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Abstract. A strain of salinity-tolerant striped catfish (Pangasianodon hypophthalmus) (fingerling size; 
15.5±0.09 g each) was used for this experiment. The effects of combined acidic sulfate water and 
salinity on fish growth performance, survival rate, and digestive enzyme activities were assessed. 
Selected fish were allocated in a completely randomized design with triplicates of nine treatments, 
including three pH levels (5.5, 6.5 and 7.5) combined with three salinity levels (3, 6 and 9‰). The 
results indicate that there was an interaction effect of pH and salinity on the growth parameters, survival 
and feed conversion ratio (FCR) of fish after 60 days of culture (p < 0.05). Fish in the treatment with pH 
6.5 and 3‰ salinity presented the highest weight (52.1±0.56 g), while the lowest weight was observed 
in the treatment with pH 5.5 and 9‰ salinity. Similarly, daily weight gain (DWG) and specific growth 
rate (SGR) were highest in the pH 6.5 and 3‰ salinity treatment (p < 0.05). There were significant 
differences among all treatments (p < 0.05) regarding FCR. The lowest and highest FCR values were in 
the treatments with pH 6.5 and 3‰ salinity (1.04) and pH 5.5 and 9‰ salinity (1.8), respectively. Fish 
in the treatment of pH 5.5 and 9‰ salinity showed very low survival rates when compared to other 
treatments. The results suggest that acidic sulfate water with a slightly low pH (pH 6.5) and salinity of 
3‰ could be considered a suitable environment for salinity-tolerant striped catfish. Moreover, our 
results confirm that a slightly acidic sulfate water environment with a pH of 6.5 is good for catfish 
culture. 
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Introduction. Striped catfish (Pangasianodon hypophthalmus) is an important 
commercial freshwater fish cultured in the Mekong Delta and has been considered one of 
the world's most successful aquaculture developments (De Silva & Phuong 2011). The 
meat products from this species have been exported to 140 countries (Hasan et al 2019). 
The export value of striped catfish in 2022 was US$ 1.54 million from a farming area of 
approximately 5400 ha (VASEP 2021). However, the striped catfish farming industry has 
been facing many serious challenges, including increasing salinity intrusion in the culture 
area due to climate change (Hai et al 2020) and water contamination from acidity (MARD 
2017). According to RCP 8.5 (RCP - Representative Concentration Pathways), it has been 
predicted that an increase in temperature and sea level rise would mostly be 
concentrated in this delta due to the sea level rise projected to be 73 cm (49-103 cm) 
along the entire coastal area by 2100, resulting in salinity intrusion into inland areas 
(MONRE 2016). As a consequence, some aquaculture industries could be impacted, 
especially in freshwater aquaculture regions. Although Hieu et al (2021) revealed that 
larval striped catfish could be reared up from 5 to 10‰ salinity, a study by Ha et al 
(2021) showed an increasing trend in growth when striped catfish were exposed to 
salinities ranging from 0 to 9‰. Furthermore, Hai et al (2022) reported that salinity-
tolerant striped catfish had a better tolerance to salinity when compared to freshwater 
striped catfish.  
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Notably, the area of acidic sulfate soils in Vietnam was found to be 1.8 million 
hectares, accounting for 5.5% of the country's total area. Over 1.6 million hectares of 
this type of land exist in the Mekong Delta region, with pH being as low as 3.5 (Khang et 
al 1998; MARD 2017). Drainage from these acidic sulfate soil regions lower water pH, 
which could interfere with its aquatic biota, especially after heavy rain events flush 
massive amounts of sulfuric acid and toxic, heavy metals into water associated with acid 
sulfate soil, resulting in fish mortality (White et al 1997), diseases (e.g., outbreaks of 
epizootic ulcerative syndrome), as well as reproduction, recruitment and growth 
problems for cultured species (Sammut et al 1995). The effects of lower pH have been 
reported in previous studies. For example, Sahu & Datta (2018) noted the optimal pH 
range of juvenile Trichogaster lalius to be 6.5 to 7.0, while Ndubuisi et al (2015) reported 
an optimal pH range of 6.0 to 7.0 for Clarias gariepinus fry. The growth performance of 
silver catfish (Rhamdia quelen) was significantly lower when the fish were raised at pH 
6.0 and 7.0 when compared to higher pH levels, and deaths were found at pH 5.5 after 
21 days of exposure (Lopes et al 2001). Copatti et al (2005) studied the influences of low 
pH on R. quelen and concluded that fish reared at pH 5.2-6.5 presented lower growth 
when compared to fish cultured at pH 7.5. Darmawan et al (2021) reported that a 
decrease in catfish (Pangasius sp.) survival was found when pH reached 4.0, with all 
experimental fish dying at a pH below 3.0. Additionally, reduced pH resulted in an 
increase in the plasma cortisol concentration due to the non-specific immunity of fish 
(Brown et al 1990). 

