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Health &
Welfare

Preventing high ammonia-induced
toxicity in cultured �sh
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By Amit Kumar Sinha, Ph.D. , Jyotsna Shrivastava, Ph.D. , Nicholas Romano, Ph.D.  and Gudrun De
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Restricted feedings may be more e�ective than feed
deprivation
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The aquaculture industry is becoming increasingly more intensive. With higher stocking densities and
thus feed inputs, water quality can �uctuate widely and quickly, including spikes in ammonia
(NH +NH ) levels. Depending on the system, there are various ways to mitigate ammonia
accumulation. In ponds, microalgae are often encouraged while recirculating systems rely heavily on
biological �ltration.

Nevertheless, there are times when ammonia production exceeds the capacity of the system to remove
or convert ammonia into less toxic compounds (nitrite, and especially nitrate). During these times, it is
standard practice to reduce feeding rates to minimize ammonia production and thus ammonia
accumulation in the blood of �sh. In fact, ammonia toxicity is well known to be directly linked with
blood ammonia levels.

However, the amount of ammonia in the water does not necessarily re�ect blood ammonia levels in the
�sh. This is due to the animal’s ability to excrete ammonia in the face of high environmental ammonia
and, to some degree, detoxi�cation of ammonia to less toxic urea or some amino acids. Rhesus (Rh)
glycoproteins, located in the �sh gills, are amajor transporter of ammonia in �sh (Fig. 1). Their up-
regulation can be in�uenced by alkaline water (as observed in rainbow trout), which greatly increases
ammonia elimination.

However, as we describe here, recent evidence has also shown that feeding status can also show a
similar effect, which could represent an additional strategy to control ammonia toxicity in �sh.

In this study, common carp juveniles were used to study feed
deprivation to manage ammonia toxicity to �sh in aquaculture
production systems. Photo by Darryl Jory.
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Experimental design
Common carp (Cyprinus carpio) juveniles were used as a test model, as this �sh species is widely
distributed throughout the world, with total annual production of 4.16 million metric tons (MT), and it is
ranked as the third-most important cultured �sh species worldwide. In this study, there were two
treatments: one group of unfed �sh (for seven days prior to each sampling) and another group which
was fed (2 percent body weight) throughout the study.

Fig. 1: Localization of Rh glycoproteins in �sh gills, which facilitate the
elimination of toxic NH3.

View of the experimental tanks used in the study.
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Both groups of �sh were then exposed to high ammonia (1 mg/L as NH ) levels at 17±1 degrees-C and
water pH 7.4 for a period of 28 days. We assessed the accumulation of ammonia in blood, ammonia
excretion rate and expression pattern of Rh glycoproteins (Rhcg isoforms and Rhbg) in the �sh gills.
“For additional information on the study setup and experimental design, please refer to Compensatory
responses in common carp (Cyprinus carpio) under ammonia exposure: Additional effects of feeding
and exercise,” by Diricx et. al
(https://www.sciencedirect.com/science/article/pii/S0166445X13002142). 

Overall �ndings
We found that within four days of high ammonia exposure, fed �sh had signi�cantly lower blood
ammonia levels (Fig. 2), along with signi�cantly higher ammonia excretion rates (Fig. 3). This was
likely facilitated by the signi�cantly higher gene expression of Rhcg-a glycoproteins on the gills (Fig. 4)
to transport ammonia against a gradient.

These �ndings provide evidence that a cessation to feeding may not be the best strategy to manage
ammonia toxicity to �sh in aquaculture systems that have ammonia spikes. Instead, restricted feedings
may be more effective a reducing the toxic effects of ammonia.
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Sampling of gill tissue for Rhesus (Rh) glycoproteins quanti�cation
(left); Collection of blood/plasma for body burden of ammonia assay.

Fig. 2: Accumulation of ammonia in the blood of fed and feed deprived
�sh following exposure to high environmental ammonia over 28 days.
Values are mean ± S.E. Asterisk (*) denotes signi�cant differences
between the fed and the fasted �sh (*P< 0.05; **P< 0.01).

https://www.sciencedirect.com/science/article/pii/S0166445X13002142
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Future research and perspectives
Further research on restricted feeding to other practical aspects, including growth and acute ammonia
tolerance should be explored along with extending this research direction to other aquacultured species.
In particular, carnivorous �sh such as largemouth bass and hybrid striped bass, produce considerable
amounts of ammonia due to a high protein dietary intake.

In addition, other external/internal cues, such as shifts in water alkalinity, temperature or water pH
should be tested as an additional stimulator of Rh glycoprotein to better excrete ammonia. Such
research may provide farmers with additional tools to minimize ammonia toxicity and maximize

Fig. 3: Ammonia excretion rates by fed and feed deprived �sh
following exposure to high environmental ammonia over 28 days.
Values are mean ± S.E. Asterisk (*) denotes signi�cant differences
between the fed and the fasted �sh (*P< 0.05; **P< 0.01; ***P< 0.001).

Fig. 4: Expression pro�le of Rhcg-a in gills of fed and feed deprived �sh
following exposure to high environmental ammonia over 28 days.
Values are mean ± S.E. Asterisk (*) denotes signi�cant differences
between the fed and the fasted �sh (*P< 0.05; **P< 0.01).



4/11/2023 Preventing high ammonia-induced toxicity in cultured fish - Responsible Seafood Advocate

https://debug.globalseafood.org/advocate/preventing-high-ammonia-induced-toxicity-in-cultured-fish/?headlessPrint=o.(*R%3Ep~o… 6/7

productivity in a cost-effective manner.

For additional information, kindly refer to our recent published papers (Shrivastava et al., 2017.
Aquaculture 481, 218-228 and Diricx et al., 2013. Aquatic Toxicology 142-143, 123-137).

Authors

AMIT KUMAR SINHA, PH.D.

Aquaculture/Fisheries Center 
University of Arkansas at Pine Bluff 
1200 North University Drive 
Pine Bluff, AR 71601 USA

JYOTSNA SHRIVASTAVA, PH.D.

Systemic Physiological and Ecotoxicological Research 
Department of Biology, University of Antwerp 
Groenenborgerlaan 171, BE-2020 Antwerp, Belgium

NICHOLAS ROMANO, PH.D.

Corresponding author 
Aquaculture/Fisheries Center 
University of Arkansas at Pine Bluff 
1200 North University Drive 
Pine Bluff, AR 71601 USA

romanon@uapb.edu (mailto:romanon@uapb.edu)

GUDRUN DE BOECK, PH.D.

mailto:romanon@uapb.edu


4/11/2023 Preventing high ammonia-induced toxicity in cultured fish - Responsible Seafood Advocate

https://debug.globalseafood.org/advocate/preventing-high-ammonia-induced-toxicity-in-cultured-fish/?headlessPrint=o.(*R%3Ep~o… 7/7

Systemic Physiological and Ecotoxicological Research 
Department of Biology, University of Antwerp 
Groenenborgerlaan 171, BE-2020 Antwerp, Belgium

Copyright © 2023 Global Seafood Alliance

All rights reserved.


