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A B S T R A C T

Probiotics use in aquaculture has gained attention as microbial candidates to maintain the health and the well-
being of many aquaculture animals. Among the many microbial candidates, probiotic Bacillus has sporulation
capacity that makes them survive harsh environmental conditions, are non-pathogenic and non-toxic when fed
to fish, and can produce antimicrobial substances making them more suitable candidates compared to other
probiotics. In this review, we discussed the necessity of using the probiotic Bacillus in sustainable aquaculture as
a good alternative to improve feed utilization, stress response, immune response and disease resistance, main-
tenance of tissue integrity, and as well improvement of water quality for sustainable aquaculture. Therefore the
findings of current researches about the effects of Bacillus application to improve the culture of aquatic animals
for future research and development of Bacillus application in aquaculture have been summarised.

1. Introduction

The occurrence of diseases in aquaculture species as a result of high
stocking densities to meet the high demand of fish is a major blow to
the aquaculture industry [1]. Researchers are keen to finding lasting
environmentally friendly solutions to fish diseases where probiotics
emerged as a good alternative to antibiotics due to the shortfalls of
antibiotics such as changes in the microbiota of the aquaculture systems
resulting in bacterial resistance to frequently used antimicrobials which
in turn affects the natural beneficial bacteria flora [2–4]. As a result
various probiotics such as Arthrobacter, Bacillus, Enterococcus, Lactoba-
cillus, Lactococcus, Micrococcus, Pediococcus, Aeromonas, Burkholderia,
Enterobacter, Vibrio, Pseudomonas, Rhodopseudomonas, Roseobacter and
Shewanella have been discovered and used to enhance growth and im-
munity of aquaculture species over the years [5,6]. In Reda and Selim
[13], probiotics are used in aquaculture as safe additive to enhance the
health of the host by enhancing growth, providing nutrients, mod-
ulating microbial colonization, improving immune responses, im-
proving feed utilization, increasing digestive enzyme activities and di-
gestibility, improving water quality and controlling diseases.

Among the many probiotic species discovered, Bacillus species have
been proven to possess better probiotic properties attributable to their
ability to produce antimicrobial substances that are active against many
microbes and are non-pathogenic and non-toxic, together with their

sporulation capacity (i.e., which extend their period of effectiveness),
gives them double advantage in terms of survival (heat-tolerance and
longer shelf-life) in diverse environments compared to other probiotics
such as Lactobacillus spp. [2,7–10]. Bacillus species are documented to
enhance the digestive enzyme activity, antioxidant enzyme activity,
expression of immune related genes as well as stress related genes and
above all improving the ability of the fish to be resistant against pa-
thogenic microbes [5,10,11]. Bacillus species also enhances better feed
utilization in fish leading to better growth rate [11,12]. Therefore as
shown in Fig. 1, this review seeks to bring together data on the role of
Bacillus species in modulating digestive enzymes, antioxidant enzymes,
expression of immune, stress and other related genes, hepatic indexes,
disease resistance, feed utilization and growth as well as prospects of
Bacillus species in aquaculture.

2. Characteristics and morphology of Bacillus species

Shown in Fig. 2 are the characteristic of Bacillus species that makes
them suitable probiotic candidates for sustainable aquaculture.

Bacillus species are Gram-positive, chemoheterotrophic rod-shaped
bacteria which are usually motile by peritrichous flagella and has no
capsules; they are aerobic or facultative anaerobic and catalase positive
[14]. Bacillus produce spores which may be cylindrical, oval or round,
or kidney shaped and are more resistant to disinfectant, drying, and
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heat compared to their vegetative cells [15] thus remain viable for a
long period. There is one spore per cell and sporulation is not inhibited
by exposure to air.

On non-selective media, Bacillus spp. typically exhibit large, flat
colonies and are often beta-hemolytic. With few exceptions, the genius
Bacillus are catalase positive and aerobic which distinguishes them from
clostridia and sporolactobacillus [15]. Members of the Bacillus genus
are usually found in soil [16] and water [17]. Those used in aquaculture
are usually isolated from soil, and pond water, intestinal tract of fish,
and commercial sources [16–22].