However, these studies only focused on a single factor. As such, the present study 
aimed to elucidate the combined effects of acidic sulfate water and salinity at different 
levels on the growth and survival of a salinity-tolerant strain of striped catfish at the 
fingerling stage. 
 
Material and Method 
 
Experimental materials. The study was conducted from June 2022 to September 2022 
at the College of Aquaculture and fisheries – Can Tho University. Selected salinity-
tolerant striped catfish fingerlings from a selective breeding programme for salinity 
tolerance at Can Tho University were used in this study. Briefly, fish were reared in 10‰ 
salinity water until broodstock size (3-5 kg fish-1). The broodstock were then cultured for 
maturation in 5‰ salinity water and spawning was artificially induced. After hatching, 
larvae were reared in a freshwater environment until the fingerling stage with a body 
weight of 15 to 20 g. 

High-salinity water (80-100‰) was purchased from Vinh Chau district, Soc Trang 
province. Saline water was treated with chlorine (30 ppm) and aerated for 24 hours. The 
disinfected saline water was then diluted with tap water to the desired salinities. 

Acidic sulfate soils were collected from an acid-contaminated location in Hoa An 
district, Hau Giang province. Acidic sulfate soils were mixed with tap water (ratio 1:1, 
v:v) to obtain highly acidic water with a pH of approximately 2.5-3.0. This low-pH water 
was then diluted with tap water to obtain various experimental pH levels. 

 
Experimental design. The experiment was assigned in a completely randomised design 
with a triplicate of nine treatments. The experiment was conducted with three pH levels 
(5.5, 6.5 and 7.5) combined with three salinity (S) levels (3, 6 and 9‰). The 
experimental system was designed as a simple recirculating system consisting of three 
cultured tanks and one settling tank. All tanks had the same volume of 500 L (containing 
300 L of water). Each tank was stocked with 40 fish. Salinity in the experimental tanks 
was increased by 1‰ every 8 hours, starting with higher-salinity treatments and 
followed by the lower-salinity treatments to have all the treatments reach the desired 
salinities simultaneously. Regarding pH levels, acidic sulfate water with low pH (2.5-3) 
was diluted with tap water to achieve the target pH levels. The pH in the lowest pH 
treatments was reduced first by 0.25 units every 2 hours until reaching the desired pH, 
followed by treatments with higher pH levels. The experimental period commenced when 
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the salinity and pH in all the treatments reached the desired levels. The experimental 
period was 60 days. 

Fish were fed twice daily at 8:00 am and 4:00 pm at a saturated level using a 
commercial pellet (Aquaxcel-Cargill, coded 7444, 30% crude protein). After 30 minutes, 
uneaten pellets in the tanks were removed and quantified for the feed conversion ratio 
(FCR) calculation. Water was changed twice a week by siphoning 30% at the bottom and 
replacing it with the appropriate salinity and acidic sulfate water for each treatment.  
 
