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Probiotics can have a significant impact on digestion efficiency
and the environmental impact of fresh water fish farms.
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Abstract: The health status and feed conversion efficiency of farmed fish may vary
according to management and production methods. Successful aquaculture requires
safeguarding the health of the growing fish and optimizing the feed conversion and
therefore achieving better FCE thus reducing the amount of feed required to produce
farmed fish, reducing the environmental impact generated by fish feed production and
reducing aquaculture wastes generated by feed wasted or poorly digested. The present
review presents illustrative examples from freshwater aquaculture that suggests the
potential dual benefits of focusing on the link between feed conversion and the
environmental impact of fresh water fish farms. Apart from the need to support future
research on new diets for farmed fish (which is mainly driven by limits in the supply of
fish protein and the results price fluctuation of all ingredients used by the aquaculture,
feed industry), major improvements can be expected by optimizing feeding regimes and
the application of probiotics. Aside from the economic benefits and increased
production of fish farms, improved feeding regimes and probiotics are expected to have a
significant impact on the welfare of farmed fish as well as on digestion efficiency and the
environmental impact of fresh water fish farms.
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1. Introduction

As the world continues to deal with sustainability problems, aquaculture produced
seafood has been found to have the potential of playing a major role in achieving global
food security since it has a longstanding measure of efficiency in food production. Today,
farmed seasfoods contribute more to the human food needs by weight than wild-caught
to become the fastest-growing source of animal foods [1]. Aquaculture is viewed as
having a significant contribution to food security since aquatic animals, especially fish,
have an efficient feed conversion ratio that results in a high and reliable supply of animal
foods. Feed Conversion Ratio (FCR) is the common measure that measures the efficiency
with which animal bodies convert feeds into desired outputs [2]. However, several
factors affect FCR efficiency in aquatic life. The environment is a major factor that affects
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the efficiency of FCR in aquaculture. According to De Vedral et al. [3] the environment
strongly influences FCR at the production unit level for farmed seafood. For example,
compared to sea based aquaculture, land based fish farms exhibit better FCR and this is
partially explained by the unpredictable variability of several environmental parameters
at the sea. For example, at sea farmed salmonids can be exposed to a wide range of
thermal condtions which requires adjusting feeding regimes while several other
parameters such as diurnal oxygen fluctuation and parasitic infestation also affecting the
potential growth and FCR [4,5]

Farmed fish are fed with aquaculture feeds which are converted to fish biomass.
The amount of feed supplied to each aquaculture pond is adjusted according to feeding
regimes and the ratio of dry feed weight to wet weight gain is calculated as the feed
conversion ration. An increase in the FCR indicates that feed is converted less efficiently
in body mass and thus the amount of feed required to produce one kg of fish will
increase. A low feed conversion efficiency (FCE) can be partially attributed to small
errors in calculating the biomass and adjusting the amount of feed required in each pond.
Small aquaculture units may fail to control feeding. For example there are reports that
fish farms may frequently overfeed with additional feeding offered according to the
perceptions of farm operators who could decide on the basis of their subjective
experience if and how much additional feeding was required [6]. As a result, FCE may
vary between fish farms due to unintentional differences in feeding rate. As in several
other fish species, overfeeding farmed rainbow trout can compromise food digestibility
and function of the intestine, resulting in less efficient feed conversion [7]. This is a
crucial parameter for controlling and reducing fish wastes with significant economic and
environmental consequences. Further field research in the fish farms in the region is
required to confirm and evaluate the magnitude of this problem. There are economic and
environmental benefits for the sector if feed waste is reduced. Feed is a significant
parameter for the cost of production, usually over 50% and also a significant parameter
for the environmental impact of aquaculture.

The organic load generated by fish farms is offering nutrients to support bacteria. If
fish are overfed, this will result in suboptimal feed utilisation and this will have an
impact on the amount of unconsumed or poorly digested feed. Moreover, excessive feed
may increase the possibility of pathological problems in fish, with over feeding resulting
in pathological problems in the digestive organs of farmed fish [8, 9].

Aquaculture of intensively cultivated fish is mainly based on fish ponds with
recirculating or open flow water using intensive fish farming methods. Environmental
conditions, including water quality, stocking density and temperature can affect fish
growth and feed conversion efficiency of farmed fish [10]. Furthermore, dietary regimes
or pathological problems can compromise digestion and affect FCE [11,12] .

Open flow rainbow trout fish farms generate a considerable amount of nutrients
released in the aquatic ecosystems. The organic load generated by fish farms may vary
according to unconsumed or poorly digested fish feed, fish metabolism and excretions
which can result in the accumulation of suspended nutrients in the water bodies were
effluents are released [13,14]. Even within the ponds, waste solids can form sediments
were N or P will be deposited and support bacterial growth, affecting levels of NH4-N ,
oxygen and P in the water column of fish ponds. All the above may have an impact on
the water quality and growth of farmed fish and a negative environmental impact [15]

The organic load and the impact of freshwater fish farms in the aquatic
ecosystem can be reduced by manipulation of the dietary regimes, for example by
adjusting the quantity of feed according to feed manufacturer feeding tables and reduced
phosphorus content in the feeds. In practice, fish farmers may fail to follow the
recommended feeding rations, due to inadequate monitoring of size dispersion and total
fish biomass which creates uncertainty in the estimation of fish weight [6].
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A reduction or increase in FCE may reflect an increase or decrease respectively,
of uneaten or poorly digested fish feeds. Uneaten feed and fish excretions will support
bacterial growth in the water column and the sediments of the ponds [16].

