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Abstract: The present study was carried out to evaluate the effect of different
levels of dietary taurine (0%, 1%, 2% and 3%) on grass
carp Ctenopharyngodon idella fingerlings during salinity stress. Fishes (1.738.57 g) were fed a diet up to satiation twice daily for ten weeks in four
treatments: T1, T2, T3 and T4. At the end of the feeding trial, fishes were
stressed by exposure to 10 PSU salinity for 14 days during which fish survival
rates, total protein, glucose, oxygen and energy consumption were observed.
The results showed that there were no significant differences (P>0.5) in the
survival rates between treatments, which ranged from 73.3% to 93.3%. Total
protein and glucose were significantly (P≤0.05) improved by a dietary taurine
diet after 14 days of salinity stress in T2 and T3. Taurine supplementation
significantly (P≤ 0.05) influenced oxygen consumption with the highest value
observed for T1 (255.8 mg O2/kg/hr) and T2 (213.6 mg O2/kg/hr), while the
lowest value was in T3 (131.5 mg O2/kg/hr) and T4 (112.4 mg O2/kg/hr) after
14 days of salinity stress. Energy consumption rates were significant (P≤0.05)
different between the treatments on the 14th day, T1 (0.85 kcal/kg/hr)
significantly exceeded the other treatments, followed by T2 (0.72 kcal/kg/hr),
T3 (0.44 kcal/kg/hr) and T4 (0.38 kcal/kg/hr). It appeared that taurine could be
used as a feed supplement to confirm better energy consumption and blood
biochemical parameters during salinity exposure of grass carp fingerlings with
the optimal level of a 2% and 3% diet.
Keywords: Fingerlings, Grass carp, Glucose, Oxygen consumed, Total protein,
Salinity stress

Introduction
In regions where fresh water is scarce, fish farming in brackish or salt water can
provide a source of extra income (DiMaggio et al., 2009; Marengoni et al., 2010).
Water salinity stress is one of the most common stresses that occasionally occurs in
freshwater fishes and, if prolonged, can reduce production efficiency or lead to
death. In many studies, freshwater fishes, exposed to high salinities, were able to
change the internal osmolarity of the plasma, allowing an overflow of water. Carps
and most other bony fishes can regulate a narrow range of ionic concentrations in
their internal body fluids (Luz et al., 2008; Lawson & Alake, 2011; Alkhshali &
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Alhilali, 2020). In some parts of Basrah province, the water salinity of fish ponds
may be higher than usual in some months of the year. Therefore, grass carps as
freshwater fishes may be exposed to salinities higher than the normal range and are
considered to have a limited ability to withstand changes in salinity. They are
exposed to high levels of salinity or above normal, which can cause significant
economic losses in the field of fish farming, especially in countries like Iraq, which
suffers from clear climatic variability and a decrease in water levels, which leads to
a difference in salinity levels in inland waters, causing a threat to this important
economic aspect (Al-khshali, 2011).
The amino acids that play a vital role in the ability of fishes to adapt to salinity
include arginine, aspartic acid, glycine, serine and taurine. In addition, many studies
indicated that non-essential amino acids are more important than the essential
amino acids in the process of osmotic regulation of fishes (Hosoi et al., 2008; Li et
al., 2009; Aragặo et al., 2010; Salze & Davis, 2015). Taurine synthesis varies
greatly between fish species and has been shown to play a significant role in the
aquaculture feeding of freshwater and marine fishes. Animal proteins are rich in
taurine, whereas, plant proteins are deficient in taurine (Sundararajan et al., 2014).
So, it may require a plant-based protein food, fish feeder exogenous taurine to
maintain physiological functions (El-Sayed, 2014). Taurine represents 30-50% of
the total amino acids, depending on the species of animal. It is concentrated mainly
in the heart, retina, skeletal muscles, brain, large intestine, plasma and blood cells in
mammals (Jacobsen & Smith, 1968; Huxtable, 1992; Schuller-Levis & Park, 2003).
There were many local studies on grass carp. Taher et al. (2022) studied the
effect of some food additives (thebax and vitamin C) on the growth parameters of
grass carp fingerlings. Laboratory experiments were also conducted for the
cultivation of grass carp, which indicated that the best protein level in the prepared
diets was 25% (Taher, 2017). Al-khshali (2011) showed a high rate of oxygen
consumption and energy with the high salinity in both grass carp and goldfish
Carassius auratus. The current study aims to determine the effect of taurine on
survival rates and energy consumption parameters of grass carp fingerlings during
salinity stress.
Material and Methods
Experimental Fishes
Fingerlings of grass carp C. idella (4.27±1.28 g) were obtained from a local fish
farm located in Al-Musharrah District, Maysan Province. All handling and
treatment procedures were conducted according to the ethical requirements. Upon
arrival at the laboratories of the Department of Fisheries and Marine Resources,
College of Agriculture, the fishes were reared in glass tanks with circulating fresh
water for ten days. The dissolved oxygen was maintained above 7 mg/l by
continuous air pumping. During acclimatization, the fishes were fed to satiation
once daily at 09:00 with a commercial diet (25.35% protein). A total of 180 fishes
were sterilized with saturated saline (NaCl) to get rid of pathogens and parasites
(Herwig, 1979).

