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A b s t r a c t

Bacteria play an extremely important role in the digestive processes occurring in the 
digestive tract of all vertebrates. A disturbance of microbial balance may lead to disorders in 
digestive processes. Due to the high demand for fish from aquaculture, many studies have 
focused on the microbiome of the digestive tract in these animals, especially synbiotic 
Lactobacillus bacteria, which play an extremely important and beneficial role in digestive 
processes. Research conducted in recent years has shown that many factors influence the 
microflora in fish, such as the surrounding environment, oxygenation, water temperature, food 
intake, antibiotics, chromium oxide, linoleic acid, and finally the development stage of the fish. 
The authors of the publication provide an overview of the current knowledge on the 
gastrointestinal microflora of Cyprinidae and its effect on their digestive processes. In this 
context information on the probiotic therapy in Cyprinidae was also presented. 

Introduction

In terms of their taxonomic diversity fish constitute the greatest group 
among all the vertebrates found on Earth (Nayak 2010, Ray et al. 2012). 
They inhabit both small freshwater watercourses and vast saltwater 
oceans. They have adapted to life under diverse environmental conditions, 
which affect the composition of their bacterial microflora, both external 
and internal. The microbiome in fish may be divided into autochthonous 
and allochthonous (RiNgø and BiRkBeck 1999, SyvokieNi 1989). The for-
mer is a natural, endogenous element, while the latter is exogenous in 
character. In these vertebrates aerobic bacteria predominate along with 
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facultative anaerobic bacteria (ghoSt et al. 2002). The bacterial count in 
the digestive tract of fish is estimated at approx.108 aerobes and 105 anaer-
obes per 1 gram (tRuSt and SpaRRow 1974, kamei et al. 1985). The vari-
ation in the quantitative composition of the bacterial population in the 
surrounding environment exceeds that of the bacteria found in the diges-
tive tract of fish (clemeNtS et al. 2014). The common bacterial species 
colonizing the digestive tract of both freshwater and marine fish include 
Vibrio, Aeromonas, Flavobacterium, Plesiomonas, Pseudomonas, Entero-
bacteriaceae, Micrococcus, Acinetobacter, Clostridium, Fusarium and Bac-
teroides, which occurrence may differ depending on the species as well as 
environmental conditions. Moreover, several previously unknown bacte-
ria, i.e. Mycoplasma, Arthrobacter, Brochothrix, Jeotgailbacillus, Ochro-
bactrum, Psychrobacter and Sejongia, have been identified in the digestive 
tract of various fish species (Nayak 1997).

Aeromonas, Pseudomonas as well as Flavobacterium are dominant 
bacteria in freshwater fish species. However, feeds have a crucial effect on 
the composition of the intestinal microbiome (BaiRagi et al. 2002, Savaş et 
al. 2005). In the case of farmed fish Enterobacteriaceae account for approx. 
50% bacterial population in their alimentary canal, which is directly 
related with the feeds used in fish farming, while in the case of species 
living in natural water bodies bacteria from genera Aeromonas and Lacto-
bacillus predominate in their microflora (gaNguly et al. 2013). Recent 
research indicates that percentage shares of individual bacteria in the spe-
cies composition depends on the position of the fish in individual trophic 
classes. In the case of herbivorous fish Proteobacteria account for 45.52%, 
while in predatory, omnivorous and planktivorous fish they constitute 
32.82%, 37.32% and 38.13%, respectively. Bacteria Firmicutes rank sec-
ond in terms of their numbers, with their shares in these groups of fish 
ranging from 21.16% to 27.13%. For example, in predatory fish bacteria 
from the genus Fusobacterium account for a considerable share 21.91% in 
the bacterial population, in comparison to 9.41% in planktivorous fish.  
An opposite situation is observed in the case of Acidobacteria, accounting 
for 5.21% bacterial population in planktivorous fish, whereas in predatory 
fish it is only 1.08%. The shares of the other taxonomic groups are smaller 
(liu et al. 2016). In the case of cyprinids Firmicutes and Bacterioides are 
dominant, while when consider the quantitative composition of bacteria 
Proteobacterie and Firmicutes are most numerous. Abundance of Bacteri-
oides is relatively limited (wu et al. 2012).