Many Bacillus species are important because of their ability to
produce antibiotics/metabolites which have antagonistic effects against
pathogenic microorganisms [23,24]. They have been used in medicine
and pharmaceutical industry to control various diseases in human,
animals, and plants as a biological control agent owing to their ability
to synthesize a wide variety of metabolites with antimicrobial activity
[25,26]. They are inexpensive, non-pathogenic and non-toxic (though
not all) and more effective sources of antibiotics thus are desirable for
commercial production and have been used experimentally to control
pathogenic bacteria in fish over the years [1,7,8,14,23,27–29].

Like any other probiotics, Bacillus species possess characteristics
such as inhibition of pathogens by competing for adhesion sites with
pathogenic microbes to inhibit their growth as well as production of
antibiotics [30,31] and bacteriocins [32,33], inhibition of virulence
gene expression (quorum quenching) [34,35] and the production of
lytic enzymes such as proteases, chitinases, cellulases, and β-1,3-glu-
canases which lyse the cell wall of pathogenic microbes [32,36]. An-
other characteristic of Bacillus is the provision of nutrients and enzy-
matic digestion that enhances growth through the secretion of digestive
enzymes [6]. Bacillus species are also known for their

immunostimulatory effects and stimulation of beneficial gut microflora
thus enhancing the host's innate and adaptive immunity [6,37]. The
majority of Bacillus species used as probiotics in fish include B. subtilis,
B. licheniformis, B. pumilus and B. amyloliquefaciens [38].

3. Modulation of antioxidant enzymes by Bacillus species

Phagocytic process as well as cellular metabolism eventually results
in the production of reactive oxygen species (ROS), such as hydrogen
peroxide (H2O2), superoxide anion (O2−), and hydroxyl radical (·OH)
[29,39,40]. Oxidative stress occurs when oxidants such as ROS, ni-
trogen species (RNS), and lipid peroxidation (LPO) production, sur-
passes the antioxidant capacity of cells or tissues [41,42]. The damages
induced by these ROS are known to be counteracted by antioxidant
enzymes [43] hence antioxidants enzymes protect the host from oxi-
dative stress [29]. Antioxidant enzymes indicate the antioxidant status
of an aquatic organism and they reflect the oxidative anxiety [44]. The
common antioxidant enzymes found in fish are superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPx) [45]. For in-
stance SOD decomposes of O2− to H2O2 [46,47] while CAT catalyses
the dismutation of H2O2 into H2O and O2 [48].

As mentioned by Li et al. [49] and Hindu et al. [44], Bacillus species
as probiotics can produce antioxidant enzymes for example SOD and
glutathione to eliminate the free radicals effectively. Whether in the
serum or in the mucus, Bacillus are able to modulate antioxidant ac-
tivities. For example, B. licheniformis Dahb1 was mentioned to increase
the antioxidant response of Asian catfish Pangasius hypophthalmus [50]
and also in the serum and mucus of O. mossambicus [40]. Esteban et al.
[51], also discovered that the expressions of GPx and SOD in the mucus
of gilthead seabream Sparus aurata were up-regulated after dietary

Fig. 1. Influences of probiotic Bacillus on aquatic organism and environment.

Fig. 2. Characteristics of Bacillus species for the improvement of fish health and immunity as well as commercial feed production.
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supplementation of Shewanella putrefaciens and Bacillus species. The
antioxidant capability of gibel carp (Carassius auratus gibelio) [52] and
Nile tilapia [29] were enhanced after B. coagulans and B. subtilis and B.
licheniformis supplementation respectively.