Effect of taurine on grass carp fingerlings during salinity stress

220

Diet Formation
The diet was prepared according to Lovell (1989). The proximate chemical
composition of the experiment diets includes 25.35% protein, 3.54% lipids, 11.63%
ash, 2.96% fibre, 44.99% carbohydrates and 11.26% moisture. Four experimental
diets, using a fish meal and soya meal as the main protein source, were prepared: a
basal diet (T1) and three diets (T2, T3 and T4) supplemented with 1%, 2% and 3%
of taurine. The dietary ingredients were mixed in a feed mixer and moistened with
the addition of 50% (w/v) water (75 ºC) and then converted to pellets. Then the diet
was formed by using a 50 ml plastic syringe, dried in the laboratory for two days,
placed in plastic bags and stored at 5 ºC until used.
Experiment Design
The experiment was carried out in the laboratories of the Department of
Fisheries and Marine Resources, College of Agriculture. One hundred and eighty
grass carp fingerlings (4.27±1.28 g) were randomly divided into four groups. Fishes
were fed supplementary diets with different levels of taurine (0%, 1%, 2% and 3%)
for ten weeks. At the end of the feeding trial, fishes were stressed by exposure to
10 PSU salinity for 14 days in 12 glass tanks (30 × 40 × 60 cm). Samples of fishes
were taken after the 1st day, 7th day and 14th day for physiological measurements
(glucose and total protein).
Survival Rate
The survival rate was expressed as a percentage of total fishes tested and
calculated according to the following equation:
Number of fishes at the end of the experiment

Survival rate = Number of fishes at the beginning of the experiment ×100
Blood Collection
After the 1st day, 7th day and 14th day, the fishes were anesthetized and blood
samples were collected from the fishes. For blood collecting, bleeding was done
from the caudal peduncle vein (Svobodová et al., 1991). Blood samples were
immediately transferred to sterile tubes and the serum was separated by
centrifugation (3000 rpm for 2-3 minutes).
Serum Glucose Content
The China Bene Check devices were used to measure the level of glucose in the
blood. A drop of blood was placed on the tape of the device, which was installed in
its proper location, and the result was read directly. The glucose level was
measured in g/dl.
Serum Total Protein Content
The attached instructions, along with the used kit from the French company
Biolabo, were followed to estimate the total proteins in the serum. The samples
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were read by using a spectrophotometer at a wavelength of 550 nm, according to
the method of work attached by the company, as shown in the following equation:
Protein concentrate (g/dl) =