Nutrient in the water column and the sediment of the ponds can increase according
to the organic load released by fish farms, directly increasing the environmental impact
of fish farms in the aquatic ecosystem [16, 17].

There are several changes driven by research and global market forces in the
composition of aquaculture feeds. There is an obvious trend to reduce the dependence
of fish feeds on fisheries and to replace fish protein and fish oils with alternative sources
of proteins and fat. This trend reflects a response of the global rising aquaculture industry
and the need to increase the production of aquaculture feeds which require wild caught
fish as a major raw material, a basic ingredient which is characterised by limited supply
of overfished and regulated fish stocks. As a result, research on the formulation of new
diets and the replacement of fish proteins with insect and plant proteins is intensified
[8,11,18-20]. In any event, any new diet is expected to exhibit good performance in
palatability, digestibility and feed conversion efficiency which will also be reflected in
improved growth. The environmental issues are also relevant and this can be seen in
the composition of aquaculture feeds which changed significantly over the course of the
last few decades, resulting in improved feed conversion and reduction of nutrients
released in the aquatic environmental by fresh water aquaculture [21].

Sustainable development of fresh water (FW) aquaculture requires minimal
environmental impact, monitoring the organic load released in the aquatic ecosystem,
while safeguarding fish welfare and the productivity of the sector.

The data reviewed in the present work, illustrate the significant role of probiotics
and feeding regimes, on digestion efficiency and the environmental impact of fresh water
fish farms.

How feeding regimes and probiotics can help reduce the environmental impact of
fresh water fish farms.

Sustainable development of fresh water (FW) aquaculture requires minimal
environmental impact, monitoring the organic load released in the aquatic ecosystem,
while safeguarding fish welfare and the productivity of the sector. Feed conversion
efficiency the organic load generated by land based fish farms is governed by a
combination of nutritional, biological and external factors. For example growth may be
influenced by biological and genetic elements, by the stocking density of farmed fish, by
the quality and quantity of feed, by the digestibility of particular ingredients used for
feeding a particular species, as well as by the temperature and other environmental
parameters such as oxygen availability and water quality [22-25). Upon reaching
maturation, fish divert the majority of energy intake to the growth of gonads. As a result,
sexual maturation of farmed fish is also an important parameter with consequences to
growth rate and allocation of feed energy to gonad or muscle growth, affecting the FCR
which in turn can significantly affect feed conversion and fish wastes generated by
aquaculture [26,27].

Figure 1 illustrates a representative situation of how changes in FCR can affect the release
of Phosphorus by fish farms. In this particular example, temperature affected FCR of
farmed rainbow trout fish farms.
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Figure 1. An example of how changes in FCR can affect the Phosphorus
;0ad released by farmed rainbow trout. This is due to the fact that
increased FCR (i.e. when more feed is required to produce one Kg of
weight gain) will result in a proportional higher amount of P released in
the aquatic environment. (Data calculated from Azevedo et al. [28].

Temperature is a controlling environmental factor which affects the rate of biochemical
reactions in fish [29]. In temperate climates, photoperiod and temperature are
important environmental cues that fish use to anticipate seasonal cycles. These cues help
fish to adjust their swimming, foraging and metabolic activities in the best possible
manner. For example some fish cease to forage and feed when temperature drops bellow
a certain value; it would make no sense to actively seek food when winter productivity of
the ecosystem is low and digestive enzymes are not functioning properly at low
temperatures [22,30]. As a result, temperature can exert a significant influence on the
amount of feed required for producing an increase in the body weight of growing fish.
The best combination of FCR and feeding is when when fish are not over or underfed
but also when feeding regimes are adjusted according to the needs of each species, stage
of development, size and overal aquaculture conditions of a fish farm. As a result, the
management of fish feeding in aquaculture can result in significant improvements in the
FCR and the wastes generated by fish feed [22,30-34].

The current trend is to increase the use alternative protein sources in order to reduce the
reliance of aquaculture feeds on fisheries, but this needs to be accompanied by extensive
research on nutrition [33] as well on the reduction of feed wastes [27] while at the same
time research avenues for the best feed conversion efficiency must be explored. FCR
varies tremendously according to feed composition and management practices. It also
affected by thermal conditions and feeding regimes. Suboptimal temperature and
overfeeding can result in fish wasted as uneaten or poorly digested resulting in increased
FCR. For example, at low winter temperatures, farmed rainbow trout can exhibit
decreased feed conversion efficiency, digestibility of dry matter, nitrogen and energy of
the diet resulting in increased waste of solid nitrogen waste outputs per kg fish produced
[28].

Optimal fish feeding, fish welfare, and reduction of the environmental impact of fish
farms are crucial parameters for the economic viability and sustainability of the sector
[13,15,27,35]. The health status and the efficiency of feed conversion efficiency of farmed
fish may vary according to management and method of production [36]. Successful
aquaculture requires safeguarding the health of the growing fish and optimizing the feed
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conversion and therefore achieving better FCE and reducing the amount of feed required
to produce farmed fish, reducing the environmental impact generated by fish feed
production and reducing aquaculture wastes generated by feed wasted or poorly
digested [27].

