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A B S T R A C T

The effect of Sodium Bentonite (SB) enriched diet on growth performance, innate immune response, and disease
resistance in stinging catfish, Heteropneustes fossilis against Aeromonas hydrophila is reported. The infected fish
fed with 5% SB had the maximum weight gain diet (PWG %) and specific growth rate (SGR %) were 26% and
29% when compared to 14% and 17% with 10% diet. Similarly the phagocytic activity increased significantly
when infected fish were fed with 5% or 10% SB diets during the experimental period; the complement, re-
spiratory burst and lysozyme activities were also significantly enhanced on weeks 2 and 4. The lower cumulative
mortality (10% and 15%) was observed when the infected fish were fed with 5% and 10% SB diets for 30 days.
The results suggest that the infected H. fossilis after administration of 5% and 10% SB enriched diets for 30 days
had significantly improved growth performance, innate immunity, and disease resistance against A. hydrophilla.
Hence, sodium bentonite can be used as a feed additive to stimulate immunity and for disease resistance in the
effective production of economically valuable freshwater catfish, H. fossilis.

1. Introduction

India is the second largest fish producer in the world contributing to
5.68% of global fish production fetching $4.67 Cr during 2013-14. The
total fish production is 9.58 million metric tonnes (MMT) with a con-
tribution of 6.14 MMT (7.3%) from inland sector and 3.44 MMT (3.7%)
from marine sector, respectively [1]. Disease outbreaks are one of the
significant causes for economic losses in aquaculture production and
trade in many countries. Global economic loss due to disease estimated
by the World Bank is to the tune of US$ 3000 million/year in 1997 [2];
in China the annual economic loss have been estimated as US$ 400
million (1993), followed by India (US$ 17.6 million) (1994) and
Thailand (US$ 500 million) (1996) due to fish diseases [3]. In various
states of India the economic loss due to fish diseases was estimated as:
US$150,000 in Bihar during 1990; in Orissa US$95,000 during 1989-
91; and in Kerala US$625,000 during 1991-92 [4].

Stinging catfish, Heteropneustes fossilis (Bloch) is an indigenous air-
breathing catfish widely distributed in South-East-Asia. It has a high
market value and consumer demand due to its delicious taste, medicinal
and nutritional values. Hence in India, H. fossilis culture has a gaining

momentum but various diseases inflict severe economic losses under
farming conditions [5]. H. fossilis has been affected by many pathogens
[6–8]. In this regard, a number of plant products and probiotics has
been used to maintain good health for sustainable production [9,10].
Bentonites are light weight white color clay composed of hydrated
aluminosilicate salts containing sodium (Na), potassium (K), calcium
(Ca), iron, magnesium, zinc, nickel [11,12] with high negative charge;
however it does not react with food/feed ingredients. It absorbs a large
number of organic or inorganic molecules, including polymers and
large complex ions which allow them to bind with the mycotoxins,
heavy metals, bacteria, and viruses. The sodium and calcium bentonite
are widely used as animal feed additives in many countries during the
last few decades. It is not only an effective binding agent but also an
adsorbent of pathogenic microorganisms, enzymes, and toxins and thus
improves the growth, feed conversion ratio, and health status in ani-
mals [11,13]. Bentonites are novel to aquaculture and only a few stu-
dies have focused on the effect of bentonites in fishes [14–16]. There-
fore, the present study was undertaken to investigate the effect of
sodium bentonites supplementation diet on growth performance, im-
munity, and disease resistance for the first time in H. fossilis against
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Aeromonas hydrophila infection.

2. Materials and methods

2.1. Diet

The control diet contained the protein sources such as fish meal,
soybean meal, wheat bran, and corn meal; the carbohydrate source as
cassava starch; lipid source as crude palm oil in addition with vitamin
and mineral premix (Table 1). The sodium bentonites (SB) (Pentagon
Chemicals, Chennai, Tamil Nadu) was incorporated into three experi-
mental diets at 1%, 5%, and 10% level by evenly mixing with the
control diet. The SB supplemented feeds desiccated in a vacuum freeze
drier for 15 h, ground, and extruded by passing through 5mm mesh
sieve were stored at −20 °C until used. The proximate composition of
the SB supplemented feeds was analyzed following AOAC [17].