Sample
× 6/100ml
Standard

Oxygen and Energy Consumption
Oxygen consumption rates of grass carp fingerlings were determined according
to Nordlie & Leffer (1975) on the 1st day and 14th day. Individual fishes were
placed in a 1 L closed opaque chamber for 24 hours to acclimate them to their new
conditions. Compressor air was added to maintain oxygen-saturated conditions.
Following chamber acclimation, the chamber was sealed. Oxygen concentrations
from water samples were determined by utilizing an oxygen meter electrode.
Additional water samples were collected from each chamber and oxygen
concentration was determined at half-hour intervals. Chamber oxygen was not
allowed to drop below 3.3 mg/l. Following oxygen concentration measurements,
fishes were removed and weighted to determine oxygen consumption rates. The
oxygen consumed was estimated at mg O2/kg/hr. According to Brett (1972), the
consumed oxygen was converted into energy according to the following equation:
1 mg O2/kg/hr is equivalent to 0.00337 kcal/kg/hr.
Statistical Analysis
Complete Random Design (CRD) was used to study the effect of different
treatments on the studied traits by analysis of variance (ANOVA). The significant
differences between the means were compared with LSD under the significance
level of 0.05. The program SPSS (Version 26) was used in the statistical analysis.
Results
Survival Rate
There were no significant (P>0.5) differences between treatments when fishes
were transferred to a saline concentration of 10 PSU throughout the salinity stress
period. T1 and T4 had the lowest survival rate on the 14th day of the transfer
(Figure 1).

Survival Rates (%)
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Figure 1: Survival rates of grass carp fingerlings in different treatments during the
salinity stress period.

Serum Glucose Content
Significant differences (P≤0.05) were observed between treatments on the 1st
day of salinity stress. T1 is higher than T2 and T4, but there were no significant
differences (P>0.5) between T1 and T3. T1 was significantly (P≤0.05) higher on
the 7th and 14th days after salinity stress compared to the other treatments, followed
by T4. On the 14th day of salinity stress, there were no significant differences
(P>0.5) between T2 and T3 on the 14th day (Figure 2).

Figure 2: Blood glucose content (g/dl) of grass carp fingerlings in various treatments
during the salinity stress period.
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Serum Total Protein Content
The total protein content in blood serum on the 1st, 7th and 14th days of
salinity stress is shown in Figure 3. The T4 was significantly (P≤0.05)
superior to the other treatments on the 1st day, while there were no significant
differences (P>0.5) between the treatments on the 7th day. There were
significant differences (P≤0.05) between T1 (0.93 g/dl) and T2 (1.81 g/dl) on
the 14th day of the salinity stress period, and there were no significant
differences (P>0.5) between T2 (1.81g/dl), T3 (1.7 g/dl) and T4 (1.15 g/dl).
The highest value was obtained in T2, while the lowest value was observed in
T1.

Figure 3: Total protein content (g/dl) of grass carp fingerlings in different treatments
during the salinity stress.

Oxygen Consumption Rate
Oxygen consumption of grass carp fingerling (mg O2/kg/hr) increased during the
salinity stress period (Figure 4), Salinity exposure increases oxygen consumption in
T1 from 144.5 mg O2/kg/hr on the 1st day of exposure to 250.8 mg O2/kg/hr on the
14th day and in T2 from 95.7 mg O2/kg/hr to 213.6 mg O2/kg/hr on the 14th day of
exposure. While the changes in oxygen consumption rate were less in T3 and T4
during the 1st and 14th days of exposure, which were 99.4 to 131.5 mg O2/kg/hr
(T3) and 116.4 to 112.4 mg O2/kg/hr (T4).

Oxygen Consumed
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Figure 4: Oxygen consumption rate (mg O2/kg/hr) of grass carp fingerlings in different
treatments during salinity stress.