Poor digestion can result from intestinal digestion and absorption dysfunction resulting
in low feed conversion results in increased requirements of feed [37]. Intestinal
pathological problems are frequently reported from experimental fish diets reflecting an
obstacle in the replacement of fish proteins with alternative sources [8,11,20,25,37].
Intestinal health is crucial for animal growth and the efficiency of animal feeds [9].
Intestinal pathological problems of farmed fish can be associated with the disruption of
intestinal function and reduction in the efficiency of feed conversion [8]. Sub acute
intestinal pathological problems such as sub-acute intestinal inflammation [40] can affect
digestibility of feed [39]. Intestinal pathological issues may affect normal functions of
the intestine, a higher index of intestinal pathological score and inflammation can
therefore result in higher exrection of nutrients as a result of impaired digestion
[27,38,39].

For example, partial supplementation of fish protein with plant protein [11] can
result in sub acute pathological problems of the gut. Likewise, inflammation of the gut
may also be triggered by infections; compromising hormonal homeostasis and gut
microflora [42] and functional integrity of the intestine and consequently further reduce
the growth potential of farmed fish [43,44]. For this reason, it can be assumed that even
sub-acute pathological problems of the fish intestine will impair digestion efficiency and
consequently feed conversion efficiency. This is graphically illustrated in Figure 2 were
dietary induced changes in the density of goblet cells were associated with changes in
FCR of common carp (data calculated from Ostaszewska et al [38].

Aquaculture is an increasingly important socio-economic area of development for many
areas of the world. Over recent years more intensive farming methods have been used to
increase yield, with antibiotics used to ensure that fish stocks are healthy and free of
disease. The environmental impact of these processes, and the risk to human health from
antibiotic-resistance microbes however has necessitated a revision in how these
aquaculture environments are regulated. Probiotics offer a more environmentally
sustainable approach to fish feed stocks — facilitating an improvement in disease
prevention whilst minimising the impact to the surrounding ecological systems [45-51].

Probiotics are members of the healthy intestinal microbiota and there is some evidence to
suggest a positive effect of probiotics in improving the digestion, health and growth of
farmed fish. Probiotics' microbial modulation may also help improve host's nutritional
status and growth with farmed fish fed with probiotic supplements exhibiting improved
feed conversion, a significant parameter for sustainability of aquaculture [51, 52].

For example, improved growth of African catfish [53] and common carp [54] was
exhibited when probiotics were added in their feeds. Furthermore, probiotics may be
used to reduce the usage of antibiotics in aquaculture as probiotics have the ability to
modulate gut microbiota, thereby preventing gut inflammation and reducing the need
for treatment of gut pathological problems [55-57]
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Figure 2. Lower density of goblet cells in common carp (Number of goblet cell/100
um length intestinal fold) associated with increased FCR. Illustrating how a
pathological condition in the intestinal tract can impair feed conversion. Data
calculated from Ostaszewska et al [38].

Dietary administrated Lactic acid bacteria for example, are found in the mucosal
epithelium of the gut and help to prevent pathogen proliferation [58-60]. Probiotics
added in the ponds of farmed Tilapia, resulted in improved growth and increased lactic
acid bacterial count in the water and the intestinal tract and improved immune response
and resistance against Aeromonas hydrophila [61].

The physiological mechanisms of this protection against pathogens include competition
of probiotics with pathogens on extracellular binding sites at the mucosal epithelium
[58,62] alteration of the extracellular pH [63] and the production of molecules with
antibiotic properties [64] which can prevent the proliferation of pathogens. Additionally,
improved immune response can be exhibited, for example, Clostridium butyricum
improved leukocyte phagocytic activity, resulting in increased resistance to vibriosis in
farmed rainbow trout [65].

Probiotics can be administrated via differenent methods to improve the physiology,
growth performance and immune responses of many fish species [66]. For example, it has
been shown that nutrients are absorbed more efficiently when the feed is supplemented
with probiotics — providing significant benefits to the digestive processes for a variety of
fish species [51,62,67,68]. To ensure that probiotics can be used effectively and improve
animal health without impacting the surrounding water quality, the commercial viability
of these options is critical. Improvements to feed efficiency is one key area for
development, as it can help to reduce production costs and create a more economically
sustainable approach for probiotic use [60]. In several studies it has also been
demonstrated that probiotics are efficient in the transformation of organic matter to
carbon dioxide — helping to minimise the accumulation of dissolved and particulate
organic carbon during the growing season and this could ultimately improve local
water quality by balancing the production of phytoplankton and eutrophication in these
environments [69].

Some issues have been identified with the use of fish feed on probiotic distribution,
including the problems associated with early life stages of development and the
immaturity of the digestive tract. The supplementation of rearing water is currently the
only method which is applicable for fishes of all ages and a higher level of incorporation
of probiotic bacteria has been observed (Jahangri and Esteban, 2018). As a result, the most
appropriate administration option may be to add probiotics directly to water containing
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animal larva and combine this with the use of enriched live feed [66,70,71]. In addition to
the beneficial effects of probiotics as feed supplements on digestion and health, there is
some evidence that adding probiotics to fish pond water can also be beneficial, and these
benefits may include improvements in water quality, which is a critical parameter for
growth, feed conversion, and farmed fish welfare. Fish excrete NH4-N and nitrogen
compounds in fish ponds, which denitrification bacteria can convert to nitrites and
nitrates. There is some evidence to suggest that aquaculture in ponds, including
recirculated fresh water aquaculture systems, has the potential to reduce toxic levels of
ammonia and phosphorus [49,50,51]. Environmental concerns about the amount of
organic matter released in aquaculture effluents, combined with global warming and
competition from other industries for limited water resources, may limit the availability
of water for freshwater fish farms. Under these conditions, technological advances in
water treatment, such as partial recirculating aquaculture systems, could pave the way
for the future of sustainable fresh water aquaculture. The data reviewed in the present
study, indicate that the organic load in the effluents of the fishponds may vary, this can
be attributed to feeding control, for example due to subjective or objective minor
miscalculation for feeding requirements and fish biomass as well due to intestinal health
issues. A reduction in the organic load generated by trout farms could be reduced by a
more accurate calculation of the feeding requirements of each pond. Aquatic pollution is
a significant environmental issue for freshwater ecosystems, affecting the ecological
status of the benthos and the welfare fish in rivers [72].  In addition to the economic and
environmental issues, gut health is a significant parameter for the welfare of farmed fish
[73, 74]. Gut health status and subacute gut pathological issues are current welfare
issues which constitute a major obstacle for sustainable aquaculture development, widely
investigated by fish nutritionists working with several farmed fish species [40, 76-78].
Rerearch on improving feding regimes and developing new feeds with optimal
digestibility and metabolism [2,79-81] is a prerequisite for sustainable growth of
aquaculture.