4. Stress mitigation by the application of Bacillus species

Stress renders fish susceptible to diseases by modifying the innate
immune responses, which are important defense mechanisms [53] thus
stress is a factor that contributes to the high mortality and diseases in
aquaculture and fisheries stock enhancement [54]. Stress response oc-
curs at the cellular level in fish, which includes various heat shock
proteins (HSP), which have a defensive role in maintaining the he-
mostasis [54]. HSP play an important role in the survival and health of
stressed fish due to their increased levels in correspondence to exposure
to stressors [55]. Other indicators of stress are glucose and cortisol [56].
Various factors such as handling, vaccination, water quality, transport,
salinity, feeding, and high stocking densities as well as ammonia and
nitrite in aquaculture are stressors that affect the physiology and health
of fish [56–61].

Stressors are unavoidable in commercial fish farming and probiotics
have been reported to improve the stress tolerance of fish [62,63]. For
example in shrimps, Litopenaeus vannamei subjected to various chemi-
cals and environmental stressors, those treated with B. subtilis and B.
licheniformis were more resistant relative to the control [56]. Telli et al.
[64] reported that the inclusion B. subtilis in the diet of Nile tilapia
decreased the stress associated with high stocking density. Also low
mortality was recorded in striped catfish (P. hypophthalmus) subjected
to ammonia stress after B. amyloliquefaciens 54A, and B. pumilus 47B
diet supplementation [60]. An experiment by Eissa et al. [53] revealed
that mixed Bacillus species (B. subtilis, B. pumilus, Bacillus amyloliquefi-
ciens and B. licheniformis) improved yellow perch's stress tolerance to
hypoxia and air-exposure.

5. Bacillus species can prevent tissue damage

In recent times, aquatic systems have heavily suffered from the
accumulation of pollutants/toxicants which has raised the opinion that
these pollutants are the possible causes of liver enlargement and gall
syndrome disease in many cultured fish [65]. Aspartate transaminase
(AST) and alanine transaminase (ALT) are enzymes accountable for
some biochemical reactions of metabolism that interconvert amino
acids with other metabolic intermediates and increase in their amount
is suggestive of tissue damage e.g. chronic liver diseases [56,66]. As
stated by Wala et al. [67], AST and ALT are sensitive biomarkers used in
the diagnosis of hepatic damage since they are cytoplasmic in nature
and are released into circulation (blood) after cellular damage. In ver-
tebrates, AST exists in mitochondrial and cytoplasmic forms with the
highest level in heart, liver, muscle, and kidney tissues respectively
[56].

Analyzing the activities of AST and ALT can help detect tissue da-
mage caused by toxicants (i.e. within feed administered or in the en-
vironment) [65] thus they are enzymes that are of vital importance to
fishes. The role of Bacillus spp. in modulating AST and ALT in fish has
been elucidated. For example lower AST, ALT were recorded in fish fed
diet supplemented with probiotic B. licheniformis and B. subtilis [20]. In
shrimps, AST, ALT activities were significantly lower in groups treated
with B. subtilis and B. licheniformis compared with the control [56].
Similar observations were recorded in Nile tilapia fed with B. subtilis,
Bacillus megaterium, and B. licheniformis [68,69] and in Labeo rohita
treated with B. amyloliquefaciens CCF7 [70] indicating Bacillus to be
responsible for removing the toxic factors and improved liver functions
demonstrating their hepatoprotective potential. However there are very
few reports on their ability to ameliorate the emerging liver associated
problems in fish culture.

6. Bacillus species increases disease resistance in aquatic
organism

The most common causes of disease problems in aquaculture is
bacterial infections [71]. Among the bacterial pathogens, Streptococcus
agalactiae [72] and Aeromonas hydrophila [73] have been reported to
cause substantial economic losses in fish farms. The application of an-
tibiotics and chemotherapeutic to curb the situation of diseases caused
by pathogenic bacteria has resulted in the emergence of drug resistant
microorganisms, which has led to environmental hazards and food
safety issues [11,74]. Also treatment with vaccines are only effective
against specific pathogenic bacteria hence cannot be used as universal
control agent [75].

