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ABSTRACT

Article info.

The present study was to investigate the effects of different salinities (0
(control), 3, 6, 9, 12, 15%) in striped catfish (Pangasianodon
hypophthalmus) at larvae stage. Four-hundred individuals were randomly
distributed to each 500-L composite tank (containing 250-L water) in trip-
licates. After 60 days, fish was sampled to determine survival rate, growth
performance, hematological parameters, stress response indicators, and
enzymatic activities. The results showed that the survival rate was highest
in 6%o (60.9%) and lowest in 15%o (1.25%) (p<0.05). Fish exposed to
salinities from 0 to 9%, showed an increasing trend in growth. The
osmolality of fish reared in 9 and 12%. was significantly higher than that
in the lower salinities (p<0.05). Similarly, concentrations of Na*, K*, and
Clincreased remarkably at high salinities. Chymotrypsin and trypsin ac-
tivities were reduced by increased salinities (p<0.05), which were lowest
at 15%o (69.2+2.46 U/min/mg protein and 1.46+0.01 mU/min/mg protein,
respectively). Stress indicators such as glucose and cortisol concentrations
were not significantly depended on the salinity in the range of 0 to 12%o.
Striped catfish larvae showed an adaptable response to high salinity and
the appropriate salinity range for larvae rearing was below 6%o.
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1. INTRODUCTION change have seriously affected animal and human

Striped catfish (Pangasianodon hypophthalmus) is
an important aquaculture species in the Mekong
Delta, Vietnam. This species has a long historical
development of culture. The total cultured area, pro-
duction, and export turnover of this species reached
5,485 ha, 900,429 tons, and 1.12 billion USD, re-
spectively (Vietnam Association of Seafood Export-
ers and Producers [VASEP], 2020). The main pro-
duction areas are in Dong Thap and An Giang prov-
inces and Can Tho city. In recent years, salinity in-
trusion and temperature increase due to climate

living. The increase of temperature and sea-level
rise have been mostly concerned in this delta; the
sea level rise was projected to be 75 cm (52 - 106
cm) at the end of this century causing salinity intru-
sion into the inland (Ministry of Natural Resources
and Environment [MONRE], 2016). Nguyen et al.
(2014) built a model that evaluated the effect of sea-
level rise and saltwater intrusion for three sea-level
rise scenarios (+30, +50 and +75 cm) on the striped
catfish culture industry, the results revealed that sev-
eral coastal regions such as Can Tho, Soc Trang, and
Ben Tre provinces were reported to have negative
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impacts by saltwater intrusion at different levels. In
teleost, osmoregulation capacity when exposed to
different salinities is one of the most important
markers that directly decides their tolerances and
living habits (\VVarsamos et al., 2005). Previous re-
search on striped catfish found that salinity affected
embryonic development, physiological responses,
growth rate and survival at juvenile stages (Huong
& Quyen, 2012; Phuc et al., 2014). In terms of he-
matology, the increase of salinity caused the de-
crease of blood hematocrit (Hosseini et al., 2011).
Acute exposure to salinity also significantly reduced
the number of red blood cells in striped catfish (Ane
et al., 2019). Regarding stress impacts, a hyperos-
motic environment increases stress indicators as
glucose and cortisol in a short term, but fish can
adapt to the changes in long-term exposure (Thao et
al., 2013). Besides, it is found that salinity cause in-
creasing digestive enzymatic activities in some eu-
ryhaline species. Particularly, American shad (Alosa
sapidissima) incubated and reared in freshwater be-
fore experimentation showed higher activities in
some digestive enzymes in fish subject to 21%. com-
pared to the corresponding fish in freshwater and
lower salinity conditions (Hamed et al., 2016; Tsu-
zuki et al., 2007). Salinity up to 9%o. also increased
the amylase activities in snakehead fish (Channa
striata) but that was decreased at 12 and 15%o (Tinh,
2013). Previous findings indicate that hyperosmotic
environment affects growth performance and phys-
iological responses. However, the knowledge on the
effects of salinity on growth, hematological, physi-
ological and enzymatic activities of fish at the larvae
stage has been unknown largely, especially on
striped catfish. Therefore, this research was con-
ducted to evaluate the responses of fish exposed to
elevated salinity conditions to provide knowledge
for the technical adaptation of striped catfish under
the context of salinity change.