2.2. Pathogen

A. hydrophila (MTCC 646) isolated from the infected fish was ob-
tained from the Institute of Microbial Technology (Chandigarh, India).
The pathogenicity of A. hydrophila was confirmed by injection of the
pathogen into healthy H. fossilis and subsequent reisolation according to
Krieg and Hold [18] and Yogananth et al. [19]. The pathogen was
grown in a 250ml conical flask containing tryptic soy broth (TSB;
Merck) to log phase with slight agitation at 37 °C. The bacterium cul-
ture was harvested by centrifugation at 3500× g for 20min at 4 °C and
collected for pellet. The bacterial pellets were washed twice with sterile
0.15M phosphate buffered saline (PBS) at pH 7.2 and resuspended
using PBS than divided into aliquots and stored in TSB medium sup-
plemented with 15% (v/v) glycerol at −70 °C until used. The char-
acteristics feature of the bacterium was confirmed by morphological,
pictorial, and biochemical studies [20] while the genus and species was

confirmed by PCR techniques [21].

2.3. Fish and experimental design

Healthy H. fossilis (41.5 ± 1.8 g) were obtained from a local com-
mercial fish farm and were rinsed immediately with 0.1% KMnO4 so-
lution to avoid infection upon arrival. The fish were acclimated for 15
days in dechlorinated tap water in 100 L aerated fiber tanks with proper
aeration. The fish were divided into five groups of 25 each in triplicate
(5×25 x 3= 375 fish) namely, (i) non-infected control group fed with
control diet (C), (ii) infected group, fed with control diet (I), (iii) in-
fected, fed with 1%, (iv) 5% diet, and (v) 10% SB enriched diets at the
rate of 5% of their body weight twice a day continued till the end of
experiment. Fish feeding after 30 days, all group except non-infected
control diet group were injected intraperitoneally (i.p.) with 100 μl PBS
containing A. hydrophila at a concentration of 3.3× 107 cfuml−1 as
determined by a Neubauer haemocytometer. At the end of weeks 1, 2,
and 4 post-injection of the bacterium, six fish were randomly collected
in each group for growth performance and collection of blood samples
for immunological studies after anaesthetizing with MS-222 (NaHCO3

and tricaine methane sulphonate; Sigma Chemicals) 1:4000 in de-
chlorinated water for 2min.

2.4. Growth performance

The growth parameters such as percentage weight gain (PWG),
specific growth rate (SGR), feed conversion ratio (FCR), and protein
efficiency ratio (PER) in each group were calculated according to
Olmedo Sanchez et al. [22]. The SGR calculated by: (Ln Final weight -
Ln Initial weight)/No of days in trial× 100; the FCR calculated by:
Feed given (dry weight)/Weight gain (wet weight), while PER calcu-
lated by: Wet weight gain by fish (g)/Protein intake (g).

2.5. Preparation of serum and head kidney macrophages

The blood samples was collected after overdose of anesthetic and
exsanguinated as mentioned previously by caudal vein puncture using
1ml syringe. The blood sample was allowed to clot for 2 h at 4 °C and
collect the blood serum. The blood serum samples were centrifuged at
3500 g separately for 25min at 4 °C and they kept at −70 °C until used.
The head kidney macrophages were isolated and prepared for analysis
of immunological assays according to Secombes [23].

2.6. Immunological assays

The phagocytic activity was analysis by the following method of
Anderson et al. [24]. The reactive oxygen species (ROS) production of
the intracellular respiratory burst activity was analysis by NBT method
of Ellis et al. [24] and the alternative complement activity was analysis
by using rabbit red blood cells (RBC; Oxoid) according to Yano [25].
The lysozyme activity was determined by turbidimetric assay according
to Ellis et al. [24].