Cyprinids are dominant fish in Polish aquaculture. The most numer-
ous representatives of that family in fish farming is the common carp 
(Cyprinus carpio). Production of common carp for human consumption in 
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2016 in Poland was 18.55 thousand tons, which constituted 49% fish farm-
ing production in this country (liRSki and mySzkowSki 2017). The other 
cyprinid species raised in Poland include the grass carp (Ctenopharyn-
godon idella), the crucian carp (Carassius carassius), the silver crucian 
carp (Carassius gibelio), the tench (Tinca tinca) as well as two planktivo-
rous species: the bighead carp (Hypophthalmichthys nobilis) and the silver 
carp (Hypophthalmichthys molitrix).

Functions of intestinal microflora in fish

An appropriate composition of the intestinal microflora plays numer-
ous roles required for the physiological function of the entire organism. 
This microflora produces antibiotics against pathogenic bacterial strains 
constantly penetrating the animal’s body from the external environment. 
It participates in the host’s digestive processes and supplies the host with 
active nutrients, such as digestive enzymes, vitamins and amino acids 
(ShcheRBiNa and kazlawleNe 1971). It needs to be stressed here that in 
herbivorous fish the degradation of crude fibre, i.e. practically cellulose, 
takes place, among others, with the participation of aerobic bacteria or 
facultative anaerobic bacteria (Savaş 2005). However, not all fish (Caras-
sius auratus, C. idella) predominantly utilize cellulolytic bacteria to 
degrade crude fibre (gaNgadhaRa et al. 2004). Apart from microbial 
enzymes fish also have endogenous enzymes at their disposal. These 
enzymes have been described by numerous authors (dhage 1968, kawai 
1972, ShcheRBiNa et al. 1976, FagBeNRo 1990, daS and tRipathi 1991, 
FagBeNRo et al. 2000). A good example in this respect may be provided by 
α-amylase, produced practically over the entire length of the intestinal 
section of fish both endogenously and by intestinal microflora (FagBeNRo 
et al. 2000, teNgjaRoeNkul et al. 2000, alaRcóN et al. 2001, FeRNaNdez 
et al. 2001). Thanks to the colonization rate of the digestive tract by enzy-
matically active intestinal bacteria, certain fish species digest some nutri-
ents more readily than even closely related other fish species. Conducted 
studies have shown that intestinal bacteria are capable of producing vari-
ous bioactive substances such as tetrodotoxin, vitamin B12, biotin, eicos-
apentaenoic acid or antibiotics, which through their action exert a positive 
effect on the host’s organism (gaNguly and pRaSad 2012). Studies have 
shown that in common carps bacteria from the genera Firmicutes and Bac-
terioides promote a more rapid growth rate thanks to improved feed diges-
tion and nutrient absorption (li et al. 2013).
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Gut microbiota and digestive processes in cyprinids