Energy Consumed

Energy Consumption
Figure 5 shows that the energy consumption rate of grass carp fingerlings was
increased on the 14th day of salinity exposure compared to the 1st day in T1, T2 and
T3, while it was decreased in T4. There were significant (P≤0.05) differences
between the treatments on the 14th day. T1 (0.85 kcal/kg/hr) significantly exceeded
the other treatments, followed by T2 (0.72 kcal/kg/hr), T3 (0.44 kcal/kg/hr) and T4
(0.38 kcal/kg/hr).
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Figure 5: The rate of energy consumed (kcal/kg/hr) of grass carp fingerlings in different
treatments during salinity stress.
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Discussion
Survival Rate
The current study results indicated that there were no significant differences
(P>0.5) between the treatments. These results are consistent with those of AbdelTawwab & Monier (2018), who observed no significant difference in the survival
rate of the common carp fed taurine-supplemented or control diet. However, the
current study did not agree with Jaaffar (2010) findings that grass carps have a
limited tolerance to sudden increases in salinity, with a survival rate of 0% recorded
at a salinity of 10 PSU. Furthermore, Saoud & Al-Shami (2006) demonstrated that
a sudden salinity increase to 9 PSU was lethal to grass carp within 48 hours,
whereas the same species was able to maintain a concentration of 8 PSU during a
168-hour experiment.
Serum Glucose Content
Serum biochemical parameters are important indicators of fish physiological
stress and can be used to promote fish health management (Lermen et al., 2004;
Jian et al., 2003). Environmental stress exposure in fish necessitates energy supply,
and glucose is an energy source derived from metabolism (Cho et al., 2015; Liu et
al., 2020). The current results showed that in grass carp fingerlings serum glucose
content significantly decreased after the 14th day of salinity exposure. This indicates
a stronger energy demand in grass carp adaptation to a hypertonic environment. T2
and T3 were lower than in the other treatments, which may imply that the fishes in
those treatments were more stressed, and had a greater energy demand. This is
consistent with Magalhães et al. (2019), who demonstrated that taurine can lower
blood glucose levels by interacting with insulin receptors. They also found that
taurine supplementation causes a decrease in the level of glucose in the blood of
white seabream Diplodus sargus. However, the results of Rodrigues et al. (2020)
are not agreeable with the results of the current study, as they reported that taurine
supplementation did not affect the physiological parameters of the blood, including
glucose level in the pirarucu Arapaima gigas. The high blood sugar level in T1 can
be attributed to the production of glucose after exposure to salt stress, which
contributes to stimulating the process of building glucose from non-sugar materials
(glyconeogenesis in the liver), in addition to taking glucose from the body (Nelson
& Cox, 2005).
Serum Total Protein Content
External stressors cause physiological responses in fishes, such as changes in
blood properties or indicators of energy consumption. Measuring the level of
protein in the blood is one of the important indicators which can reflect the level of
salt stress to which fishes are exposed (Martínez-Porchas et al., 2009).
After salinity exposure, the total protein content of grass carp fingerlings in T1
and T4 decreased and was significantly lower than in T2 and T3. It is possible that
the protein biosynthesis in the T1 and T4 was inhibited, or the biosynthesized
proteins were utilized for metabolic purposes, for example energy supply
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(McDonald & Milligan, 1992; Priya et al., 2012). The current study results suggest
that a decrease in serum total protein levels with an increasing period of salinity
exposure may be due to a decrease in fish appetite and a lack of food intake during
salinity exposure, which negatively affects the rate of protein assimilation in the
body (Plaut, 1998). High salinity leads to an increase in the metabolic rate, to fill
the high demand for energy to maintain the ionic and osmotic balance in the new
environment (Morgan & Iwama, 1991).
The decrease which occurred to a greater degree in the T1 (0% taurine)
compared to the other treatments is supported by the fact that taurine has a positive
effect on protein levels. This is consistent with Huang et al. (2021) who found that
the level of total protein in taurine-free treatment was lower than in other taurinesupported treatments.
The results of the current study did not agree with Rodrigues et al. (2020), who
showed that taurine supplementation did not affect the level of total protein and
other physiological parameters in the pirarucu A. gigas.
Oxygen Consumption and Energy Consumption Rate
The current study found that the rate of oxygen and energy consumption in the
T1 is higher than in other taurine-supported treatments. This indicates that the
addition of taurine has a positive effect on grass carp fingerlings in reducing the
rate of oxygen consumption and the amount of energy when exposed to salt stress.
This is in agreement with Yang et al. (2013), who showed that dietary taurine can
improve the tolerance of hypoxia in grass carp juveniles.
The change in salinity level is one of the most important factors affecting the life
of fishes, because of its direct effect on metabolic rate, oxygen consumption,
growth and survival rate (Jian et al., 2003). According to Dube & Hosetti (2010),
one of the physiological responses to salt stress in fishes is a change in the
respiratory rate. This was evident from the change in the rate of oxygen
consumption, which was often used to estimate the metabolic rate under conditions
of environmental imbalance. The difference in the rate of oxygen consumption that
occurs as a result of a change in salinity is due to increased activity in the active
transport of ions, which increases energy requirements to complete the process of
osmotic regulation (Sangiao-Alvarellos et al., 2003).
The active metabolism of oxygen consumption during stress to salinity, needs
additional energy to modify and stimulate the ion transport mechanisms in fishes. A
sufficient supply of energy at the right time is required to operate the mechanisms
of osmotic and ionic regulation in fishes where metabolic reorganization and
alterations in the intermediate metabolic pathways occur to meet the growing
demand for associated energy, adapt to the new environmental salinity (Mayzaud &
Conover, 1988; Gracia-López et al., 2006; Rocha et al., 2007; Tseng & Hwang,
2008).
The gills are assumed to be the most energy-consuming organs in fishes exposed
to high salt concentrations. The energy needs are met by the oxidation of glucose
and lactate obtained from the blood circulation. The liver is the main site of glucose