2.7. Challenge study

On the 30th day of feeding, a group of 20 fish in each group sepa-
rately were injected with virulent A. hydrophila except non-infected
control group as mentioned the above dose and the mortality observed
for 30 days in each group. The tissue samples were collected in dead
fish for bacteriological study to confirm the cause of death due to A.
hydrophila. The cumulative mortality and the relative percent survival
(RPS) were calculated in each group according to Amend [26]. The
percentage of cumulative mortality was calculated by: Total mortality
in each group after bacterial injection/Total number of fish bacterial
injection for same treatment× 100 while the relative percent survival
(RPS) calculated by: 1 - (% of mortality in treated group)/(% of

Table 1
Sodium bentonites enriched diet formulation (% dry weight) for H.
fossilis.

Ingredient (g/100 g) Diet (%)

1% 5% 10%

Fish meal 7 7 7
Soybean meal 30 30 30
Wheat bran 10 10 10
Corn meal 39 35 30
Cassava starch 1 1 1
Crude palm oil 8 8 8
Mineral mixturea 1.5 1.5 1.5
Vitamin mixtureb 1.5 1.5 1.5
Phosphate dicalcium 1 1 1
Sodium bentonites 1 5 10
Total 100 100 100

Proximate analysis (Average)

Dry matter (% DM) 92.5
Crude protein (% DM) 23.8
Total fat (% DM) 12.4
Ash (% DM) 6.8
Crude fiber (% DM) 4.3

a Composition for 1 kg of premix: vitamin A, 1.750000 IU; vi-
tamin D3, 860000 IU; vitamin E, 24.000mg; vitamin B1, 4200mg;
vitamin B2, 5460mg; vitamin B6, 4300mg; vitamin B, 1337mg;
vitamin C, 155 000mg; Vitamin K, 4500mg; vitamin PP,
35 000mg; folic acid, 860mg; choline chloride, 230 000mg; pan-
tothenic acid, D-14 000mg.

b Composition for 1 kg of premix: cobalt 21mg, iron 17 000mg,
iodine 2100mg, copper 1500mg, zinc 62.000 mg, manganese
11000mg, selenium 40mg.
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mortality in control group)× 100.

2.8. Statistical analysis

The data obtaining from each group and expressed as the mean ±
standard error of mean (SEM) followed by one-way analysis of variance
(ANOVA) and Tukey's pairwise comparison test using SPSS (version 16
for windows). The differences were expressed statistically significant
when P < 0.05.

3. Results

3.1. Growth performance and feed utilization

The growth parameters of H. fossilis were determined in control and
infected treated groups (Table 2). The fish were active and healthy in
each diet group during the experimental period. Among the experi-
mental diets, the maximum PWG (%) and SGR (%) was observed in 5%
SB diet group (26% and 29%) as compared to 10% SB diet group (14%
and 17%). Similarly, the maximum FCR and PER was observed in 5%
SB diet group (0.59 ± 0.02 and 4.32 ± 0.02) when compared with
10% SB diet group (0.56 ± 0.02 and 3.12 ± 0.02).

3.2. Phagocytic activity

The phagocytic activity of H. fossilis head kidney leucocytes was
significantly enhanced in infected fish fed with 5% and 10% SB diets
during the experimental period. However, it did not significantly in-
crease at any time in 1% SB diet fed group as compared to control
(Fig. 1).

3.3. Complement activity

The complement activity of H. fossilis did not significantly increase
at any time in the infected fish fed with 1% SB diet as compared with
control. However, the complement activity was significantly enhanced
in the infected fish fed with 5% and 10% SB diets on weeks 2 and 4
(Fig. 2).

3.4. Respiratory burst activity

The respiratory burst activity of phagocytes did not significantly
enhance in any diet group on first week, except with 5% SB diet while it
was significantly improved with 5% and 10% SB diets on weeks 2 and 4
(Fig. 3).