The microbiome of the digestive tract is not identical in all fish species. 
Differences are observed between various species from the family Cyprin-
idae or even individual representatives of a given species. A considerable 
variation is found in cellulose degrading microorganisms. The silver cru-
cian carp (Carassius auratus gibelio) does not have its autochthonous cel-
lulolytic microflora. In turn, the cellulolytic microbiota content in the grass 
carp is below 103 b.b./g (leSel et al. 1986). Its nutrition is based on the 
consumption of large amounts of aquatic biomass and recovery of disac-
charides and protein from that biomass (gaNgadhaRa et al. 2004). In con-
trast, the cellulolytic activity of the intestinal microbiota in the common 
carp is high (BaiRagi et al. 2002). Two theories have been proposed on the 
origin of cellulase. One refers to the participation of the endosymbiotic 
flora in the production of this enzyme. This hypothesis is supported by the 
inhibition of cellulase secretion after fish have been administered antibiot-
ics (Saha et al. 2006). Common carps are capable of endogenous produc-
tion of cellulase by the autochthonous microflora (ShcheRBiNa and 
kazlawleNe 1971). This process takes place in the proximal section of the 
gut, where a portion of crude fibre is digested. The rest of this nutrient is 
digested in the distal sections of the intestines. In view of cellulose diges-
tion, the diet of herbivorous cyprinids has to contain crude fibre (daS and 
tRipathi 1991). Another theory proposes that fish collect cellulolytic flora 
with the consumed plant food. Conducted studies have shown a positive 
correlation between the amount of cellulase and the consumed food (pRejS 
and BłaSzczyk 1997). Those authors confirmed that bacteria subsequently 
found in digestive tracts of fish were isolated on aquatic plants. These bac-
teria exhibited cellulolytic activity. Cellulase seems to be of both exoge-
nous and endogenous origin. This would explain digestion of cellulose by 
certain fish species, having no autochthonous cellulolytic microflora, e.g. 
the above-mentioned C. auratus, or those having small amounts of this 
microflora, e.g. the grass carp. In the case of cellulase producers in com-
mon carps the most important bacteria included strains from the genera 
Vibrio spp., Aeromonas spp. and Bacillus spp. as well as the species Bacil-
lus megaterium and Enterobacter asburiae (FeNg et al. 2008). The most 
specific as well as the most numerously represented cellulolytic bacteria 
found in the digestive tract of the grass carp included Anoxybacillus, Leu-
conostoc, Clostridium, Actinomyces and Citrobacter (wu et al. 2012). The 
greatest cellulolytic activity is observed for such species as Bacillus circu-
lans or B. megaterium. However, the composition of the cellulolytic micro-
biota varies both between individual fish specimens and depending on the 
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feed it consumes (koike and koBayaShi 2001). Starch is a major nutrient 
for freshwater fish, including also cyprinids (takeuchi 1991). It is 
degraded by amylase, an enzyme abundant in the digestive tract of cypri-
nids (Sugita et al. 1997). Similarly, as in the case of cellulase, amylase 
activity depends mainly on the environmental conditions and feed quality. 
It also varies in individual fish species (Silva et al. 1995). A considerable 
role in the production of both amylase as well as other enzymes is played 
by bacterial colonies inhabiting the gut (gaNguly and pRaSad 2012). 
However, it also needs to be stressed that fish utilize sugars ingested with 
food only to a relatively limited extent. Availability of certain types of car-
bohydrates for fish may be limited (FuRuichi and yoNe 1982). In the com-
mon carp an increased α-amylase activity is observed when administering 
diets rich in carbohydrates (al-tameemi et al. 2010). For this reason, in 
the case of fish from aquaculture it is necessary to include animal origin 
feeds into their diet, e.g. fish meal (daS and tRipathi 1991). There is no 
consensus among researchers concerning factors having a major effect on 
the activity of individual enzymes. On the one hand it was stated that 
α-amylase activity is closely related with the phylogenesis and plays  
a markedly greater role than diet (chaN et al. 2004). In contrast, other 
researchers concluded that diet has a much greater role in the modifica-
tion of enzyme activity (FeRNaNdez et al. 2001). However, the latest stud-
ies confirm that diet has a more important effect on enzymes (kuz’miNa 
1996, hoopeR and macpheRSoN 2010). The activity of α-amylase is great-
est in herbivorous fish. Its level decreases in omnivorous fish, while it is 
lowest in predatory fish (cowey 1989, geRmaN et al. 2004, geRmaN et al. 
2009, al-tameemi et al. 2010). It depends on their nutrition (geRmaN  
et al. 2009). Amylolytic bacterial populations are mainly composed of 
Bacillus spp. Amylolytic bacteria composed of Bacillus spp. predominate 
in the digestive tract of the common carp and the grass carp (SaSha et al. 
2006, gaNguly and pRaSad 2012). In 2002 three species from the genus 
Bacillus were isolated from the digestive tract of the common carp and 
they were classified as, Bacillus pumilus and Bacillus cereus, B. circulans. 
Also B. megaterium has a amylolytic activity (SaSha et al. 2006). These 
microorganisms are characterized by an extensive adaptability to changes 
in temperature and pH (ghoSh et al. 2002). Studies show that they are  
a permanent element in the digestive tract of common carps. They may be 
classified as autochthonous flora. They play an advantageous role in the 
digestive processes in common carps (ghoSh et al. 2010). Studies have 
shown the degradation of bacteriocenosis over the length of the gut. Strains 
of autochthonous bacteria were isolated from the proximal (PI) and the 
distal sections (DI) of the intestines in three cyprinid species: Catla catla, 
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Cirrhinus mrigala and Labeo rohita. The populations of amylolytic strains 
were the most numerous in PI of C. catla and the least numerous in DI  
of L. rohita. The greatest viable populations of bacteria producing cellu-
lase and protease were recorded in DI and PI, respectively, of C. mrigala. 
More active cellulase producing bacterial strains were isolated from distal 
sections of the gut (Ray et al. 2010). The certain cyprinids are charac- 
terized by a relatively high activity of this enzyme. Such an example is 
Labeo bata, a species belonging to the family Cyprinidae. In this case, 
exogenous amylase activity is greater in proximal sections of the intestine 
(moNdal et al. 2008). It is an opposite situation to that in cellulase, which 
generally is exogenously found in the distal sections of the gut. Proteases in 
common carp, and grass carp originate from two sources. They are synthe-
sized endogenously by gland cells and by the intestinal microbiota. Gener-
ally, the distal sections of the gut exhibit the greatest proteolytic activity 
(moNdal et al. 2008). The study indicated that greatest cellulolytic activity 
is observed for such species as B. circulans and B. megaterium have a pro-
teolytic activity (SaSha et al. 2006). The intestinal microflora in the common 
carp is capable of producing vitamin B12. This concerns obligate anaerobic 
bacteria from the genus Bacterioides type A, to a lesser extent other repre-
sentatives of the family Bacterioidaceae, as well as the genus Clostridium 
(Sugita et al. 1991). Aerobes play a much lesser role in its production. How-
ever, it needs to be stressed that the process of vitamin B12 synthesis 
involves also bacteria from the family Enterobacteriaceae, as well as genera 
Pseudomonas and Plesiomonas. Thanks to their specific microflora common 
carps do not require a share of vitamin B12 in the diet (SyvokieNi 1989).  
It needs to be stressed that bacteria from the genus Bacterioides type B,  
as anaerobes, do not efficiently produce cobalamin. It is useful from the 
point of veterinary practice that the supply of sulphonamides does not 
always reduce the level of synthesized vitamin B12 (kaShiwada et al. 1970).