Sample analysis methods  
 

Water quality parameters. The water quality parameters (e.g., pH and temperature) were 
recorded daily using a LAQUAtwin pH-22 (Horiba, Japan) meter at 8.00 am and 2.00 pm. 
Dissolved oxygen (DO) was measured by WTW-conventional portable meters ProfiLine 
Oxi 3205 twice per week. Nitrite (NO2

-) and total ammonia nitrogen (TAN) were 
measured once per week using the Griess llosvay, Diazonium and Indophenol blue 
methods, respectively. Sulfate (SO4

2-) was measured using the method of APHA (2017), 
while total Al and Fe at the beginning and end of the experiment were measured using 
the methods described by APHA (1995). 

 

Growth parameters. Growth sampling was accomplished on days 30 and 60 of the 
experimental period. Individual weight was recorded to the nearest gram. At the end of 
the experiment, the number of fish in each tank was counted to calculate the survival 
rate (SR). The growth performance was determined based on parameters such as daily 
weight gain (DWG), specific growth rate (SGR), SR and FCR: 
 

Survival rate (SR, %) =          
   

×100 

Daily weight gain (DWG, g day-1) =   

Specific growth rate (SGR, % day-1) = ( ) ( ) ×100 

Feed conversion ratio (FCR) =  
  

 
 
where: W0 is the initial weight (g), Wt is the final weight (g) and t is the experimental 
time (day). 

 

Digestive enzymatic activities. Three fish were randomly collected from each tank at the 
end of the experiment. Feeding ceased for 24 hours before the sampling. The stomach 
and anterior part of the fish intestine were dissected to analyse the activity of pepsin and 
amylase in the stomach, as well as amylase, trypsin and chymotrypsin in the intestine. 
Samples were cleaned in distilled water and adipose tissues were cautiously removed. 
The samples were homogenated (IKA T10 basic Ultra-Turrax) with the buffer KH2PO4 20 
mM and NaCl 6 mM (pH 6.9). The mixture was then centrifuged at 4,200 × g for 30 
minutes at 4oC. The supernatant was collected and stored at -80°C until the analysis of 
enzyme activities and protein content. Sample preparations were conducted at low 
temperatures on ice. Chymotrypsin and pepsin activities were measured by the method 
described by Worthington (1982), trypsin was measured using the method of Tseng et al 
(1982), amylase was measured using the method of Bernfeld (1951), and the protein 
content in the samples was analysed using the method of Bradford (1976). The specific 
activities of the enzymes are expressed as U mg protein-1 min-1. 

 
Statistical analysis. Microsoft Excel 2016 was used to conduct the descriptive statistical 
analysis, including standard deviation (SD) and mean (M). Two-way analysis of variance 
(ANOVA) together with Duncan’s post-hoc tests were used to test for significant 
differences among treatments (at the 95% significance level) using SPSS 20.0. 
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Results 
 
Water parameters. The pH levels were controlled according to the experimental design 
with a variation of ±0.01 during the experimental period. The temperature in the 
morning and afternoon fluctuated slightly, ranging from 27.94 to 28.00oC and 28.41 to 
28.44oC, respectively. The average DO in culture tanks fluctuated from 6.29±0.12 to 
6.59±0.12 mg L-1 (Table 1).  
  

Table 1 
Values of pH, temperature and DO in experimental tanks during the experiment 

 
Treatment 

(pH-salinity) 
pH Temperature (oC) DO (mg L-1) Morning Afternoon Morning Afternoon 

5.5-3‰ 
6.5-3‰ 
7.5-3‰ 
5.5-6‰ 
6.5-6‰ 
7.5-6‰ 
5.5-9‰ 
6.5-9‰ 
7.5-9‰ 

5.55±0.01 
6.56±0.01 
7.49±0.01 
5.56±0.01 
6.54±0.01 
7.48±0.01 
5.54±0.01 
6.53±0.01 
7.49±0.01 

5.57±0.01 
6.54±0.01 
7.51±0.01 
5.57±0.01 
6.56±0.01 
7.50±0.01 
5.55±0.01 
6.54±0.01 
7.51±0.01 

27.95±0.01 
27.95±0.01 
27.97±0.01 
27.97±0.05 
28.00±0.05 
27.94±0.06 
28.00±0.06 
28.00±0.06 
27.98±0.01 

28.41±0.01 
28.42±0.00 
28.42±0.00 
28.43±0.03 
28.44±0.03 
28.43±0.03 
28.44±0.04 
28.44±0.03 
28.43±0.01 

6.44±0.17 
6.29±0.12 
6.42±0.23 
6.39±0.20 
6.59±0.12 
6.44±0.26 
6.45±0,29 
6.40±0.23 
6.55±0.07 

Values are presented as mean±SD. 
 