4. Conclusions

In conclusion, the data reviewed indicate the potential for improving both the

sustainability of fresh water fish farms and the health of farmed fish by investigating the
potential benefits of using feeding regimes and probiotics to achieve optimal feed
utilisation via improved digestion, feed conversion, and fish health [61,62,82,83].
It can be concluded that there are several reasons to drive research and development of
improving FCR, this drive derives from economical, fish welfare and environmental
concerns for the Aquaculture industry. There are several parameters which can affect
FCR and the environmental impact of fresh water fish farms, which can have direct and
indirect effects on the environmental impact of aquaculture, for example via directly
affecting the level of phosphorus pollution and indirectly increasing the environmental
impact of aquaculture associated with increased feed wasted or poorly digested feeds.
Improved feeding regimes and probiotics are expected to have a significant impact on the
economics of fish farms, the welfare of farmed fish as well as on digestion efficiency and
the environmental impact of fresh water fish farms.

References

1. Pauly, D., & Zeller, D. (2019). Agreeing with FAO: comments on SOFIA 2018. Marine Policy,
100, 332-333.



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 October 2021

2. Tacon, A. G., & Metian, M. (2015). Feed matters: satisfying the feed demand of aquaculture.
Reviews in Fisheries Science & Aquaculture, 23(1), 1-10.

3. De Verdal, H., Rosario, W., Vandeputte, M., Muyalde, N., Morissens, P., Baroiller, J. F., &
Chevassus, B. (2014). Response to selection for growth in an interspecific hybrid between
Oreochromis mossambicus and O. niloticus in two distinct environments. Aquaculture, 430,
159-165.

4. Philis, G., Ziegler, F., Gansel, L. C., Jansen, M. D., Gracey, E. O., & Stene, A. (2019).
Comparing life cycle assessment (LCA) of salmonid aquaculture production systems: status and
perspectives. Sustainability, 11(9), 2517.

5. Paspatis, M., Batarias, C., Tiangos, P., & Kentouri, M. (1999). Feeding and growth responses
of sea bass (Dicentrarchus labrax) reared by four feeding methods. Aquaculture, 175(3-4), 293-305

6.  Aguado-Giménez, F. 2020. Effect of Feed Delivery Rate and Pellet Size on Rearing
Performance, Feed Wastage and Economic Profitability in Gilthead Seabream (Sparus aurata)
Ongrowing. Water, 12: 954.

7. Berillis, P. And Mente, E. 2017. Histology of Goblet Cells in the Intestine of the Rainbow Trout
Can Lead to Improvement of the Feeding Management. Journal of FisheriesSciences.com 11:32-33
8. Burrells, C., Williams, P.D., Southgate, P.J., Crampton, V.O. 1999. Immunological,
physiological, and pathological responses of rainbow trout (Oncorhynchus mykiss) to increasing
dietary concentrations of soybean proteins. Veterinary immunology and immunopathology
72:277-288

9. Roh, H,, Park, J., Kim, A., Kim, N., Lee, Y., Kim, B. S., Kim, D.H. 2020. Overfeeding-Induced
Obesity Could Cause Potential Imnmuno-Physiological Disorders in Rainbow Trout (Oncorhynchus
mykiss). Animals 10:1499-1506.

10. Imsland, A. K. D., Gunnarsson, S., & Thorarensen, H. (2020). Impact of environmental factors
on the growth and maturation of farmed Arctic charr. Reviews in Aquaculture, 12(3), 1689-1707.

11. Penn, M. H., Bendiksen, E. A., Campbell, P., & Krogdahl, A. (2011). A high level of dietary
pea protein concentrate induces enteropathy in Atlantic salmon (Salmo salar L.). Aquaculture,
310(3-4), 267-273.

12.  Oliveira, L. K., Pilz, L., Furtado, P. S., Ballester, E. L. C., & de Almeida Bicudo, A. J. (2021).
Growth, nutritional efficiency, and profitability of juvenile GIFT strain of Nile tilapia (Oreochromis
niloticus) reared in biofloc system on graded feeding rates. Aquaculture, 541, 736830.

13. Mavraganis, T., Constantina, C., Kolygas, M. Vidalis, K., Nathanailides, C. 2020.
Environmental issues of aquaculture development. Egyptian Journal of Aquatic Biology and
Fisheries 24:441-450.