As a result, probiotics have been introduced as an alternative for
enhancing fish health and controlling diseases [76–80]. The proposed
mechanisms used by probiotics to improve the disease resistance of fish
include exclusion of pathogens by producing antimicrobial substances
and competing with pathogens for nutrients and space [11] as well as
causing up-regulation of the host's nonspecific or specific immune
system hence enhancing defence against pathogens [74].

A growing number of studies have dealt explicitly with the use of
Bacillus species in combating bacteria diseases in aquaculture.
Evidently, increased resistance have been recorded against S. iniae,
[11], A. hydrophila [75], Acinetobacter sp. and Acinetobacter tandoii [2]
and Aeromonas salmonicida, S. agalactiae, Lactococcus garvieae, and Vi-
brio parahemolyticus [38] after Bacillus diet supplementation. Further-
more, improved disease resistance through dietary B. subtilis adminis-
tration has been as well reported in various aquatic species such as
rainbow trout [81], tilapia [82], and white shrimp [83]. Therefore
Bacillus species have been successful in their role as substitutes for
antibiotics.

7. Bacillus species improve feed utilization and growth

Intensified aquaculture to meet the growing demand of fish has led
to increased stress, poor welfare and slow growth performance of
aquaculture species [84]. As a result, several chemicals and food sup-
plements have been used to improve growth and promote welfare of
cultured fish [85]. One paramount of such supplements is probiotics
used as simple and safe additive to improve growth of the host by
providing nutrients, increasing digestive enzyme activities hence en-
hancing feed utilization and digestibility [85–87]. Irianto and Austin
[88] also mentioned that probiotic bacteria contributes to growth of
fish by increasing appetite, the production of vitamins, increasing di-
gestive enzyme activity, breaking down indigestible components as well
as improvement of intestine morphology.

Literature has proven that Bacillus species as probiotics when ad-
ministered to fish, increase growth and feed utilization either in solitary
or in combination with other immunostimulants [89–91]. For instance
Gobi et al. [50] and Aly et al. [92] reported that B. licheniformis Dahb1
and B. pumilus significantly increased the growth of P. hypophthalmus
and Oreochromis niloticus. Furthermore when used as water additive, B.
coagulans B16 enhanced the growth of tilapia [93] hence most Bacillus
species are able to improve the growth of the host. An experiment
conducted by Elsabagh et al. [94] to assess the impact of mixture of
Bacillus strains (B. subtilis, B. licheniformis and Bacillus pumilus) on
growth performance and intestinal morphology of Nile tilapia, O. ni-
loticus showed a significant improvement in growth performance and
feed conversion ratio likewise B. subtilis and B. licheniformis combina-
tion [95], even though the ability of Bacillus to improve growth is dose
dependent. In combination with other immunostimulants such as Yar-
rowia lipolytica lipase 2 [96], Astragalus membranaceus, Angelica sinensis,
and Crataegus hupehensis [1], β-glucooligosaccharides [97], malic acid
[69] and mannanoligosaccharide [98] Bacillus species are able to en-
hance the growth of fish.

In relation to feed utilization, feeding tiger shrimp, Penaeus
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monodon with diet supplemented with Bacillus sp. DDKRC1 resulted in
better protein efficiency ratio, lower feed conversion ratio and fast
growth [99]. Same effect was observed in European seabass, Dicen-
trarchus labrax larvae and white shrimp L. vannamei after Bacillus
treatment [95,100].

The assessment of the presence of digestive enzymes and their level
of activity in fish is a relative indicator of the food acceptance, the
digestive capacity in relation to the type of feed offered, trophic niche
in natural conditions and feeding ecology of the fish [101,102]. Fish
growth as well as production cost in aquaculture is directly affected by
feed digestibility which can be enhanced by increasing the activity of
digestive enzymes [22]. It is further stated that the level of digestive
enzyme activity in fish is a relative sign of digestive capacity, food
utilization rate, and growth performance of the host [101]. Enzymes
produced by Bacillus are efficient at metabolizing a large range of lipids,
proteins, and carbohydrates and this is one of the reasons for their
choice as probiotics to improve digestive enzyme activities
[17,103,104].