2. METHODS
2.1. Materials

Striped catfish larvae of 24-hour post-hatching were
collected from the hatchery of Viet-Uc company (in
An Giang province). The larvae were acclimated 1-
day in-tank conditions. The high salinity seawater
(80-90%o) was treated with 30 mg/L chlorine and di-
luted with fresh water to desirable salinities.

2.2. Determination of salinity tolerance

The experiment was set up in 20-L plastic container
(containing 5-L water) in triplicate. Twenty larvae
were stocked into each container. Salinity was
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increased 1%o per 3 hours until fish mortality was
around 50%. This salinity level was considered as sa-
linity tolerance of larvae.

The results showed that the larvae reduced behavior
in salinity of 13%0 and it completely stopped at
14%o. The mortality was 10% and 50% when the sa-
linity increased to 15%. and 17%., respectively.
Therefore, the salinity tolerance in striped catfish
larvae was estimated at 17%o. Based on the results,
6 levels of salinity (0, 3, 6, 9, 12, 15%0) were chosen
for the next experiment.

2.3. Effects of salinity on growth rate from
larvae to fry

2.3.1. Experimental design

The experiment was organized in a completely ran-
domized design with triplicate of 6 treatments in-
cluding 0 (control), 3, 6, 9, 12, 15%o in 500-L (con-
taining 250-L water) composite tank. The stocking
density was 400 larvae per tank. The salinity was in-
creased 1%o per 8 hours, the higher salinity treat-
ments were initiated before the lower salinities to
have all treatments reach desirable salinity at the
same time. The experiment was implemented in 60
days.

Fish were fed thrice daily at 7:00, 12:00, and 17:00
hour. Larvae of 24-36 hours post-hatching (yolk-sac
absorption completed) were fed rotifer (Brachionus
plicatils) with a density of 500 ind/mL. Moina was
then replaced by rotifer from the day 3 to 15 with a
density of 16 t020 ind/mL. Fish were fed with pow-
dered commercial feed during day 15 to 30 (42%
protein); crumble feed during day 30 to 45 (42%
protein), and 0.6 mm to 0.8 mm pellet feed during
day 45 to 60 (35% to 40% protein). The feed used
for experiment from the Cargill company.

All tanks were continuously aerated during the ex-
periment. During the weaning period from live feed
to commercial feed (30-day post-stocking), waste
from the tank bottom were siphoned in combination
with 30% water exchange every 3 days. Water qual-
ity such as dissolved oxygen (DO), pH, and temper-
ature were checked twice daily in the morning and
afternoon. Nitrite (NO2) and TAN concentrations
were weekly recorded using methods (Griess
llosvay and Diazonium and Indophenol blue).

2.3.2. Sampling methods

Fish length and weight were measured from 10
fish/tank on day 30 and 45. All fish were weighed at
the end of the experiment (day 60). Fish growth in-
dicators were calculated for weight gain (WG), daily
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weight gain (DWG) and specific growth rate (SGR).
Mortality was daily recorded to calculate survival
rate. Blood samples were also collected at day 60.
Heparinized 1-mL syringe (needle 26G x1/2") was
used to draw blood from the caudal vein less than 3
min to avoid stressed fish (Abdel-Tawwab et al.,
2005). After that immediately red blood cell, white
blood cell, hemoglobin and hematocrit were evalu-
ated; the remaining blood sample was centrifuged at
6,000 rpm in 6 minutes at 4°C to collect serum to
analyze osmolality, sodium (Na*), chloride ion (CI)
concentration, glucose and cortisol. The stomach
and intestine were also collected (after drawing
blood) to analyze enzymatic activities including
trypsin, amylase, pepsin, and chymotrypsin.