14. Mavraganis, T., Tsoumani, M., Kolygas, M., Chatziefstathiou, M., & Nathanailides, C. (2021).
Using seasonal variability of water quality parameters to assess the risk of aquatic pollution from
rainbow  trout fish farms in  Greece. Int | Energ  Water Res  (2021).
https://doi.org/10.1007/s42108-021-00141-5

15. Tahar, A., Kennedy, A., Fitzgerald, R. D., Clifford, E., & Rowan, N. (2018). Full water quality
monitoring of a traditional flow-through rainbow trout farm. Fishes, 3(3), 28.

16. Carr, O.]., and Goulder, R. (1990): Fish-farm effluents in rivers - I. effects on bacterial
populations and alkaline phosphatase activity. Water Research 24(5), 631-638.

17.  Nathanailides, C., Tsoumani, M., Kakali, F., Logothetis, P., Beza, P. Mayraganis, Th., Kanlis,
G., Delis, G,, Tiligadas, I. & Chatziefstathiou, M. (2015). A correlation between alkaline
phosphatase and phosphate levels with the biomass of trout farm effluents. Proceedings of the VI
International Conference WATER & FISH, Faculty of Agriculture, Belgrade-Zemun, Serbia. June, 12
- 14, 2015. pp 170-175.

18. Mente, E,, Carter, C. G, Barnes, R. S. K, Vlahos, N., & Nengas, I. (2021). Post-Prandial Amino
Acid Changes in Gilthead Sea Bream. Animals, 11(7), 1889.

19. Ayala, M. D,, Galian, C., Fernandez, V., Chaves-Pozo, E., Garcia de la Serrana, D., Sdez, M. L,
.& Arizcun, M. (2020). Influence of low dietary inclusion of the microalga nannochloropsis gaditana
(Lubian 1982) on performance, fish morphology, and muscle growth in juvenile gilthead seabream
(sparus aurata). Animals, 10(12), 2270.



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 October 2021

20. Mousavi, S., Zahedinezhad, S., & Loh, J. Y. (2020). A review on insect meals in aquaculture:
The immunomodulatory and physiological effects. International Aquatic Research, 12(2), 100-115

21. Mavraganis, T., Thorarensen, H., Tsoumani, M., & Nathanailides, C. (2017). On the
Environmental Impact of Freshwater Fish Farms in Greece and in Iceland. Annual Research &
Review in Biology, 1-7.

22. Rungruangsak-Torrissen, K., Pringle, G.M., Moss, R., Houlihan, D.F. 1998: Effects of varying
rearing temperatures on expression of different trypsin isozymes, feed conversion efficiency and
growth in Atlantic salmon (Salmo salar L.) Fish Physiology and Biochemistry, 19 (3): 247-255

23. Lambert, Y. and Dutil, J-D. (2001). Food intake and growth of adult Atlantic cod (Gadus
morhua L.) reared under different conditions of stocking density, feeding frequency and
size-grading. Aquaculture 192: 233-247.

24. Lemarié G, Martin JLM, Dutto G, Garidou C (1998): Nitrogenous and phosphorus waste
production in a flow-through land-based farm of European sea bass (Dicentrachus labrax). Aquat
Living Resour 11: 247-254

25.  Kumar, V., Fawole, F.J., Romano, N., Hossain, M. S., Labh, S. N., Overturf, K., & Small, B. C.
(2021). Insect (black soldier fly, Hermetia illucens) meal supplementation prevents the soybean
meal-induced intestinal enteritis in rainbow trout and health benefits of using insect oil. Fish &
Shellfish Immunology, 109, 116-124.

26. Thorpe, J. E, & Cho, C. Y. (1995). Minimising waste through bioenergetically and
behaviourally based feeding strategies. Water Science and Technology, 31(10), 29-40.

27. Bureau, D.P., & Hua, K. 2010. Towards effective nutritional management of waste outputs in
aquaculture, with particular reference to salmonid aquaculture operations. Aquaculture Research
41:777-792

28. Azevedo, P. A, Cho, C. Y,, Leeson, S., & Bureau, D. P. (1998). Effects of feeding level and
water temperature on growth, nutrient and energy utilization and waste outputs of rainbow trout
(Oncorhynchus mykiss). Aquatic Living Resources, 11(4), 227-238.

29. Brett, J. 1979. Environmental factors and growth. Fish Physiology. vol. 8 (eds. Hoar, W.S,,
Randall, D.J. & Brett, ].R.), pp. 599-675. Academic Press, New York.

30. Kuzmina, V.V., Golovanova, LL., Izvekova, G.I. 1996. Influence of temperature and season on
some characteristics of intestinal mucosa carbohydrases in six freshwater fishes, Comparative
Biochemistry and Physiology - B Biochemistry and Molecular Biology, 113(2):255-260

31. Cho CY, Bureau DP (1997) Reduction of waste output from salmonid aquaculture through
feeds and feeding. Prog. Fish Cult 59: 155-160

32.  Myrick, C. A., & Cech, J. J. (2000). Temperature influences on California rainbow trout
physiological performance. Fish Physiology and Biochemistry, 22(3), 245-254.

33. Bockus, A. B.,, Rawles, S. D., Sealey, W. M., Conley, Z. B., & Gaylord, T. G. (2021). Effects of
elevated temperature and dietary additives Thermal Care™, Bio-Mos®, and GroBiotic® A on
rainbow trout (Oncorhynchus mykiss) performance. Aquaculture, 544, 737084.