The nitrite concentration ranged from 0.05±0.00 to 0.18±0.01 mg L-1 during the study. 
TAN and ion sulfate (SO4

2-) ranged from 0.27±0.04 to 0.71±0.02 mg L-1 and 157.13± 
14.6 to 460.65±31.5 mg L-1, respectively. The results indicate that the pH 5.5 treatments 
had higher concentrations of TAN and SO4

2- due to requiring a large amount of acidic 
sulfate water to reach pH desired range. The concentrations of total Fe and Al3+ declined 
as the pH levels increased, with values of 0.17±0.01 to 0.27±0.03 mg L-1 and 0.61±0.03 
to 1.45±0.09 mg L-1, respectively (Table 2). 

 
Table 2  

Concentrations of TAN, NO2
-, SO4

2-, Al3+ and total Fe in experimental tanks during the experiment 
 

Treatment 
(pH-salinity) 

TAN  
(mg L-1) 

NO2
-  

(mg L-1) 

SO4
2- 

(mg L-1) 
Total Fe  
(mg L-1) 

Al3+ 
(mg L-1) 

5.5-3‰ 
6.5-3‰ 
7.5-3‰ 
5.5-6‰ 
6.5-6‰ 
7.5-6‰ 
5.5-9‰ 
6.5-9‰ 
7.5-9‰ 

0.62±0.05 
0.39±0.01 
0.27±0.03 
0.66±0.12 
0.62±0.06 
0.52±0.02 
0.71±0.09 
0.64±0.01 
0.57±0.05 

0.05±0.00 
0.07±0.01 
0.07±0.01 
0.05±0.01 
0.05±0.03 
0.09±0.01 
0.13±0.02 
0.15±0.01 
0.18±0.01 

243.41±28.0 
196.90±13.7 
157.13±14.6 
331.37±20.8 
242.02±26.3 
183.67±5.28 
460.65±31.5 
287.71±10.4 
201.01±10.0 

0.25±0.01 
0.18±0.01 
0.17±0.01 
0.25±0.01 
0.20±0.02 
0.18±0.01 
0.27±0.03 
0.25±0.01 
0.20±0.02 

1.20±0.11 
0.77±0.04 
0.61±0.03 
1.36±0.11 
1.00±0.11 
0.79±0.07 
1.45±0.09 
1.11±0.06 
0.93±0.08 

Values are presented as mean±SD. 
 
Growth performance. The statistical results indicate that the pH and salinity levels 
significantly affected the weight of fish. Additionally, there was an interaction effect of 
these two factors on the investigated parameters (p < 0.05). After 30 days, the average 
individual fish weight increased from 15.5±0.09 to 29.9±0.74 g depending on the 
treatment. Mean fish weight in treatments 6.5-3‰ and 6.5-6‰ was higher than that of 
the other treatments (29.9±0.74 g and 29.6±1.40 g, respectively). The fish weights of 
these treatments were statistically significantly different from those of all other 
treatments (p < 0.05), except for the 5.5-3‰ treatment (28.0±1.80 g). The lowest 
mean weight was recorded in the 6.5-9‰ treatment (24.6±0.52 g) (Figure 1A). 