2.3.3. Sample analysis methods

Physiological responses

Red blood cell (WBC) counts were determined by
diluting blood into Natt-Herrick and counting on
Neubauer hemocytometer (Huong & Tu, 2010). To-
tal leukocytes were counted up to 1,500 cells on
blood smear after natural drying, methanol fixing,
and Wright and Giemsa staining. Hemoglobin was
measured by Drabkin solution (Oser, 1965). Fresh
heparinized blood was centrifuged in microhemato-
crit tubes at 12.000 g for 3 min to calculate hemato-
crit based on the volume rate of serum and blood
cells. The plasma osmolality was analyzed by using
a Micro Osmometer (Advanced Instruments Model
3300). lon Na* was measured by a Flame Photome-
ter (Sherwood model 420, Cambridge, UK). lon CI
was measured by a chloride titrator (Model 926S
MK I1, Sherwood, Cambridge, UK). Glucose con-
centration was measured by following the method of
Hugget and Nixon (1957). Regarding digestive en-
zymatic activities, the samples were thawed on ice
and homogenated with the buffer KH,PO4, 20 mM
and NaCl 6 mM and pH 6.9. The mixture was
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centrifuged in 30 min at 4,200 rpm and 4°C and then
supernatants were collected and stored at -80°C for
analyses. Trypsin and amylase were measured using
the methods of Tseng et al. (1982) and Bernfeld
(1951), respectively, while chymotrypsin and pep-
sin activities were measured by following the
method of Worthington (1982). Protein was deter-
mined using Biorad protein assay. Enzyme activities
are expressed as U mg proteint min™,

Survival and growth parameters

Survival rate (SR, %) = (No. of fish at the end of the
experiment/No. of initial fish) x 100

Daily weight gain (DWG, g/day) = (Wf-Wi)/t
Specific growth rate (SGR, %/day) =[(Ln(Wf)-
Ln(Wi))/t] x 100

Where: Wi is the initial weight (g); Wf is the final
weight (g), and t is the experimental time (day).

2.4. Statistical methods

All the data were subjected to statistical analysis in-
cluding standard deviation (SD) and mean using Ex-
cel 2016. One-way analysis of variance (ANOVA)
together with DUNCAN tests were used to test for
significant differences (at a significant level of 0.05)
using SPSS 16.0.

3. RESULTS
3.1. Water quality parameters of the experiment

The environmental parameters such as temperature,
DO, pH, NOz, and TAN were showed in Table 1.
The DO, temperature, and pH had slight variation
among the treatments. However, NO;™ ranged from
0.10 to 0.20 mg/L and TAN ranged from 0.07 to
0.40 mg/L, which increased in the higher salinity if
compared to the control treatment ( freshwater treat-
ment). All water quality parameters were within
suitable ranges for fish growth (Boyd, 1998).

Table 1. Water quality parameters of experimental tanks during the experiment

Treatment 0%o 3% 6%o 9% 12%o 15%0
pH 7.59+0.11 7.60+0.025 7.534+0.08 7.51+0.11 7.66+£0.06  7.64+0.02
Temp (°C) 27.6£0.025  27.55+0.04  27.55+0.03  27.55+0.01 27.7£0.12  27.6+0.05
Oxy (mg/L) 5.08+0.04 5.39+0.05 5.26+0.09 5.49+0.09 5.49+0.06  5.34+0.22
NO; (mg/L) 0.10+0.03 0.17+0.03 0.19+0.02 0.20+0.02 0.14+0.03  0.16+0.02
TAN (mg/L) 0.07+0.05 0.27+0.08 0.39+0.05 0.40+0.01 0.16£0.11  0.16+0.02

Note: The values shown in the table were mean + SD.

3.2. Growth performance

All growth parameters showed the same pattern af-
ter 60 experimental days (Table 2). The growth per-
formance was insignificantly different in the salini-
ties from 0 to 12%o (p>0.05), in which the fish in

9%o had the best growth. The fish in 15%o had sig-
nificantly low in growth compared to that of other
treatments (p<0.05). The weight and length of fish
in 9%o and 15%o was 5.57+1.60 g; 8.43+0.67 cm and
1.5240.49 g; 6.00£0.30 cm, respectively.
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Particularly, the biggest and smallest SGR were
found in the treatments with 9%, and 15%. with
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14.3+£0.45 and 12.2+0.60 %/day, respectively
(p<0.05).

Table 2. Growth performance of fish after 60 days of culture in different salinities

Treatment/salinity (%o)

Parameter 0 3 6 9 T 15
Initial weight (g) 0.001 0.001 0.001 0.001 0.001 0.001
Final weight (g) 5.02+£0.10°  5.08+1.4°> 4.97+0.25> 5.57+1.60° 4.13£0.46° 1.52+0.49°
Final Length (cm) 8.23+0.25°  8.16£1.45°  830+0.46° 8.43+0.67° 7.90£0.50° 6.00+0.30?
DWG (g/day) 0.08+0.02°  0.08+0.03°  0.08+0.01°  0.09+0.03° 0.07+£0.01> 0.03+0.01?
SGR (%/day) 14.240.04°  14.240.47°  14.240.09°  14.3+0.45° 13.9£0.19> 12.2+0.60?
DLG (cm/day) 0.13+0.01°  0.13+£0.03°  0.13+£0.01°  0.14+£0.01° 0.13+0.01° 0.09+0.01?