Probiotic therapy

The development of aquaculture as a branch of economy supplying fish 
to the food market has rapidly accelerated in the last decades. Consider-
able needs in terms of increased disease resistance, growth of aquatic 
organisms and feed conversion rates have resulted in the application of 
probiotics in fish farming practice. Probiotics were first used in 1986 to 
verify their capacity to promote growth of hydrobionts (organisms living in 
the aquatic environments). Later probiotics were used in order to improve 
water quality and control bacterial infections (maRtíNez cRuz et al. 2012). 
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Fish are exposed to many external factors affecting negatively their 
homeostasis, such as e.g. inappropriate environmental conditions, stress, 
inadequate diet or antibiotic therapy. They are also exposed to the action 
of pathogenic bacterial strains. Aeromonas hydrophila, a gram-negative 
bacterium from the family Aeromonadaceae, is one of the most significant 
pathogens for fish (RahmaN et al. 1997). It is found in freshwater lakes 
and rivers, under aerobic and anaerobic conditions (haNSoN et al. 1977). 
Disturbance of fish homeostasis during fish growth in aquaculture is 
a highly disadvantageous phenomenon, since it results in a reduction  
of body mass increase. It is crucial to maintain an appropriate composition 
of the intestinal tract microflora, which facilitates minimization of the 
negative factors as well as boosts the immune system (hoopeR and 
macpheRSoN 2010). It has an advantageous effect on phagocytic proper-
ties of the host, on the activity of lysozyme and antibodies, while it also 
affects peroxide production. However, antibiotics, stress, poor diet, pollu-
tion of the surrounding environment or diseases may disturb the physio-
logical structure of the microbiota (laRSeN and aRiaS 2014). The 
above-mentioned factors may cause excessive growth of bacterial strains, 
which leads to intestinal dysbacteriosis, and thus many pathological phe-
nomena taking place in the host organism, such as e.g. diarrhea or reduced 
immunity, potentially resulting in disease (tamBoli et al. 2004).