After 60 days, fish weight ranged from 38.7±0.82 g to 52.1±0.54 g. The highest 
weight was observed in the 6.5-3‰ treatment (52.1±0.54 g), which is significantly 
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higher than those of the other treatments (p < 0.05). The lowest value was observed in 
the 5.5-9‰ treatment (38.7±0.82 g), which is significantly different from the other 
treatments (p < 0.05). Fish weights in the 6.5-6‰ and 7.5-3‰ treatments were 
46.5±0.14 g and 43.9±0.70 g, respectively, with significant differences observed among 
all treatments (p < 0.05). The results demonstrate that acidic sulfate water with pH 
values lower than 6.5 negatively influenced the growth performance of salinity-tolerant 
striped catfish.  

 
Feed conversion ratio. There was an interaction effect between acidic sulfate water and 
salinity levels on the FCR of fish (p < 0.05). The FCR was lowest (1.04±0.07) in the 6.5-
3‰ treatment and highest (1.81±0.1) in the 5.5-9‰ treatment, which was significantly 
different from the other treatments (p < 0.05) (Figure 1B). 
 
Daily weight gain and specific growth rate. An interaction between pH levels and 
salinity on the DWG of fish was observed on day 60 (p < 0.05). The 6.5-3‰ treatment 
showed the highest value (0.61±0.01 g day-1) and was statistically different among all 
treatments (p < 0.05). The lowest value (0.38±0.01 g day-1) was observed in the 5.5-
9‰ treatment and was significantly lower than the other treatments (p < 0.05) (Figure 
1C). Similarly, the interaction effect between acidic sulfate water and salinity on the SGR 
of fish was also observed on day 60 (p < 0.05). The SGR of fish reared in the 6.5-3‰ 
treatment showed the best performance (2.02±0.02 % day-1), which was statistically 
different when compared to the other treatments (p < 0.05). The lowest SGR was 
recorded in the 5.5-9‰ treatment (1.52±0.03‰ day-1) (Figure 1D). The results 
illustrate a declining trend in DWG and SGR from 3 to 9‰ salinity at different pH values 
(Figure 1C, D). 

 
Figure 1. Average body weight (A), FCR (B), DWG (C) and SGR (D) of striped catfish 

cultured at different pH and salinity levels. The asterisk in the line and different letters 
(a, b, c, …) above the bars signify a significant difference (p < 0.05). 
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Survival rate. The SR of fish reared in the 5.5-9‰ treatment (80%) was significantly 
lower than those of the other treatments (p < 0.05). There were no significant 
differences in the SRs of the other treatments (p > 0.05). 
 
Digestive enzyme activities. The results show no interaction between pH and salinity 
on enzymatic activities (p > 0.05) (Table 3). The lowest trypsin activity in the pH 5.5 
treatment (0.0046±0.0012 U mg protein-1 min-1) was significantly different from the 
other treatments (p < 0.05). The highest trypsin activity was highest in the 3‰ salinity 
treatment (0.0068±0.0019 U mg protein-1 min-1) (p < 0.05). Moreover, the highest 
chymotrypsin activity was observed at pH 6.5 (312±90.8 U mg protein-1 min-1), followed 
by pH 7.5 (263±37.3 U mg protein-1 min-1) (p < 0.05). The 9‰ salinity treatment had 
the lowest chymotrypsin activity (234±38.3 U mg protein-1 min-1) and was significantly 
different when compared to that in the 3‰ salinity treatment (317±71.9 U mg protein-

1 min-1) (p < 0.05). There was no significant influence of different pH and salinities on 
intestinal amylase activities of fish at the end of the experiment (p > 0.05). The amylase 
activity in the stomach was highest in the 3‰ salinity treatment (0.939±0.100 
U mg protein-1 min-1), followed by the 6‰ salinity treatment (0.914±0.050 
U mg protein-1 min-1) and was significantly different when compared to the 9‰ salinity 
treatment (p < 0.05). Regarding pH factor, the highest amylase activity in the stomach 
of fish was observed in the pH 6.5 treatment (0.943±0.080 U mg protein-1 min-1) and 
was significantly different from the other treatments (p < 0.05). Concerning the 
individual effect, pepsin enzyme activity in the stomach of fish was not affected by pH 
but only by salinity. In particular, the pepsin activity decreased with an increase in 
salinity (p < 0.05). Pepsin activity in the 9‰ salinity treatments (0.11±0.008 
U mg protein-1 min-1) and 3‰ salinity treatments (0.14±0.006 U mg protein-1 min-1) 
were the lowest and highest, respectively (p < 0.05). 
 