Data shown in mean £ SD. Values with the same lowercase letter (a, b) in the same row were not significantly different

(p>0.05).
3.3. Survival rate

The lowest survival rate was recorded in treatment
with 15%o (1.25%) and was significantly different
from the other treatments (p<0.05). In the high sa-
linity treatments, fish mortality was mostly found
during the first 2 weeks of the experiment, espe-
cially in 15%o treatment. The survival rate in 6%o
treatment was highest with a value of 60.6% and sta-
tistically significant compared to the treatments of
9%o (30.9%), 12%o (8.33%) and 15%. (1.25%).

80
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Fig. 1. Survival rate of striped catfish after 60
days of culture at different salinities

Data shown in mean + SD. Values with the same lower-
case letter (a,b,c) in figure were not significantly differ-
ent (p>0.05).

3.4. Physiological parameters

The low survival rate (1.25%) and small fish weight
(1.5240.49 g) in 15%o treatment did not meet the re-
quirements for physiological parameter sampling.
Therefore, fish of 4 salinity treatments from 0 to
12%. were sampled for physiological responses.

3.4.1. Red blood cells, white blood cells,
hemoglobin (Hb) and hematocrit (Hct)

The results observed showed that the hematological
parameters such as RBCs, WBCs, hematocrit were
not affected by salinity (Table 4). RBCs ranged from
2.18+0.18 to 2.71£0.12 (x108 cells/mm?3); white
blood cells fluctuated from 85.3 £ 6.66 to 119+ 34.0
(x10% cells/mm?3) and hematocrit were obtained
from 41.0 = 1.19 to 48.9 + 6.24%. These indicators
tend to increase with the increased salinity but de-
crease at 12%o treatment. However, the highest Hb
concentration was recorded in treatment 6%o
(12.1£0.71 g/100 mL), but insignificantly different
compared to 9%o treatment (11.30+0.39 g/100 mL)
and 3%o treatment (10.92+1.36 g/100 mL) (p>0.05).
The lowest Hb concentration was in treatment 12%o
(9.11+£0.56 g /100 mL), which was significantly dif-
ferent from 6%o and 9%o treatments (p<0.05). Gen-
erally, the Hb concentration increased with elevated
salinities but decreased in the condition above 12%o.

Table 4. Number of red blood cells (108cells /mm?), white blood cells (10%cells/mm?), hemoglobin con-
centration (g/100 mL), and hematocrit (%) in the blood of striped catfish in different salinities

Treatment/salinity (%o)

Parameter 0 6 9 1
RBCs 2.54+0.382 2.57+0.132 2.71+0.128 2.48+0.472 2.184+0.182
WBCs 85.3+6.66% 100+10.78 111+16.62 86.3+13.0? 119+34.08
Hemoglobin 9.52+1.4® 10.92+1.36%¢ 12.1+0.71¢ 11.3+0.39b¢ 9.11+0.562
Hematocrit 42.3+3.37¢ 48.9+6.242 41.6+5.882 43.0+£2.578 41.0+1.192

Data shown in mean + SD. Values with the same lowercase letter (a,b,c) in the same row were not significantly different

(p>0.05).
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3.4.2. Glucose and cortisol concentration

The concentrations of glucose and cortisol increased
with elevated salinities. These parameters indicated
that the experimentally increased salinities elevated
the stress in striped catfish. The glucose concentra-
tion increased in the high salinity treatment of 12%o
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(97.0+£3.50 mg/100 mL), while lowest in the 0%o
(control) treatment (80.2+8.46 mg/100 mL) (Table
5). Similarly, cortisol concentrations increased but
no significant difference was found among the treat-
ments. The highest cortisol concentration was in
12%o treatment (105+ 24.0 ng/mL) and lowest was
in the 0%o treatment (84.1 + 14.1 ng/mL).