227

Salman & Sultan

processing in fishes (Perry & Walsh, 1989). Elevated liver metabolism in saltwater
acclimatized fishes leads to the preparation of the base material for the energy
necessary for metabolic processes in the gills (Nakano et al., 1997).
The results of the current study are consistent with those of Al-khshali (2011),
who found that increasing salinity had increased the rate of oxygen and energy
consumption in grass carp and goldfish. According to Jaaffar (2010), increasing
salinity levels resulted in a significant increase in the rate of oxygen consumption,
which was accompanied by a significant increase in the amount of energy expended
in both grass carp and common carp.
Conclusions
The current findings indicated that taurine has no effect on the survival rates of
grass carp fingerlings when exposed to a saline concentration of 10 PSU, but it does
contribute to an increase in total protein concentration, lowers the level of glucose
in the blood serum and slows the rate of oxygen and energy consumption when
grass carp fingerlings are exposed to salt stress.
Acknowledgement
Sincere thanks are also due to Dr Abdulkareem T. Yesser of the Marine Science
Centre, University of Basrah, Iraq for his valuable suggestions while revising the
manuscript.
References
Abdel-Tawwab, M. & Monier, M.N. (2018). Stimulatory effect of dietary taurine
on growth performance, digestive enzymes activity, antioxidant capacity, and
tolerance of common carp, Cyprinus carpio L., fry to salinity stress. Fish
Physiol. Biochem., 44(2): 639-649. DOI:10.1007/s10695-017-0459-8.
Al-khshali, M.S.M. (2011). Effect of different salt concentrations on some
physiological and nutritional aspects of grass carp Ctenopharyngodon idella
and goldfish Carassius auratus. Ph. D. Thesis, Coll. Agric., Univ. Baghdad:
120 pp. (In Arabic).
Alkhshali, M.S. & Alhilali, H.A. (2020). Raising of salt tolerance and survival rate
of Ctenopharyngodon idella using NaCl in feed. Indian J. Ecol., 47(12): 184189.
Aragặo, C.; Costas, B.; Vargas-Chacoff, L.; Ruiz-Jarabo, I.; Dinis, M.T.; Mancera,
J.M. & Coneicặo, L.E.C. (2010). Changes in plasma amino acid levels in a
euryhaline fish exposed to different environmental salinities. Amino Acids,
38: 311-317. DOI:10.1007/s00726-009-0252-9.
Brett, J.R. (1972). The metabolic demand for oxygen in fish, particularly
salmonids, and a comparison with other vertebrates. Respiration Physiol.,
14(1-2): 151-170. DOI:10.1016/0034-5687(72)90025-4.
Cho, H.C.; Kim, J.E.; Kim, H.B. & Baek, H.J. (2015). Effects of water temperature
change on the hematological responses and plasma cortisol levels in growing