Table 3  
Digestive enzyme activities of salinity-tolerant striped catfish cultured at different pH and 

salinity levels 
 

 Treatments 
(pH-salinity) Trypsin Chymotrypsin Amylase in 

intestine 
Amylase in 
stomach Pepsin 

pH 
× S 

5.5-3‰ 0.0046±0.0005 274±24.0 0.86±0.15 0.960±0.036 0.14±0.01 
6.5-3‰ 0.0074±0.0010 395±71.0 0.92±0.28 1.003±0.035 0.14±0.02 
7.5-3‰ 0.0086±0.0009 282±37.3 0.87±0.11 0.853±0.071 0.15±0.01 
5.5-6‰ 0.0043±0.0022 261±28.4 0.87±0.08 0.877±0.050 0.14±0.02 
6.5-6‰ 0.0061±0.0013 298±82.7 1.19±0.20 0.973±0.095 0.14±0.01 
7.5-6‰ 0.0063±0.0016 261±51.6 1.08±0.11 0.893±0.045 0.12±0.02 
5.5-9‰ 0.0049±0.0010 212±31.2 0.91±0.07 0.753±0.031 0.11±0.01 
6.5-9‰ 0.0061±0.0004 243±57.5 0.96±0.16 0.853±0.055 0.12±0.02 
7.5-9‰ 0.0055±0.0001 246±22.5 0.92±0.24 0.870±0.095 0.11±0.01 

pH 5.5 0.0046±0.0012a 249±37.2a 0.88±0.09 0.863±0.100a 0.13±0.02 
6.5 0.0065±0.0011b 312±90.8b 1.02±0.23 0.943±0.080b 0.13±0.01 
7.5 0.0065±0.0016b 263±37.3ab 0.96±0.17 0.872±0.050a 0.13±0.02 

S 3‰ 0.0068±0.0019B 317±71.9B 0.88±0.17 0.939±0.100B 0.14±0.006C 
6‰ 0.0053±0.0015A 273±54.1AB 1.05±0.18 0.914±0.050B 0.13±0.011B 
9‰ 0.0055±0.0007A 234±38.3A 0.93±0.15 0.826±0.070A 0.11±0.008A 

P-
value 

pH 0.002 0.036 0.233 0.025 0.386 
S 0.039 0.008 0.129 0.003 0.000 

pH × S 0.214 0.317 0.640 0.064 0.240 
Values are presented as mean±SE; different subscript letters (a, b, c and A, B, C) in the same column indicate 
significant differences (p < 0.05). 
 
Discussion 
 
Water parameters. The water temperature and DO values in this study fluctuated 
within the normal range for fish. Huong et al (2020a) reported that the appropriate 
temperature range for striped catfish from fry to small fingerlings is between 27 and 
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32oC. Mallya (2007) recommended that oxygen levels for tropical freshwater species be 
above 5 mg L-1. Moreover, Boyd (1998) suggested that nitrite concentrations should not 
exceed 0.30 mg L-1 in aquaculture ponds. As suggested by Boyd (1998), SO4

2- 
concentrations in all treatments were higher than the appropriate concentration for 
aquatic organisms, which is 5-100 mg L-1. Some previous studies reported that heavy 
metals such as aluminium and iron were toxic to aquatic animals when they exceed a 
certain limit (Smith et al 1973; Gostomski 1990; Botté et al 2022). The maximum total 
iron concentration should not exceed 1.0 mg L-1 to protect aquatic systems from the 
detrimental effects of iron (EPA 1986). On the other hand, Smith et al (1973) observed 
that more than 1.0 mg L-1 iron concentrations affected the feeding of fry and juveniles, 
causing prolonged stress and reduced growth. Van Dam et al (2018) recommended a 
water quality guideline value for dissolved aluminium in seawater of 56 µg L-1 to protect 
95% of marine species. Gostomski (1990) reported that the average concentration of 
aluminium does not exceed 0.75 mg L-1 when the ambient pH is between 6.5 and 9.0 to 
protect from acute toxicity. Botté et al (2022) stated that aluminium becomes more 
soluble and toxic when pH decreases. Generally, these water quality parameters during 
the experiment are within acceptable limits for aquatic species. However, the aluminium 
concentration in all treatments (except for the 6.5-3‰ treatment) was over the 
acceptable limit (0.75 mg L-1), which could have had a negative effect on the fish.  
 