Table 5. Glucose and cortisol concentration in plasma under salinity effects

Treatment/salinity (%o)

Parameter 0 3 6 9 1
Glucose (mg/100 mL) 80.2+8.462 81.3+11.362 81.8+10.32 88.6£9.76%  97.0+£3.50?2
Cortisol (ng/mL) 84.1+14.12 88.24+8.832 93.0+10.228 93.0+8.772 105+£24.02

Data was shown in mean + SD. Values with the same lowercase letter in the same row were not significantly different

(p>0.05).
3.4.3. Osmolality, ion Na+, K+ and ClI-

The plasma osmolality and concentration of Na*;
K*; CI" of experimental fish were influenced at high
salinities (Table 6). The plasma osmolality in-
creased from the control treatment (273+2.52
mOsm/kg) to the 12%o treatment (289+1.00
mOsm/kg). The osmolalities at treatment 9%o and
12%o were significantly higher than that in the other
treatment (p<0.05). The Na*, K*, and CI" concentra-
tions in fish plasma increased with salinity from 0%o

to 12%o. Na* concentration increased from 107 mM
to 160 mM. The highest concentration of K* ion was
in the fish exposed to 12%o (13.7+0.72 mM), and the
lowest was in the fish in the control treatment 0%o
(8.50+0.25 mM). Similarly, Cl° concentration in-
creased from 101£7.47 mM to 119+£3.12 mM. The
concentration of Na*, K* ions at treatment 6%o was
significantly higher than that in the control, but the
Cl- concentration was only significantly different
from the control and 12%o treatment.

Table 6. Osmolarity (mOsm/kg) and Na*; K*; CI- concentrations (mM) of fish reared in different salin-

ities
Treatment/salinity (%o)
Parameter 0 3 6 9 o
Osmolality 273+2.522 274+3.462 276+4.352 286+1.15° 289+1.00°
lon Na* 107+2.352 1224112 130+16.2° 136+4.01° 16046.99¢
lon K* 8.50+0.252 9.40+0.50? 11.5+1.22° 12.7+0.53%° 13.7+0.72¢
lon CI- 107+3.97® 101£7.472 108+2.92% 115+3.12%¢ 11943.12°

Data shown in mean £SD. Values with the same lowercase letter (a, b, c) in the same row were not significantly differ-
ent (p>0.05).

3.4.4. Digestive enzyme activities

The highest chymotrypsin activity was found in the
treatment with 0%o (122+6.04 U/min/mg protein)
and significantly different from the 9%o, 12%o and
15%o treatments. By contrast, the lowest result was
recorded at 15%o (69.2+2.46 U/min/mg protein) and
was statistically different from the other treatments,
except the 12%o treatment. The highest trypsin ac-
tivity was found at the salinity level of 3%o

(2.90+0.73 mU/min/mg protein) and significant dif-
ference from treatment with 15%0 (1.46+0.01
mU/min/mg protein). The activity of amylase and
pepsin digestive enzymes was not significantly dif-
ferent among salinity levels though slight increases
were observed at 12 and 15%o salinity compared
with control (p>0.05). The activity of amylase and
pepsin fluctuated ranging from 3.10+0.50 to
4.55+0.81 and from 0.40 = 0.08 to 0.62 + 0.21
U/min/mg protein, respectively.
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Table 7. Digestive enzymes in the intestines and stomach of catfish under salinity effects

Treatment/salinity (%o)

Parameter 0 6 9 T 15

ggg;ﬁ)”yps'” (Umin/mg o5 604c 11245.03° 1084128 05.743.69° 78.4+10.6° 69.242.46°

Trypsin . 2.69+0.31% 2.90+0.73° 2.47+1.11% 1.95£0.53% 1.94+0.65% 1.46+0.012

(mU/min/mg protein

Amylase a a a a a a
. . 3.10+0.50° 3.26+0.52° 3.22+030° 3.49+043% 3.52+0.43% 4.55+0.81

(U/min/mg protein)

Pepsin 0.61+0.08% 0.49+0.03° 0.40£0.08% 045£022° 0.62£0.21% 0.44+0.072

(U/min/mg protein)

Data shown in mean + SD. Values with the same lowercase letter (a, b, ¢) in the same row were not significantly differ-

ent (p>0.05).
4. DISCUSSION
4.1. Growth performance

Previous studies (Lam et al., 2011; Thao et al., 2013;
Hoa 2014) showed that the striped catfish at the ju-
venile stage subjected to 9-10%o had the highest
weight in comparison with that in higher or lower
salinities. Nahar et al. (2016) reported that SGR in
fingerling climbing perch (Anabas testudineus) de-
creased with the increase of salinitiy in the range of
0 to 15%o after 60 days rearing. In addition, larvae
snakehead (Channa striata) showed high growth
rate at 0 and 3% after 90 days rearing (Huong et al.,
2020). It is clear that each species has the best
growth at specific salinity levels, and the present
study proved that the level of 9% is the optimal con-
dition for growth performance in striped catfish at
larvae to fry stages. This can be explained by the fact
that 9% is the iso-osmotic point of the striped cat-
fish (Huong & Quyen, 2012; Phuc et al., 2014), so
the fish utilizes less energy for regulating osmotic
pressure and other metabolic processes leading to
the optimal growth performance of fish.