3.5. Lysozyme activity

The lysozyme activity was significantly increased in the infected fish
fed with 5% and 10% SB diets on weeks 2 and 4 but not in 1% SB diet;
but it did not increase in any group on first week except 5% SB diet
(Fig. 4).

3.6. Disease resistance

The cumulative mortality was 10% and 89% of survival rate ob-
tained the infected fish fed with 5% SB diet. The cumulative mortality
was 20% and 15% in the infected fish fed with 1% and 10% SB diets as
compared with the infected fish fed with control diet group (85%)
(Fig. 5).

Table 2
Mean growth performance and feed utilization on the 30th day of H. fossilis fed diet enriched with sodium bentonites.

Parameters C I 1% 5% 10%

PWG (%) 10 5 12 26 14
SGR (%) 12 8 14 29 17
FCR 0.64 ± 0.02 0.91 ± 0.03 0.52 ± 0.02 0.59 ± 0.02 0.56 ± 0.02
PER 4.42 ± 0.04 2.22 ± 0.02 2.83 ± 0.04 4.32 ± 0.02 3.12 ± 0.02

PWG: percentage weight gain, SGR: specific growth rate, FCR: feed conversion ratio, and PER: protein efficiency ratio.

Fig. 1. Phagocytic activity (%) of H. fossilis (mean ± SEM, n= 6) fed diet enriched with
1%, 5%, and 10% SB diets against A. hydrophila. The asterisks denoted the significant
difference (P < 0.05) from the control.

Fig. 2. Complement activity of H. fossilis (mean ± SEM, n= 6) fed diet enriched with
1%, 5%, and 10% SB diets against A. hydrophila. The asterisks denoted the significant
difference (P < 0.05) from the control.

Fig. 3. Respiratory burst (RB) activity of H. fossilis (mean ± SEM, n= 6) fed diet en-
riched with 1%, 5%, and 10% SB diets against A. hydrophila. The asterisks denoted the
significant difference (P < 0.05) from the control.
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4. Discussion

Natural mineral clay has powerful adsorptive properties like at-
traction, binding, and accumulation of molecules or particles to a solid
surface and also has potent absorptive properties such as diffusive or
penetrative properties into a liquid or solid forming a transition zone or
layer; hence it is widely used as an additive to a number of cosmetics
and pharmaceutical formulations. Its broad spectrum antibacterial ef-
ficacy against aerobic and anaerobic Gram-negative and Gram-positive
bacterial pathogens has been well documented [27–29]. Different nat-
ural clay minerals have been widely used as feed supplement for ani-
mals and fish to enhance the growth [30–34]. The formulated diets for
fish should meet the requirements of nutrients to ensure optimum
growth rates, economic production, and check disease manifestation
[35]. In aquaculture, the application of natural mineral supplements is
more beneficial and serves as an ideal alternative to overcome the
drawbacks of traditional antibiotics and chemotherapy. The maximum
PWG (%) and SGR (%) was observed in the study in 5% SB diet group
(26% and 29%) as compared to 10% SB diet group (14% and 17%); the
maximum FCR and PER was observed in 5% SB diet group
(0.59 ± 0.02 and 4.32 ± 0.02) as compared with 10% SB diet group
(0.56 ± 0.02 and 3.12 ± 0.02. In the present study a pioneering at-
tempt was made to document the effect of diet enriched with sodium
betonite (SB) on growth, immune response, and disease resistance in H.
fossilis against A. hydrophila which was in previous studies in fish
against pathogens [36,37].

In teleosts the monocyte/macrophages, granulocytes and dendritic
cells constitute the phagocytes. Indeed phagocytosis is the front-line
defense of the immune system that facilitates the elimination of the

most pathogenic microorganisms through detection, recognition [38]
and also by oxygen radicals [39], engulfment or internalization of the
foreign particle, and fusion of phagosome with a lysosome [40]. Fur-
thermore it plays a vital role in innate immunity sharing important
functions towards adaptive immunity [41,42]. In the present study, the
phagocytic activity was significantly enhanced in infected fish after
being fed with 5% or 10% SB diets; the complement activity also was
significantly increased in the infected fish fed with 5% and 10% SB diets
after two weeks. Similar results have been reported in Oreochromis.
mossambicus, Channa striatus, and fresh water prawn Macrobrachium
rosenbergii fed with azomite, zeolite, and shilajit enriched diet against A.
hydrophila and A. invadans [36,37,43].

