2005. The use

of immunostimulants in fish larval aquacul-
ture. Fish Shellfish Immunol., 19:457-472.
Chen D. and A.J. Ainswoth, 1992. Glucan
administration potentiates immune defense
mechanisms of channel catfish, Ictalurus
punctatus Refinesque. J. Fish Dis., 15:295-
304.
Chung S. and C.J. Secombes, 1988.
Analysis of events occurring within teleost
macrophages during the respiratory burst.
Comp. Biochem. Physiol., 89(B):539-544.
Daly J.G., Olivier G. and A.R. Moore, 1995.
A colorimetric assay for the quantification of
brook trout (Salvelinus fontinalis) lymphocyte
mitogenesis. Fish Shellfish Immunol., 5:266-
273.
Findlay V.L. and B.L. Mundaym, 2000. The
immunomodulatory effects of levamisole on
the salmon, Salmo salar L. J. Fish Dis., 23:
369-378.
Green L.C., Wagner D.A., Glogowski J.,
Skipper P.L., Wishnok J.S. and S.R.
Tannenbaum, 1982. Analysis of nitrate, nitrite
and [15N] nitrate in biological fluids. Anal.
Biochem., 126:131-138.
Joardar S.N., Ram G.C. and T.K. Goswami,
2003. Mycobacterium bovis AN5 antigens vary
in their ability to induce nitrite production in
blood monocytes of experimentally infected
cattle. Vet. Immunol. Immunopathol., 93:61-68. 
Jorgensen J.B., Sharp G.J.E., Secambes
C.J. and B. Robertsen, 1993. Effect of a
yeast cell wall glucan on the bactericidal activ-
ity of rainbow trout macrophages. Fish
Shellfish Immunol., 3:267-277.
Liew F.Y., Li Y. and S. Millot, 1990. Tumor
necrosis factor-α synergizes with IFN-γ in
mediating killing of Leishmania major through
the induction of nitric oxide. J. Immunol., 145:
4306-4310.
MacArthur J.I. and T.C. Fletcher, 1985.
Phagocytosis in fish. pp. 29-43. In: M.J.
Manning, M.F. Tatner (eds.). Fish Immunology.
Academic Press, NYC, USA. 
Maji S., Mali P. and S.N. Joardar, 2006.
Immunoreactive antigens of the outer mem-
brane protein of Aeromonas hydrophila, iso-
lated from goldfish, Carassius auratus (Linn.).
Fish Shellfish Immunol., 20(4):462-473.
Neumann N.F., Fagan D. and M. Belosevic,

Pal et al.

Fig. 4. In vitro lymphocyte proliferation assay of
head kidney leukocytes of rohu (Labeo rohita) fed a
yeast cell wall preparation; means of four observa-
tions±SE, asterisk indicates significant difference
(p<0.01) from the control. Control did not vary
throughout experiment.