Probiotics promote the maintenance of physiological microflora of the 
digestive tract. Evidence has shown that they may improve digestibility 
and absorption of nutrients and enhance the activity of digestive enzymes 
(FulleR 1989, tovaR-RamíRez et al. 2004), increase stress tolerance and 
encourage reproduction activity (maRtíNez cRuz et al. 2012). They also 
stimulate the immune system and warn the organism during pathogen 
penetration (haRikRiShNaN et al. 2010). As a result, they act as alterna-
tive measures in relation to antibiotics or other bioactive substances 
(mazuRkiewicz and PrzyBył 2010). Knowing the adhesive properties of 
pathogenic bacterial strains in relation to the host’s mucous membrane it 
may be stated which probiotic may be most effective towards these micro-
organisms (Grześkowiak et al. 2011). Microorganisms producing diges-
tive enzymes may be collected from the fish digestive tract and used as 
probiotics. They may be successfully used in rearing of fish, particularly in 
the larval period, when feed production costs may be minimized (gaNguly 
and pRaSad 2012). Probiotics composed of such bacterial genera as Lacto-
bacillus, Lactococcus, Leuconostoc, Enterococcus, Carnobacterium, She-
wanella, Bacillus, Aeromonas, Vibrio, Enterobacteri, Saccharomyces,  
or even potentially pathogenic bacteria from the genera Pseudomonas  
or Clostridium have successfully been used in fish farming practice.  
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The most commonly used probiotics are spores of gram-positive bacteria 
from the genus Bacillus (waNg et al. 2008). They are characterized by 
exceptional stability as well as resistance to environmental conditions. 
The species of that genus most commonly used in the therapy of cyprinids 
include Bacillus genus, Bacillus coagulans, Bacillus subtilis, Bacillus 
licheniformis, Bacillus amyloliquifaciens and Paenibacillus polymyxa. 
yaNBo and ziRoNg (2006) indicate that the probiotics composite with 
Bacillus sp. highly increased the growth performances and digestive 
enzyme activities and decreased FCR of common carp. They act as excel-
lent immunostimulators, also against A. hydrophila (vijayaBaSkaR and 
SomaSuNdaRam 2008). Studies have shown a positive effect of bacteria 
species B. coagulans, P. polymyxa and B. licheniformis on growth incre-
ments, feed uptake and survival rates of common carps (veRSchueRe  
et al. 2000, gupta et al. 2014). According to literature reports, carp was 
observed increased survival after experimentation infection A. hydrophila 
bacteria and application of bacteria probiotic Lactobacillus acidophilus 
and also B. coagulans, Bacillus licheniformis, Paeninibacillus polymyxa 
(aly et al. 2008, kazuń 2018) However, it needs to be stressed that the 
action of probiotics varied depending on the species, age, nutrition, as well 
as the composition, manner and frequency of probiotic application (laRa- 
-FloReS 2011). For example, studies conducted under laboratory condi-
tions showed that the application of identical probiotics as those given  
to common carps (B. coagulans, P. polymyxa, B. licheniformis) has no effect 
on growth or feed uptake in the Nile tilapia (Oreochromis niloticus)  
(gaNgadhaRa et al. 2004). However, in other studies indicated that  
B. subtillis and L. acidophilus increased survival rate of Nile tilapia 
infected for A. hydrophila and Pseudomonas fluorescens (kazuń 2018). 
Probiotic therapy has been shown to have a highly advantageous effect  
in younger fish. In contrast, fish with an anatomically and functionally 
developed digestive tract responded much less markedly to administered 
probiotics (mazuRkiewicz et al. 2007). A positive effect of B. circulans bac-
teria on digestive processes was observed in common carps. A probiotic 
preparation based on this bacterium enhances the secretion of endogenous 
digestive enzymes. This probiotic causes an increase in weight gains and 
reduce FCR rates in common carps (SivaNi et al. 2016). A positive effect on 
these parameters was also observed at the application of preparations 
from Streptococcus faecium bacteria. Moreover, a complete elimination  
of Escherichia coli bacteria from the intestinal microbiome was recorded 
during supplementation with this probiotic. Studies were conducted on 
common carp from India (ghoSh et al. 2003) and from Israel (Bogut et al. 
1998). Probiotics containing lactic acid bacteria by reducing pH in the gut 
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prove to be excellent growth inhibitors against pathogenic bacterial strains 
(Fayol-meSSaoudi et al. 2005). Lactic acid bacteria is the most frequent 
used probiotic, both in human and animals nutrition, including fish. They 
occur in sweet fish as one of components of natural intestinal flora of cold-
blooded animals (hoFFmaN et al. 2017). They promote expulsion of patho-
genic bacteria from the intestines. Apart from lowering pH, they are capa-
ble of producing various metabolites such as bacteriocines, hydrogen per-
oxide, acetic aldehyde and other substances, which also inhibit growth  
of pathogenic bacterial strains (PrzyBył et al. 2006). L. acidophilus have 
a positive effect on increased body weight gains in grass carp (waNg 2011). 
In addiction, the study indicated that the isolation of Lactobacillus bacte-
ria from the intestinal tract of adult fish can be used as an addition to food 
intended for young fish stages (hoFFmaN et al. 2017). The studies showed 
no positive effect on the growth increment in common carp during supple-
mentation either with Carnobacterium divergens (mazuRkiewicz et al. 
2007). However, probiotics for fish composed of bacteria C. divergens and 
its metabolites inhibit activity, growth and survival of the A. hudrophila, 
Aeromonas salmonicida, Vibrio angillarum, Edwardsiella Tarda (gRajek 
et al. 2015). C. divergens can stay in the gut for a long time and is also 
capable for producing bacteriocins, that inhibit bacterial growth (mazuRk-
iewicz and PrzyBył 2010). The study indicated, that Carnobacterium 
maltaromaticum and Carnobacterium mobile have a bacteriostatic effect 
on bacterial strains of V. anguillarum, Vibrio salmonicida, A. salmoni-
cida, Vibrio splendidus potentially pathogenic to fish (RiNgø 2008). In 
addiction, the study indicated that Carnobacterium pisciola inhibit the 
growth of A. hydrophila (mazuRkiewicz and PrzyBył 2010). BalcázaR  
et al. (2008) indicated that probiotic with Lactococcus lactis reduced  
the adhesion to the intestines of A. hydrophila, A. salmonicida, Yersinia 
ruckeri and V. anguillarum,whereas Lactobacillus plantarum reduced  
the adhesion of A. hydrophila and A. salmonicida. In the same study found 
that Lactobacillus fermentum reduced adhesion to intestinal mucus  
of A. hydrophila, A. salmonicida, Y. ruckeri. The same results obtained in 
the case of B. subtilis. In the case of the silver crucian carp bacteria from 
the genera Proterobacteria and Firmicutes are dominant in its intestinal 
microflora. Analysis of 10 most numerous taxonomic units showed the pre-
dominance of Firmicutes. The isolated bacteria presented in the decreas-
ing order depending on the population size include Veilonella spp., Lach-
nospiraceae, Lactobacillales, Streptococcus spp. and Lactobacillus spp. 
Potential probiotic bacteria (Lactobacillus spp., Bacillus spp.), as well as 
opportunistic bacteria (Aeromonas spp., Acinetobacter spp.) were isolated 
in relatively small numbers from the intestinal tract of the silver crucian 