Liu et al. [103] reported that B. subtilis E20 fed to shrimp improved
digestive protease activity which translated into excellent growth per-
formance. Evidently dietary administration of B. subtilis HAINUP40
significantly increased the enzyme activities in the digestive tract of O.
niloticus after 4 and 8 weeks [17]. B. subtilis ANSB060 also improved
digestive enzyme activities of hepatopancreas and intestines of Yellow
river carp [105]. The improvement in the digestive enzyme activities of
fish after Bacillus administration may be attributed to enzymes syn-
thesized by the bacteria or perhaps Bacillus are able to stimulate the
production of endogenous enzymes in the fish [106,107]. Typically,
protease, amylase, trypsin, and lipase are the major digestive enzymes
modulated by Bacillus species [106,108–110]. For example, B. subtilis
enhanced the digestive enzyme activity of grass carp, Yellow River
carp, white shrimp and tilapia, [17,105,107,111]. B. coagulans was also
reported to enhance the digestive enzymes activity freshwater prawn,
Macrobrachium rosenbergii [108]. Hamza et al. [110] also recorded
improvement in the digestive enzymes of sea bass, Dicentrarchus labrax
larva after feeding with Bacillus mojavensis. Bacillus clausii DE5 and
Bacillus pumilus SE5 improved intestinal digestive enzymes of grouper,
Epinephelus coioides [112]. Whether administered in solitary or in
combination with other probiotics and/or prebiotics, Bacillus species
are able to modulate the digestive enzymes of fish. A typical example is
the modulation of amylase in the digestive tract of sea bass after Vir-
gibacillus proomii and Bacillus mojavensis administration [110] and

intestinal protease of triangular bream Megalobrama terminalis after
feeding with fructooligosaccharide and Bacillus licheniformis [113].

8. Bacillus species enhances immune response in fish

Enhancement of host immunity is one important benefits of pro-
biotic diet supplementation [5]. As stated by Verschuere et al. [114],
probiotics can modulate innate immunity through the modulation of
humoral immune responses and expression of immune-related genes.

9. Humoral immunity

Serum immune parameters such as lysozyme, peroxidase, super-
oxide dismutase (SOD), protease and antiprotease, catalase (CAT) and
myeloperoxidase (MPO) have potent bactericidal activity against mi-
crobial infection [5]. An increase in the activities of the above men-
tioned immune parameters generally suggests an increase in immune
response in the host [115,116]. Modulation of these parameters after
probiotic Bacillus diet supplementation has been documented by many
researchers. As have been reported by Cha et al. [11] and Yi et al. [38],
dietary administration of Bacillus species enhanced both cellular and
humoral immune responses in fish which reflected in increased disease
resistance.

Mucus plays a vital role in the defence against infection since in-
fectious agents affect and initiate the process of infection in the mucus
[117]. Immune substances in fish mucus, contains lysozyme, almodulin,
complement, interferon, lectin, immunoglobulin, agglutinin C-reactive
protein, antimicrobial peptides, proteolytic enzymes, and vitellogenin
are the common molecules [118,119]. In comparison with serum, only
few researches have revealed the role of probiotics in modulating mu-
cosal immunity [120,121]. Nevertheless the little literature available
revealed that Bacillus species can enhance the mucosal immunity of fish
[77,120,122].

10. Gene expression

Shown in Fig. 3 are some genes found in previous reports to have
changed in expression following probiotic Bacillus feeding. Bacillus
species are reported to enhance the expression of genes related to in-
flammation, growth metabolism, digestion processes, cytoskeleton,
genes encoding proteins of junction complexes, antioxidant genes and
genes related to transport proteins [29,51,123–126]. Unlike the role of

Fig. 3. Molecular action of Bacillus in improving health of aquatic organisms.
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Bacillus in modulating growth, feed utilization, and digestive enzymes
activity, only few literature are available in relation to Bacillus and the
expression of the above mentioned genes [125].