34. Mousavi, S., Zahedinezhad, S., and Loh, J.Y. 2020. A review on insect meals in aquaculture:
the immunomodulatory and physiological effects. International Aquatic Research 12:100-115.

35.  Nielsen, R. 2012. Introducing individual transferable quotas on nitrogen in Danish freshwater
aquaculture: Production and profitability gains. Ecological Economics 75:83-90.

36. Lopez-Olmeda, J. F.,, Noble, C., & Sanchez-Vazquez, F. ]. 2012. Does feeding time affect fish
welfare? Fish physiology and biochemistry 38:143-152.

37. Xie, M., Zhou, W., Xie, Y., Li, Y., Zhang, Z,, Yang, Y., & Zhou, Z. (2021). Effects of
Cetobacterium somerae fermentation product on gut and liver health of common carp (Cyprinus
carpio) fed diet supplemented with ultra-micro ground mixed plant proteins. Aquaculture, 543,
736943.

38. Ostaszewska, T., Dabrowski, K., Kamaszewski, M., Grochowski, P., Verri, T., Rzepkowska,
M., and Wolnicki, J. 2010. The effect of plant protein-based diet supplemented with dipeptide or
free amino acids on digestive tract morphology and PepT1 and PepT2 expressions in common carp
(Cyprinus carpio L.). Comparative Biochemistry and Physiology Part A: Molecular & Integrative
Physiology 157:158-169.



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 October 2021

39. Overland, M., Serensen, M., Storebakken, T., Penn, M., Krogdahl, A., Skrede, A. 2009. Pea
protein concentrate substituting fish meal or soybean meal in diets for Atlantic salmon (Salmo
salar)—effect on growth performance, nutrient digestibility, carcass composition, gut health, and
physical feed quality. Aquaculture 288:305-311.

40. Lilleeng, E., Penn, M. H. Haugland, &, Xu, C., Bakke, A. M. Krogdahl, A,
Froystad-Saugen, M. K. 2009. Decreased expression of TGF-p, GILT and T-cell markers in the early
stages of soybean enteropathy in Atlantic salmon (Salmo salar L.). Fish & shellfish immunology
27:65-72

41. Bosi, G., Shinn, A.P., Giari, L., Simoni, E., Pironi, F., & Dezfuli, B. S. 2005. Changes in the
neuromodulators of the diffuse endocrine system of the alimentary canal of farmed rainbow trout,
Oncorhynchus mykiss (Walbaum), naturally infected with Eubothrium Crassum (Cestoda). Journal
of Fish Diseases 28:703-711

42.  Butt, R.L., and Volkoff, H. 2019. Gut microbiota and energy homeostasis in fish. Frontiers in
endocrinology 10:9.

43.  Serna-Duque, ]. A., & Esteban, M.A. 2020. Effects of inflammation and/or infection on the
neuroendocrine control of fish intestinal motility: A review. Fish & Shellfish Immunology
103:342-356. https://doi.org/10.1016/j.fs1.2020.05.018

44. Udayangani, R. M. C,, Dananjaya, S. H. S., Nikapitiya, C., Heo, G. ], Lee, ]J., & De Zoysa, M.
(2017). Metagenomics analysis of gut microbiota and immune modulation in zebrafish (Danio
rerio) fed chitosan silver nanocomposites. Fish & shellfish immunology, 66, 173-184.

45.  Soltani, M., Ghosh, K., Hoseinifar, S. H.,, Kumar, V., Lymbery, A. ], Roy, S., & Ringg, E.
(2019). Genus Bacillus, promising probiotics in aquaculture: aquatic animal origin, bio-active
components, bioremediation and efficacy in fish and shellfish. Reviews in Fisheries Science &
Aquaculture, 27(3), 331-379.

46. Banavreh, A., Soltani, M., Kamali, A. Yazdani-Sadati, M. A., & Shamsaie, M. (2019).
Immuno-physiological and antioxidant responses of Siberian sturgeon (Acipenser baerii) fed with
different levels of olive pomace. Fish Physiology and Biochemistry, 45(4), 1419-1429

47. Paray, B. A, El-Basuini, M. F., Alagawany, M., Albeshr, M. F.,, Farah, M. A., & Dawood, M. A.
(2021). Yucca schidigera usage for healthy aquatic animals: potential roles for sustainability.
Animals, 11(1), 93.

48. Hassani, M. H. S, Jourdehi, A. Y., Zelti, A. H., Masouleh, A. S., & Lakani, F. B. (2020). Effects
of commercial superzist probiotic on growth performance and hematological and immune indices
in fingerlings Acipenser baerii. Aquaculture International, 28(1), 377-387.

49. Mohammadi, G., Rafiee, G., Tavabe, K. R., Abdel-Latif, H. M., & Dawood, M. A. (2021). The
enrichment of diet with beneficial bacteria (single-or multi-strain) in biofloc system enhanced the
water quality, growth performance, immune responses, and disease resistance of Nile tilapia
(Oreochromis niloticus). Aquaculture, 539, 736640.

50. Mohammadi, G., Adorian, T.J., & Rafiee, G. (2020). Beneficial effects of Bacillus subtilis on
water quality, growth, immune responses, endotoxemia and protection against
lipopolysaccharide-induced damages in Oreochromis niloticus under biofloc technology system.
Aquaculture Nutrition, 26(5), 1476-1492.