Tomasz Uzar et al.166

carp (wu et al. 2013). This indicates that supplementation with probiotics 
composed of lactic acid bacteria may not always bring satisfactory results, 
since the growing population after probiotic supplementation decreases 
rapidly within a period of several days, when probiotic supplementation 
ceases (wu et al. 2013). Due to the considerable shares of bacteria from the 
genera Pseudomonas and Aeromonas in the fish microbiota they may serve 
important biological functions and may be used as probiotics (wu et al. 
2012). However, the bacteria from the genera Pseudomonas and Aero-
monas may prove to be potentially pathogenic for fish. Further studies 
need to be conducted in order to precisely determine their role. The micro-
biome in the digestive tract of the silver crucian carp is strongly related 
with the benthic microflora, on which it feeds, as well as ingested food, 
since 75% taxonomic units were identical to those isolated from the used 
feed (haN et al. 2010). This is valuable information in view of the oral 
administration of probiotics together with feeds. Additionally, a docu-
mented positive effect on body weight gains in common carp is also 
observed for probiotics containing yeast Saccharomyces cerevisiae, as well 
cyanobacteria Spirulina maxima (RamakRiShNaN et al. 2008). Determina-
tion of the physiological intestinal microflora and identification of properly 
selected probiotics is a key element of appropriate fish rearing. Probiotic 
therapy is a perfect form of veterinary prophylaxis, facilitating mainte-
nance of homeostasis and immune equilibrium, and as a result promoting 
physiological digestive processes. It has an essential effect on good health 
and high productivity of fish (mazuRkiewicz and PrzyBył 2010).
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