Effect of taurine on grass carp fingerlings during salinity stress

228

of red spotted grouper, Epinephelus akaara. Dev. Rerprod., 19(1): 19-24.
DOI:10.12717/DR.2015.19.1.019.
DiMaggio, M.A.; Ohs, C.L. & Petty, B.D. (2009). Salinity tolerance of the
Seminole killifish, Fundulus seminolis, a candidate species for marine baitfish
aquaculture. Aquaculture, 293(1-2): 74-80. DOI:10.1016/j.aquaculture.
2009.04.009.
Dube, P.N. & Hosetti, B.B. (2010). Behaviour, surveillance and oxygen
consumption in the freshwater fish Labeo rohita (Hamilton) exposed to
sodium cyanide. Biotechnol. Anim. Husbandary, 26(1-2): 91-103.
DOI:10.2298/BAH1002091D.
El-Sayed, A.-F.M. (2014). Is dietary taurine supplementation beneficial for farmed
fish and shrimp? A comprehensive review. Rev Aquac 6(4):241255. DOI:10.1111/raq.12042.
Gracia-López, V.; Rosas-Vázquez, C. & Brito-Pérez, R. (2006). Effects of salinity
on physiological conditions in juvenile common snook Centropomus
undecimalis. Comp. Biochem. Physiol., Part A: Mol. Integ. Physiol., 145(3):
340-345. DOI:10.1016/j.cbpa.2006.07.008.
Herwig, N. (1979). Handbook of drugs and chemicals used in the treatment of fish
diseases. Charles C. Thomas Publ., Illinois: xv + 272 pp.
Hosoi, M.; Yoshinaga, Y.; Toyohara, M.; Shiota, F. & Toyohara, H. (2008).
Freshwater bivalve Corbicula sandai uses free amino acids as osmolytes
under hyperosmotic condition. Fish. Sci., 74: 1339-1341. DOI:10.1111/
j.1444-2906.2008.01662.x.
Huang, M.; Xiaogang, Y.; Zhou, Y.; Ge, J.; Davis, D.A.; Dong, Y.; Gao, Q.
& Dong, S. (2021). Growth, serum biochemical parameters, salinity tolerance
and antioxidant enzyme activity of rainbow trout (Oncorhynchus mykiss)
in response to dietary taurine levels. Mar. Life Sci. Technol., 3: 449-462.
DOI:10.1007/s42995-020-00088-2.
Huxtable, R.J. (1992). Physiological actions of taurine. Physiol. Rev., 72(1): 101163. DOI:10.1152/physrev.1992.72.1.101.
Jaaffar, R.S. (2010). The effect of salt stress on energy usage for osmoregulation
and growth in grass carp Ctenopharyngodon idella (Valenciennes, 1844) and
common carp Cyprinus carpio L. M. Sc. Thesis, Coll. Agric., Univ. Basrah:
134 pp. (In Arabic).
Jacobsen, J.G. & Smith, L.H. (1968). Biochemistry and physiology of taurine and
taurine derivatives. Physiol. Rev., 48(2): 424-511. DOI:10.1152/physrev.
1968.48.2.424.
Jian, C.-Y.; Cheng, S.-Y. & Chen, J.-C. (2003). Temperature and salinity tolerances
of yellowfin seabream, Acanthopagrus latus, at different salinity and
temperature levels. Aquac. Res., 34(2): 175-185. DOI:10.1046/j.1365-2109.
2003.00800.x.
Lawson, E.O. & Alake, S.A. (2011). Salinity adaptability and tolerance of hatchery
reared comet goldfish Carassius auratus (Linnaeus 1758). Int. J. Zool. Res.,
7(1): 68-76. DOI:10.3923/ijzr.2011.68.76.