4.2. Survival rate

Fish feeding was gradually changed from live feed
to commercial pellet (during larvae stage) and this
might have led to scattered mortality in all treat-
ments. In addition, although striped catfish is the
freshwater species but the survival rate in freshwater
environment (43.3%) was lower than the survival
rate in the environment with 6%o (60.6%) and 3%o
(47.5%). Quyen (2011) reported that the striped cat-
fish at larvae stage cultured in different salinities (0,
1,3,5,7 and 9%o) in 60 days had the highest survival
rates in 1%o treatment (46.2%), which was similar to
the present study’s results (43.3%), but the lowest
survival rate was in 9%o treatment (17.8%), which
was much lower compared to the findings of this

study (30.9%). In the present study, fish of the high
salinity (9, 12 and 15%o) treatments showed low ap-
petite during experiment and this caused in high mo-
tality rate. This similar to A. testudineus fingerling,
showed high appetite towards food between 0 and
6%o0 with survival rate of 100%. While at salinities
12%o, 15%o the fish showed moderate and low appe-
tite with survival rate of 60% and 20%, respectively
(Nahar et al., 2016).

4.3. Physiological parameters

The increases of hematocrit concentrations were re-
lated to the loss of a high quantity of water because
of the difference between the internal and external
environmental ions concentrations, while the in-
crease of RBC may result from the increase of ox-
ygen consumption owing to the increase of energy
requirement (Al-Hilali & Al-Khshali, 2016). The in-
crease of RBC caused elevated of Hb concentartion
at salinities lower 9%o. These changes can be also
explained by changes in the water content in blood
when the fish exposed to a hyperosmotic environ-
ment. The fish would be lose water passively at the
beginning of expose, that resulted increase in the
concentration of blood-cell elements (Martinez-Al-
varez et al., 2002). However, the salinity exceeding
9%o caused the decreased trend of RBCs, and hem-
atocrit concentrations due to the increase of osmo-
lality can reduce the volume of RBCs, and thus Hct
values also decrease (Hosseini et al., 2011). Be-
sides, at the salinity of 9%, relatively estimated as
iso-osmotic point in striped catfish (Huong &
Quyen, 2012), the internal and external osmolality
was in equilibrium. Therefore, metabolic activities
and physiological parameters gradually stabilized
(Smith, 1982; Evans, 1993). In current study, the
RBCs, Hb and hematocrit concentrations slightly
decreased at salinity higher 9%o. Similarly, the study
of Huong et al. (2020) on striped snakehead showed
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that these indicators gradually decreased with in-
crease of salinity.

Generally, stress increases plasma glucose that pro-
vides energy for animals to respond to stress. Due to
the acclimation time of 60 days, the fish gradually
stabilized and accustomed to the salinity environ-
ment. Therefore, the glucose concentration among
treatments was not significantly different. Mar-
tinez-Porchas et al. (2009) suggested that there are
some cases that the plasma glucose content only
slightly increased or unchanged under shocked or
stressed effects. In the study on effect of salinity on
fingerling striped catfish, it was found that six dif-
ferent salinity levels (0, 2, 6, 10, 14, 18%.) affecting
striped catfish. The glucose concentration increased
with an increase in salinity, the highest values were
found after 6 hours in treatments of 14 and 18%o
(90.4 and 102 mg/100 mL). Besides, the cortisol
concentration was highest in the treatments of 18%o
(28,505 pg/mL), which was significantly different
from the treatment of control (Thao, 2013). How-
ever, the author also found that the plasma glucose
and cortisol levels in all treatments started to de-
crease at 4 days of experiment and there was an in-
significant difference among treatments after 14
days (Thao, 2013).