A mix of Bacillus species was reported to reduce the severity of
cellular stress in Sea bream larvae by lowering the expression of HSP70
gene thus improving tolerance of the fish to rearing conditions [126].
Two strains of B. subtilis strains, L10 and G1 were also reported to in-
duce the expression of immune-related genes (prophenoloxidase
(proPO), peroxinectin (PE), lipopolysaccharide and β-1,3-glucan-
binding protein (LGBP) and serine protein (SP)) making white shrimp,
L. vannamei more resistant against V. harveyi [111]. Other evidences
exist such as the modulation of mucosal gene expression in gilthead Sea
bream [51], the expression of immune-related genes in the head kidney
of C. auratus [38], the expression of pro‐inflammatory cytokines (IL‐8
and IL‐1β), TLR5, and TGF‐β1 in intestine and head kidney of E. coioides
[127] and the expression of pro-inflammatory cytokines in the intestine
of Nile tilapia [128] after probiotic Bacillus administration.

11. Application of Bacillus species improves water quality

The wellbeing and growth of any organism is directly reliant on its
environment [129]. Optimal condition and the physico-chemical status
of the rearing water is an essential concern in aquaculture and most
infections may be as a result of poor water quality [130]. Extracellular
enzymes and antimicrobial peptides produced by Bacillus species not
only control pathogenic bacteria but also improve the rearing water
quality [130–134]. It is documented that the addition of probiotic
bacteria to the water or diet of fish can improve the water quality [135]
thus probiotic bacteria detoxify water making it suitable for culture
organisms [129,136].

The addition of B. subtilis (108 CFUml−1) directly to the rearing
water was reported to maintain the concentration of nitrite, ammonia,
and nitrate ions within the tolerable ranges for shrimp culture [130].
An experiment conducted by Nimrat et al. [132] revealed that the ad-
dition of Bacillus probiotics in diverse forms and methods of application
to shrimp larvae results in significant reduction of ammonia and nitrite
levels. Many researchers have reported the mineralization of ni-
trogenous wastes through nitrification and/or denitrification leading to
reduced ammonia and nitrite levels thus improving water quality by
Bacillus genera [137–143]. Nitrification as a result of the addition of
Bacillus probiotics discharges hydrogen ions which results in the re-
duction of pH [144]. Modulation of dissolved oxygen, ammonia, BOD,
TDS, COD, alkalinity and pH was recorded after B. megaterium treat-
ment but temperature and transparency were not affected [129]. Ba-
cillus are also useful in removing organic matter from culture systems
[145]. However Liu et al. [103] reported that B. subtilis E20 did not
improve water quality for shrimp culture. Regardless, the above doc-
umentations ascertain that Bacillus species can be used for bior-
emediation hence maintaining water quality leading to better growth of

aquaculture species. In Fig. 4 is a summary of the water purification
process by Bacillus species.

12. Conclusion and future perspectives

The role of probiotics, specifically Bacillus in aquaculture is over-
whelming. In this review, it is obvious that Bacillus have a great po-
tential in contributing to the continuity of farming of fish by main-
tanining the total welbeing of cultured fish ranging from enhancement
of growth, feed utillization, immune response, protection against dis-
eases infections especially againts bacterial infections as well as im-
provement of water quality. However, we suggest the following to help
improve research and the application of probiotic Bacillus in fish cul-
ture.

With the recent emergence of viral infections in tilapia resulting in
massive economic losses [146,147]; to our knowledge, there are no
reports on probiotic use in conferring protection against viral diseases
in cultured fish. Therefore, there is the need for researchers to further
elucidate the mechanism of action of probiotic Bacillus against viral
infection.

Also, we advocate for studies that are geared towards elucidating
the effects of probiotic Bacillus on; nutrient utilization and molecular
(gene expression) responses to help in understanding the mechanism of
action of Bacillus in preventing and controlling diseases.
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