Treated groupControl

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
Before Day 0 Day 10 Day 20

experiment

M
ea

n 
st

im
ul

at
io

n 
in

de
x 

at
 5

95
 n

m

*

*

*



1995. Macrophage activating factors secreted
by mitogen stimulated goldfish kidney leuko-
cytes synergize with bacterial lipopolysaccha-
ride to induce nitric oxide production in teleost
macrophages. Dev. Comp. Immunol., 19(6):
473-532.
Novoa B., Figueras A. and L. Villamil, 2003.
Immunomodulatory effect of nisin in turbot
(Scophthalmus maximus L.). Fish Shellfish
Immunol., 14:157-169.
Ogier de Baulny M., Quentel C., Fournier
V., Lamour F. and R. Le Gouvello, 1996.
Effect of long-term oral administration of β-
glucan as an immunostimulant or an adjuvant
on some non-specific parameters of immune
response of turbot Scophthalmus maximus.
Dis. Aquat. Org., 26:139-147.
Olivier G., Eaton C.A. and N. Campbell,
1986. Interaction between Aeromonas
salmonicida and peritoneal macrophages of
brook trout (Salvelinus fontinalis). Vet.
Immunol. Immunopathol., 12:223-234.
Ortuno J., Cuesta, A., Rodriguez A.,
Estaben M.A. and J. Meseguer, 2002. Oral
administration of yeast, Saccharomyces cere-
visiae, enhances the cellular innate immune
response of gilthead seabream (Sparus aura-
ta). Vet. Immunol. Immunopathol., 85:41-50.
Plumb J.A., Milroy R. and S.B. Kaye, 1989.
Effects of the pH dependence of 3-(4,5
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide-formazan absorption on chemosen-
sitivity determined by a novel tetrazolium-
based assay. Cancer Res., 49:4435-4440.
Sakai M., 1999. Current research status of fish
immunostimulants. Aquaculture, 172:63-92.
Santarem M., Novoa B. and A. Figueras,
1997. Effects of beta-glucans on the non-spe-
cific immune responses of turbot (Scophthal-
mus maximus L.). Fish Shellfish Immunol.,
7(6):429-437.
Schoor N.P. and J.A. Plumb, 1994.
Induction of nitric oxide synthase in channel
catfish Ictalurus punctatus by Edwardsiella
ictaluri. Dis. Aqua. Org., 19:153-155.
Selvaraj V., Sampath K. and V. Sekar, 2005.
Administration of yeast glucan enhances sur-
vival and some non-specific and specific
immune parameters in carp (Cyprinus carpio)
infected with Aeromonas hydrophila. Fish

Shellfish Immunol., 19:293-306.
Siwicki A.K., Studnicka M. and B. Ryka,
1985. Phagocytic ability of neutrophils in carp
(Cyprinus carpio). Bamidgeh, 37:123-128.
Siwicki A.K., Anderson D.P. and G.L.
Rumsey, 1994. Dietary intake of immunos-
timulants by rainbow trout affects non-specific
immunity and protection against furunculosis.
Vet. Immunol. Immunopathol., 41:125-139.
Siwicki A.K., Klein P., Kiczka W., Moranda
M. and M. Studnicka, 1998. Immunostimu-
latory effects of dimerized lysozyme (KLP-
602) on the non-specific defence mechanisms
and protection against furunculosis in
salmonids. Vet. Immunol. Immunopathol, 61:
369-378.
Tafalla C. and B. Novoa, 2000.
Requirements for nitric oxide production by
turbot (Scophthalmus maximus) head kidney
macrophages. Dev. Comp. Immunol., 24:623-
631.
Verlhac V., Obach A., Gabaudan J.,
Schuep W. and R. Hole, 1998.
Immunomodulation of dietary vitamin C and
glucan in rainbow trout (Oncorhynchus
mykiss). Fish Shellfish Immunol., 8:409-424.
Wang R., Neuman N.F. and M. Belosevic,
1994. Establishment and characteristics:
goldfish and rainbow trout macrophage cell
lines. Dev. Comp. Immunol., 18(Suppl.
1):S137.
Wang R., Neumann N.F., Belosevic M. and
Q. Shen, 1995. Establishment and character-
isation of a macrophage cell line from the
goldfish. Fish Shellfish Immunol., 5:329-346.
Yano T., Mangindaan R.E.P. and H.
Matsuyama, 1989. Enhancement of the resis-
tance of carp, Cyprinus carpio L., against bac-
terial infection. J. Fish Dis., 14:577-582.
Yoshida T., Sakai M., Kitao T., Khill S.M.,
Araki S., Saito R., Ineno T. and V. Inglis,
1993. Immunomodulatory effects of the fer-
mented products of chicken egg, EF203, on
rainbow trout, Oncorhynchus mykiss. Aqua-
culture, 109:207-214. 
Yoshida T., Kruger R. and V. Inglis, 1995.
Augmentation of non-specific protection in
Atlantic catfish, Clarius gariepinus (Burchell),
by the long-term oral administration of
immunostimulants. J. Fish Dis., 18:195-198.

181Immunostimulatory effects of a yeast cell wall feed supplement on carp