229

Salman & Sultan

Lermen, C.L.; Lappe, R.; Crestani, M.; Vieira, V.P.; & Gioda, C.R. (2004). Effect
of different temperature regimes on metabolic and blood parameters of silver
catfish Rhamdia quelen. Aquaculture, 239(1-4): 497-507. DOI:10.1016/
j.aquaculture.2004.06.021.
Li, P.; Mai, K.; Trushenski, J. & Wu, G. (2009). New developments in fish amino
acid nutrition: Towards functional and environmentally oriented aquafeeds.
Amino Acids, 37(1): 43-53. DOI:10.1007/s00726-008-0171-1.
Liu, C.; Ge, J.; Zhou, Y.; Thirumurugan, R.; Gao, Q. & Dong, S. (2020). Effects of
decreasing temperature on phospholipid fatty acid composition of different
tissues and hematology in Atlantic salmon (Salmo salar). Aquaculture, 515:
734587. DOI:10.1016/j.aquaculture.2019.734587.
Lovell, R.T. (1989). Nutrition and feeding of fish. Van Nostrand Reinhold, New
York: xi + 260 pp. DOI:10.1007/978-1-4757-1174-5.
Luz, R.K.; Martínez-Álvarez, R.M.; De Pedro, N. & Delgado, M.J. (2008). Growth,
food intake regulation and metabolic adaptations in goldfish (Carassius
auratus) exposed to different salinities. Aquaculture, 276(1-4): 171-178.
DOI:10.1016/j.aquaculture.2008.01.042.
Magalhães, R.; Martins, N.; Martins, S.; Lopes, T.; Diáz-Rosales, P.; PousãoFerreira, P.; Olivia-Teles, A. & Peres, H. (2019). Is dietary taurine required
for white seabream (Diplodus sargus) juveniles? Aquaculture, 502: 296-302.
DOI:10.1016/j.aquaculture.2018.12.019.
Marengoni, N.G.; Albuquerque, D.M.; Mota, F.L.S.; Passos-Neto, O.P.; Silva-Neto,
A.A.; Silva, A.I.M. & Ogawa, M. (2010). Performance and sexual proportion
in red tilapia under inclusion of probiotic in mesohaline water. Arch. Zootec.,
59(227): 403-414.
Martínez-Porchas, M.; Martínez-Córdova, L.R. & Ramos-Enriquez, R. (2009).
Cortisol and glucose: Reliable indicators of fish stress? Panam. J. Aquat. Sci.,
4(2): 158-178.
Mayzaud, P. & Conover, R.J. (1988). O:N atomic ratio as a tool to describe
zooplankton metabolism. Mar. Ecol. Prog. Ser., 45(3): 289-302. DOI:
10.3354/ meps045289.
McDonald, D.G. & Milligan, C.L. (1992). Chemical properties of the blood. In:
Hoar, W.S.; Randall, D.J. & Farrell, A.P. (eds.). Fish physiology, V. XII. Part
B. The cardiovascular system. New York, USA: Academic Press: 55-135.
Morgan, J.D. & Iwama, G.K. (1991). Effects of salinity on growth, metabolism,
and ion regulation in juvenile rainbow trout and steelhead trout
(Oncorhynchus mykiss) and fall Chinook salmon (Oncorhynchus
tshawytscha). Can. J. Fish. Aquat. Sci., 48(11): 2083-2094.
DOI:10.1139/F91-247.
Nakano, K.; Tagawa, M.; Takemura, A. & Hirano, T. (1997). Effects of ambient
salinities on carbohydrate metabolism in two species of tilapia Oreochromis
mossambicus and O. niloticus. J. Fish., 63(3): 338-346. DOI:10.2331/
fishsci.63.338.