51. Putra, Achmad Noerkhaerin, Mustahal Mustahal, Mas Bayu Syamsunarno, Dodi Hermawan,
Devia Gusnur Fatimah, Pramodita Balita Putri, Sevia Sevia, Rina Isnaeni, and Muhamad
Herjayanto. "Dietary Bacillus NP5 supplement impacts on growth, nutrient digestibility, immune
response, and resistance to Aeromonas hydrophila infection of African catfish, Clarias gariepinus.”
Biodiversitas Journal of Biological Diversity 22, no. 1 (2021).

52. Putra, D. F,, Fanni, M., Muchlisin, Z. A., & Muhammadar, A. A. (2016). Growth performance
and survival rate of climbing perch (Anabas testudineus) fed Daphnia sp. enriched with manure,
coconut dregs flour and soybean meal. Aquaculture, Aquarium, Conservation & Legislation, 9(5),
944-948.

53. Al-Dohail MA, Hashim R, Aliyu-Paiko M (2009) Effects of the probiotic, Lactobacillus
acidophilus, on the growth performance, haematology parameters and immunoglobulin
concentration in African Catfish (Clarias gariepinus, Burchell 1822) fingerling. Aquac Res
40:1642-1652. https://doi.org/10.1111/j.1365-2109.2009.02265.x



https://doi.org/10.1111/j.1365-2109.2009.02265.x

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 October 2021

54. Van Doan, H., Lumsangkul, C., Hoseinifar, S. H., Tongsiri, S., Chitmanat, C., Musthafa, M. S.,
... & Ringo, E. (2021). Modulation of growth, innate immunity, and disease resistance of Nile tilapia
(Oreochromis niloticus) culture under biofloc system by supplementing pineapple peel powder
and Lactobacillus plantarum. Fish & Shellfish Immunology.

55.  Wang Y, Xu Z (2006) Effect of probiotics for common carp (Cyprinus carpio) based on growth
performance and digestive enzyme activities. Anim Feed Sci Technol 127:283-292.
https://doi.org/10.1016/j.anifeedsci.2005.09.003

56. Azimirad, M., Meshkini, S., Ahmadifard, N., and Hoseinifar, S. H. (2016). The effects of
feeding with synbiotic (Pediococcus acidilactici and fructooligosaccharide) enriched adult Artemia on

skin mucus immune responses, stress resistance, intestinal microbiota and performance of
angelfish (Pterophyllum scalare). Fish Shellfish Immun. 54, 516-522. doi: 10.1016/j.fsi.2016.05.001

57.  Modanloo, M., Soltanian, S., Akhlaghi, M., and Hoseinifar, S. H. (2017). The
effects of single or combined administration of galactooligosaccharide
and Pediococcus acidilactici on cutaneous mucus immune parameters, humoral
immune responses and immune related genes expression in common carp (Cyprinus
carpio) fingerlings. Fish Shellfish Immun. 70, 391-397. doi: 10.1016/j.fsi.2017.09.032

58. Lazado, C. C, Caipang, C. M. A, Brinchmann, M. F., and Kiron, V. (2011). In vitro adherence
of two candidate probiotics from Atlantic cod and their interference with the adhesion of two
pathogenic bacteria. Vet. Microbiol. 148, 252-259. doi: 10.1016/j.vetmic.2010.08.024

59. Sugimura, Y., Hagi, T., and Hoshino, T. (2011). Correlation between in vitro mucus adhesion
and the in vivo colonization ability of lactic acid bacteria: screening of new candidate carp
probiotics. Biosci. Biotech. Bioch. 75, 511-515. doi: 10.1271/bbb.100732

60. Rostika, R., Azhima, M. F,, Ihsan, Y. N., Andriani, Y., Suryadj, I. B. B., & Dewanti, L. P. (2020).
The use of solid probiotics in feed to growth and survival rate of mantap common carp (Cyprinus
carpio). Aquaculture, Aquarium, Conservation & Legislation, 13(1), 199-206.

61. Kishawy, A.T.Y.,; Sewid, A.H.; Nada, H.S.; Kamel, M.A.; El-Mandrawy, S.A.M.; Abdelhakim,
T.M.N.; El-Murr, A.E.IL; Nahhas, N.E.; Hozzein, W.N.; Ibrahim, D. Mannanoligosaccharides as a
Carbon Source in Biofloc Boost Dietary Plant Protein and Water Quality, Growth, Immunity and
Aeromonas hydrophila Resistance in Nile Tilapia (Oreochromis niloticus). Animals 2020, 10, 1724.
https://doi.org/10.3390/ani10101724

62. Merrifield DL, Bradley G, Baker RTM, Davies SJ (2010) Probiotic applications for rainbow
trout (Oncorhynchus mykiss Walbaum) II. Effects on growth performance, feed utilization,

intestinal microbiota and related health criteria post antibiotic treatment. Aquac Nutr
16(5):496-503. https://doi.org/10.1111/.1365-2095.2009.00688.x

63. Ma, C. -W,, Cho, Y. -S., and Oh, K. -H. (2009). Removal of pathogenic bacteria
and nitrogens by Lactobacillus spp. JK-8 and JK-11. Aquaculture 287,266-270.doi:
10.1016/j.aquaculture.2008.10.061

64. Moriarty, D. (1998). Control of Iuminous Vibriospecies in penaeid aquaculture
ponds. Aquaculture 164, 351-358.

65. Sakai, M., Yoshida, T., Atsuta, S., and Kobayashi, M. (1995). Enhancement of
resistance to vibriosis in rainbow trout,Oncorhynchus mykiss (Walbaum), by oral
administration of Clostridium butyricum bacterin. ]. Fish. Dis. 18, 187-190. doi:
10.1111/j.1365-2761.1995.tb00276.x

66. Jahangiri, L., & Esteban, M. A. (2018). Administration of probiotics in the water in finfish
aquaculture systems: a review.Fishes, 3(3), 33.