Growth performance. Salinity and pH levels are considered crucial water quality 
parameters that serve significant roles in the physiology and growth of fish. The current 
study highlights the strong effects of the interactions of salinity and pH levels on the 
growth performance of striped catfish, with better performance shown in the condition of 
3‰ salinity and pH 6.5. This finding is supported by the results of previous research. For 
example, Phuc (2015) demonstrated that striped catfish in the control (13.5±5.36 g) and 
2‰ salinity (11.6±3.38 g) treatments exhibited the best weight gain when compared to 
other treatments with higher salinity treatments. According to Jahan et al (2019), the 
SGR of striped catfish (14.9±1.36 g) was significantly higher in 4‰ salinity (0.81± 
0.04%), followed by 0, 8 and 12‰ salinity (p < 0.05). Moreover, Ha et al (2021) 
showed that larval striped catfish reared at salinities of 0 and 3‰ had the best weight 
gain when compared to higher salinity treatments. Notably, the salinity-tolerant striped 
catfish strains used in this study proved to have a high salinity tolerance, which was 
highlighted by the ability of these fish to survive and grow rapidly in saline water. Hai et 
al (2022) showed that fry to fingerling stage salinity-tolerant striped catfish from a 
selected group (broodstocks had the best growth from the selection programme at 10‰ 
salinity) and a random group (broodstocks were randomly selected from the selection 
programme in the condition of 10‰ salinity) had SR, growth rate, and FCR values that 
were better than those in the freshwater group (broodstocks and fry were completely 
reared in freshwater) (p < 0.05) when fish were reared in 0, 5, 10, 15 and 20‰ salinity. 
Regarding pH, the highest growth indicators in this study were observed in the pH 6.5 
treatment when compared to the pH 5.5 and 7.5 treatments. The results of this study are 
similar to the report of Ha et al (2022), which was the first study to investigate the effect 
of acidic sulfate water (low pH) on the growth performance of striped catfish. That study 
showed that striped catfish presented significantly higher growth in terms of weight and 
length in acidic sulfate water in the pH 6.5 treatment (p < 0.05), with the lowest growth 
being shown in the pH 4.5 treatment. Furthermore, an investigation by Lopes et al 
(2001) noted that silver catfish larvae (R. queen) exposed to pH 5.5 reduced in growth 
parameters when compared to those raised in pH 6.0 and 7.0 water. In this study, the 
weight gain of salinity-tolerant striped catfish in treatment 6.5-3‰ was 36.6 g, which 
was higher than that of normal striped catfish fingerlings (freshwater striped catfish; 31.5 
g) reared at the same salinity level (3‰) by Phuong et al (2023), pH level (6.5; using 
acidic sulfate water; 29 g) by Ha et al (2022). This proves the high tolerance of salinity-
tolerant striped catfish against the investigated factors (salinity and acidic sulfate water) 
when compared to the normal striped catfish. 
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Survival rate and feed conversion ratio. The SR was lowest in the 5.5-9‰ treatment 
when compared to the other treatments. Craig & Baksi (1977) stated that flagfish 
(Jordanella floridae) fry survival declined (p < 0.05) at pH 5.5 and 5.0, and no fry 
survived at pH 4.5. According to Darmawan et al (2021), striped catfish exposed to 
gradual pH decreases illustrated mortality within 240 minutes in the pH 3.0 and 4.0 
treatments, which had significantly higher mortality than the other treatments (p < 
0.05). Moreover, low salinities (2-10‰) were considered optimal conditions for the 
survival of striped catfish, while the 0 and 14‰ salinity treatments had poorer SRs (Phuc 
et al 2014). These results may indicate that an individual factor of 9‰ salinity or pH 5.5 
did not affect the survival of striped catfish. However, a pH of 5.5 combined with 9‰ 
salinity adversely affects the survival of salinity-tolerant striped catfish when compared 
to treatments with higher pH and lower salinity. During the first period of the experiment, 
fish had to use a lot of energy to acclimate to their new environments, which led to the 
mortality of some fish. Moreover, the 5.5-9‰ treatment had the highest aluminium 
concentration when compared to the other treatments. Teien et al (2005) showed that 
high salinity levels combined with low pH and high aluminium concentration caused high 
aluminium accumulation in fish gills, respiratory failure and high fish mortality, which 
explains the decreased survival rates of fish in the 5.5-9‰ treatment in this study.   