The plasma osmolality found from the present study
was in line with the results reported by Huong et al.
(2008) that the iso-osmotic point in striped catfish
fingerling size was at 9%o (270 mOsm/kg). In addi-
tion, Huong and Quyen (2012) study on striped cat-
fish from larvae to juvenile stages showed that the
plasma osmolality increased from 0-11%o. (225-302
mOsm/kg) and iso-osmotic point in larvae was also
at 9%o (297 mOsm/kg). Each fish had its tolerance
to salinity and the optimum range for its develop-
ment; and the ability to tolerate the salinity of fish
depends on the method of acclimation. In the exper-
iment, the salinity was increased by 1%o per 8 hours,
this could have enough time for fish to adapt to the
increased salinity, therefore the plasma osmolality
in 12%o treatment (289+1 mOsm/kg) was signifi-
cantly different (p<0.05) from that of 0, 3 and 6%eo
salinity treatments, but insignificantly different
from that of 9% treatment (286+1.15 mOsm/kg).
Being a freshwater species, striped catfish trans-
ferred into brackish water must constantly discharge
salt and keep a certain amount of water to maintain
the internal environment. Most of the food-based
water entering the digestive tract was absorbed into
the bloodstream. Only water-soluble ions with a va-
lency of 1 (as Na*; K*, and CI") were absorbed, while
most ions with a valency of 2 (Ca?* and Mg?*) were
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excreted through feces with a few of them being ab-
sorbed (Tuan, 1981). Another research on striped
catfish showed that the concentration of Na* in the
plasma increased from 71 mM to 163 mM with an
increase of salinity from 0%o to 23%o; and Na* iso-
osmotic point of larvae stage was about 9%o (97+7
mM) (Quyen, 2011). Itis clear that salinity increases
the concentration of Na*, K*, and CI. This was sup-
ported by Lam et al. (2010) that Na*, K*, and CI
concentrations gradually increased in fish subjected
from 0 to 15%o with concentrations of 135-197 mM,
8.4-8.7 mM, and 106-116 mM, respectively. Be-
sides, hybrid yellow catfish cultured in different sa-
linities from 0 to 18%o gradually elevated osmolal-
ity, Na*, and CI- (Nam & Huong, 2011).

4.4. Enzymatic activities

The effect of salinity changes on digestive enzy-
matic activities in the experiment showed that salin-
ity caused an increase of enzyme activities and may
also inhibit enzymatic activities if it exceeds the ap-
propriate salinity ranges of species (Chen,1998; Yin
et al., 2010). Environmental salinity may affect the
enzymatic activities in teleost fish. This could be ex-
plained by the changes in pH and ion strength in the
digestive tract through water ingestion or excretion
during osmoregulation activity. Besides, it may re-
late to homeostasis maintainability, requiring higher
food intake and then increased enzymatic activity
(Barman et al., 2005; Beeuf and Payan, 2001; Pu-
jante et al., 2018; Usher et al., 1990). When the
freshwater species transferred in to brackish water,
the fish must constantly excrete salt (ion Na*, CI")
and keep a certain amount of water to maintain the
stable osmolality. The movement electrolyte ion can
be accomplished by facilitated diffusion and active
transport. Active transport requires energy in the
form of ATP conversion (Molnar & Gair, 2013).
However, at the iso-osmotic point, fish consume
less energy for regulating the osmotic pressure and
other activities (Lisboa et al., 2015). Hoa (2014) re-
ported that enzymatic activities in striped catfish in-
creased with elevated salinities 0, 3 and 6%o, and
reached the highest value in 9%o treatment, but de-
creased at 12 and 15%o treatments after 56 days.
Similarly, the activity of amylase in snakehead fish
(Channa striata) tended to increase in treatments of
3, 6 and 9%, followed by the decrease of activities
at 12 and 15%o.. It was demonstrated that high salin-
ity affected the amylase activity in the fish intestine
(Tinh, 2013). In the present study, high salinity re-
sulted in the decrease of trypsin and chymotrypsin
activities as well as the appetite and digestion of the
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fish. Those reasons lead to a decreased in growth
and survival rate on striped catfish.

5. CONCLUSIONS

Striped catfish larvae grew well in a range of salinity
from 0 to 9%o. The survival rate of fish was the high-
est at 6%o. Digestive enzyme activities and plasma
osmolality were not affected in the salinity at 6%o. It
is sugguested that the optimal salinity for striped
catfish larvae rearing was in the range of from 0 to
6%o.
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