Effect of taurine on grass carp fingerlings during salinity stress

230

Nelson, D.L. & Cox, M.M. (eds.). (2005). Lehninger principles of Biochemistry, 4th
edition, W.H. Freeman Co., New York: 4380 pp.
Nordlie, F.G. & Leffler, C.W. (1975). Ionic regulation and the energetics of
osmoregulation in Mugil cephalus Lin. Comp. Biochem. Physiol., Part A,
Physiol., 51(1A): 125-131. DOI:10.1016/0300-9629(75)90424-7.
Perry, S.F. & Walsh, P.J. (1989). Metabolism of isolated fish gill cells:
Contribution of epithelial of chloride cells. J. Exp. Biol., 144(1): 507-520.
DOI:10.1242/ jeb.144.1.507.
Plaut, I. (1998). Comparison of salinity tolerance and osmoregulation in two closely
related species of blennies from different habitats, Fish Physiol. Biochem.,
19: 181-188. DOI:10.1023/A:1007798712727.
Priya, B.P.; Vijaya, R. & Maruthi, Y. (2012). Acute toxicity effect of imidacloprid
insecticide on serum biochemical parameters of fresh water teleost Channa
punctatus. Int. J. Integr. Sci. Innov. Technol. (IJIIT), 1(2): 18-22.
Rocha, A.J.S.; Gomes, V.; Ngan, P.V.; Passos, M.J.A.C.R. & Furia, R.R. (2007).
Effects of anionic surfactant and salinity on the bioenergetics of juveniles of
Centropomus parallelus (Poey). Ecotoxicol. Environ. Saf., 68(3): 397-404.
DOI:10.1016/j.ecoenv.2006.10.007.
Rodrigues, A.P.O.; Silva, M.C.N.; Beretta, E.S.; Fonseca, F.A.L.; Parisi, G.;
Conceição, L.E.C. & Gonçalves, L.U. (2020). Effect of dietary taurine
supplementation on the growth and blood physiological parameters of
juvenile pirarucu. Acta Amaz., 50(4): 289-294. DOI:10.1590/18094392201904361.
Salze, G.P. & Davis, D.A. (2015). Taurine: A critical nutrient for future fish feeds.
Aquaculture, 437: 215-229. DOI:10.1016/j.aquaculture.2014.12.006.
Sangiao-Alvarellos, S.; Laiz-Carrión, R.; Guzmán, J.M.; del Río, M.P.M.; Miguez,
J.M.; Mancera, J.M. & Soengas, J.L. (2003). Acclimation of Sparus auratus
to various salinities alters energy metabolism of osmoregulatory and
nonosmoregulatory organs. Am. J. Physiol. Regul. Integr. Comp. Physiol.,
285(4): 897-907. DOI:10.1152/ajpregu.00161.2003.
Saoud, H.A. & Al-Shami, I.J. (2006). Sodium chloride tolerance of grass carp,
Ctenopharyngodon idella Val., 1844 fingerling. Mesop. J. Mar. Sci., 21(2):
146-153.
Schuller-Levis, G.B. & Park, E. (2003). Taurine: New implications for an old
amino acid. FEMS Microbiol. Lett. 226(2): 195-202. DOI:10.1016/S03781097(03)00611-6.
Sundararajan, R.; Bharampuram, A.K. & Koduru, R. (2014). A review on
phytoconstituents for nephroprotective activity. Pharmacophore, 5(1): 160182.
Svobodová, Z.; Pravda, D. & Paláckova, J. (1991). Unified methods of
haematological examination of fish. Research Institute of fish culture and
hydrology. Vodnany, Czechoslovakia: 31 pp.

231

Salman & Sultan

Taher, M.M. (2017). Laboratory experiments on cultivation of grass carp
Ctenopharyngodon idella (Valenciennes, 1844). Basrah J. Agric. Sci., 30(2):
91-98. DOI:10.37077/25200860.2017.57.
Taher, M.M.: Muhammed, S.J.: Mojer, A.M. & Al-Dubakel, A.Y. (2022). The
effect of some food additives on growth parameters of grass carp
Ctenopharyngodon idella fingerlings. Basrah J. Agric. Sci., 35(1): 120-131.
DOI:10.37077/ 25200860.2022.35.1.10.
Tseng, Y.-C. & Hwang, P.-P. (2008). Some insights into energy metabolism for
osmoregulation in fish. Comp. Biochem. Physiol., Part C: Toxicol.
Pharmacol., 148(4): 419-429. DOI:10.1016/j.cbpc.2008.04.009.
Yang, H.; Tian, L.; Huang, J.; Liang, G. & Liu, Y. (2013). Dietary taurine can
improve the hypoxia-tolerance but not the growth performance in juvenile
grass carp Ctenopharyngodon idellus. Fish Physiol. Biochem., 39(5): 10711078. DOI:10.1007/s10695-012-9763-5.