67. Merrifield, D. L., Dimitroglou, A., Foey, A., Davies, S.]., Baker, R. T., Bagwald, J., et al. (2010).
The current status and future focus of probiotic and prebiotic applications for
salmonids. Aquaculture 302, 1-18. doi: 10.1016/j.aquaculture.2010.02.007

68. Yeganeh Rastekenari, H., Kazami, R., Shenavar Masouleh, A., Banavreh, A., Najjar Lashgari,
S., Sayed Hassani, M. H., ... & Hallajian, A. (2021). Autochthonous probiotics Lactococcus lactis and
Weissella confusa in the diet of fingerlings great sturgeon, Huso huso: effects on growth
performance, feed efficiency, haematological parameters, immune status and intestinal
morphology. Aquaculture Research. doi.org/10.1111/are.15213



https://doi.org/10.1016/j.anifeedsci.2005.09.003
https://doi.org/10.3390/ani10101724
https://doi.org/10.1111/are.15213

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 October 2021

69. Martinez Cruz, P.; Ibafez, A.L;Monroy Hermosillo, O.A.; Ramirez Saad, H.C. Use of
Probiotics in Aquaculture. ISRN Microbiol. 2012, 2012, 1-14.

70. Penalosa-Martinell, D., Vela-Magafia, M., Diaz, G. P., & Padilla, M. E. A. (2020). Probiotics as
environmental performance enhancers in the production of white shrimp (Penaeus vannamei)
larvae. Aquaculture, 514, 734491

71.  Akiyama, M. K. M. K. N,, & Sugita, S. I. H. (2021). Predominant gut microbiota in the early life
stages of red seabream (Pagrus major) raised in indoor tanks. Int Aquat Res (2021) 13:219-226
https://doi.org/10.22034/TAR.2021.1925333.1143

72. Rafiee, G., & Saad, C. R. (2005). Nutrient cycle and sludge production during different stages

of red tilapia (Oreochromis sp.) growth in a recirculating aquaculture system. Aquaculture, 244(1-4),
109-118.

73. Giiltepe, N., Hisar, O., Salnur, S., Hossu, B., Tanrikul, T. T., & Aydin, S., (2012). Preliminary
assessment of dietary mannanoligosaccharides on growth performance and health status of
gilthead seabream Sparus auratus. Journal of Aquatic Animal Health 24: 37-42.

74.  Segner, H., Sundh, H., Buchmann, K., Douxfils, J., Sundell, K. S., Mathieu, C., Vaughan, L.
2012. Health of farmed fish: its relation to fish welfare and its utility as welfare indicator. Fish
physiology and biochemistry 38:85-105.

75.  Sealey W.M., Conley Z.B. and Bensley, M. 2015. Prebiotic supplementation has only minimal
effects on growth efficiency, intestinal health and disease resistance of Westslope cutthroat trout
Oncorhynchus clarkii lewisi fed 30% soybean meal. Frontiers in Immunology. 6:396. doi:
10.3389/fimmu.2015.00396.

76. Zhang, Y.L, Duan, X. D,, Jiang, W. D., Feng, L., Wu, P, Liu, Y. and Zhou, X.Q. 2019. Soybean
glycinin decreased growth performance, impaired intestinal health, and amino acid absorption
capacity of juvenile grass carp (Ctenopharyngodon idella). Fish physiology and biochemistry
45:1589-1602.

77. Torrecillas, S., Makol, A., Benitez-Santana, T., Caballero, M. J., Montero, D., Sweetman, J.,
Izquierdo, M. 2011. Reduced gut bacterial translocation in European sea bass (Dicentrarchus labrax)
fed mannan oligosaccharides (MOS). Fish & shellfish immunology 30:674-681

78. Mousavi, S., Zahedinezhad, S., and Loh, J.Y. 2020. A review on insect meals in aquaculture:
the immunomodulatory and physiological effects. International Aquatic Research 12:100-115.

79. Kaushik, S. ., and de Oliva Teles, A. 1985. Effect of digestible energy on nitrogen and energy
balance in rainbow trout. Aquaculture, 50:89-101.

80. Katsika, L., Huesca Flores, M., Kotzamanis, Y., Estevez, A., and Chatzifotis, S. 2021.
Understanding the Interaction Effects between Dietary Lipid Content and Rearing Temperature on
Growth Performance, Feed Utilization, and Fat Deposition of Sea Bass (Dicentrarchus
labrax). Animals 11: 392-398.

81. Monge-Ortiz, R, Martinez-Llorens, S., Marquez, L., Moyano, F. ], Jover-Cerd4, M.,
Tomas-Vidal, A. 2016. Potential use of high levels of vegetal proteins in diets for market-sized
gilthead sea bream (Sparus aurata). Archives of animal nutrition 70:155-172.

82. Zibiene, G., & Zibas, A. (2019). Impact of commercial probiotics on growth parameters of
European catfish (Silurus glanis) and water quality in recirculating aquaculture systems.
Aquaculture International, 27(6), 1751-1766.

83. Irianto, A., and Austin, B. (2002). Probiotics in aquaculture. Fish Shellfish Immun. 25, 633—-642


https://doi.org/10.22034/IAR.2021.1925333.1143