In the present study, the complement activity was significantly en-
hanced in the infected fish fed with 5% and 10% SB diets after two
weeks. This results was agreement in recent studies in O. mossambicus,
C. striatus, M. rosenbergii fed diet with azomite, zeolite, and shilajit
against pathogens [36,37,43]. In animals, the serum complement is an
important element of the innate immune defense against pathogens. It
consists of a group of plasma proteins that play an important critical
role in host defense mechanisms by interacting with components of
both the innate and adaptive immune systems both invertebrates and
vertebrates [44–46].

During respiratory bursts (RBs) fish phagocytes produce several
reactive oxygen species (ROS). Once bacteria or fungi are engulfed by
leucocytes, the host's NADPH-oxidase is activated, which in turn in-
creases oxygen consumption and subsequently produces ROS including
superoxide anions, hydrogen peroxide, hydroxyl radicals, and singlet
oxygen [47]. This release of superoxide anions is known as RB; its de-
rivates have bactericidal activity [48]. In the present study, the re-
spiratory burst activity was significantly elevated with 5% and 10% SB
diets after second week. A similar results was reported in other fish fed
with different mineral clay containing diets against pathogens
[36,37,43].

In most of animals, lysozyme is a bacteriolytic enzyme which is
widely distributed throughout the body constituting a significant part of
the nonspecific defense mechanism comprising especially monocytes/
macrophages and neutrophils. Lysozyme is a cationic enzyme that at-
tacks the β-1,4 glycosidic bond between N-acetylmuramic acid and N-
acetylglucosamine in the peptidoglycan of bacterial cell walls which
involves hydrolyzation of the peptidoglycan of bacterial cell walls re-
sulting in cell lysis triggering an opsonin of the complement system and
phagocytic cells [49]. This activity causes the lysozyme to lyse certain
Gram-positive as well as Gram-negative bacteria. In this study, the ly-
sozyme activity was found significantly increased when the infected
fish were fed with 5% and 10% SB diets after second week. This trend is
in agreement with O. mossambicus, C. striatus, M. rosenbergii fed with

Fig. 4. Lysozyme activity of H. fossilis (mean ± SEM, n= 6) fed diet enriched with 1%,
5%, and 10% SB diets against A. hydrophila. The asterisks denoted the significant dif-
ference (P < 0.05) from the control.

Fig. 5. Cumulative mortality (%) of H. fossilis (n=20) fed
diet enriched with 1%, 5%, and 10% SB diets against A.
hydrophila for 30 days.
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enriched diets against A. hydrophila and A. invadans [36,37,43].
Lysozymes are produced mainly in the macrophages in response to

microbial components (microbial lipopolysaccharide (LPS) or im-
munostimulants) [40]. In higher vertebrates, it is involved in a broad
spectrum defense mechanism embracing actions such as bacteriolysis,
opsonization, immune response potentiation, and restricted anti-viral
and anti-neoplastic activities [41,42]. In this study, the infected fish fed
with 5% SB diet has shown 10% cumulative mortality and 89% survival
rate. However, the infected fish fed with 1% and 10% SB diets has
shown 20% and 15% cumulative mortality. Recently similar results
have been reported in different fish fed with azomite, zeolite, and
shilajit containing diets against pathogens [36,37,43]. The present
study suggests that the infected H. fossilis fed with diet containing 5%
and 10% SB registered significantly enhanced growth, immunity, sur-
vival rate and disease resistance. Further studies on the mechanism of
action of SB are needed before the incorporation of SB for sustainable
aquaculture of H. fossilis.
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