Regarding FCR, the results indicated that combining a salinity level of 3‰ and a 
pH of 6.5 resulted in the lowest FCR. Ha et al (2022) reported that the FCR of striped 
catfish fingerlings reared in acidic sulfate water was highest (1.64) at pH 4.5, while the 
lowest FCR (1.08) was observed at pH 6.5. There was an increasing trend in FCR 
between pH and salinity levels among all treatments. Sahu & Datta (2018) reported that 
Trichogaster lalius fingerlings had the lowest FCR (1.02) in the pH 7 treatment and the 
highest FCR (4.8) at pH 5, with these differences being significant from the pH 6, 8 and 9 
treatments (p < 0.05). Ahirwal et al (2021) found that FCR had an increasing trend from 
0 to 6‰ salinity, with values ranging from 2.18±0.15 to 3.16±0.11 in the freshwater 
fish Gibelion catla. Moreover, Phuc et al (2014) found that salinities from 0 to 10‰ did 
not affect FCR in striped catfish; however, FCR decreased when fish were exposed to 
higher salinities (14 and 18‰). 
 
Digestive enzymatic activities. Acidic sulfate water with low pH and salinity had a 
combined effect on growth, survival, and FCR in salinity-tolerant striped catfish; 
however, digestive enzyme activity was only affected by individual salinity or pH factors. 
In this study, the intestinal amylase activities were not significantly influenced by neither 
salinities nor pH levels (p > 0.05). These results are similar with the findings of Ha et al 
(2022) that amylase enzyme activities in the intestine of striped catfish were not 
impacted by different pH levels from 4.5 to 7.21. On the other hand, the activities of the 
digestive enzymes in the intestine (trypsin and chymotrypsin) and stomach (amylase and 
pepsin) decreased in the high salinity (9‰) treatment if compared to 3 and 6‰ salinity 
treatments. The current results are similar to the research of Hoa (2014) on striped 
catfish fingerlings (8-10 g). After 70 days of rearing, amylase enzyme activity, 
chymotrypsin, and pepsin in the 12 and 15‰ salinity treatments tended to decrease and 
were different from the treatments with lower salinity. Moreover, in a study of cultured 
snakehead fish (Channa striata) fry to fingerlings, Huong et al (2020b) showed that 
amylase enzyme activity, trypsin and chymotrypsin tended to decrease with high salinity 
after 90 days of culture. The intestinal trypsin enzyme activity was highest in the 0‰ 
salinity treatment and decreased significantly when the salinity increased to the 6 and 
9‰ levels. According to Ha et al (2021), the striped catfish fry showed decreased 
chymotrypsin and trypsin under high salinity (p < 0.05), with the lowest values exhibited 
under 15‰ salinity. Previous studies have shown that fish spend 10-50% of their energy 
budget on homeostatic activity for adapting to an increased salinity environment. Fish 
drank more water and increased ion excretion through the expenditure of energy and 
matter for the Na+/K+-ATPase channel (Bœuf & Payan 2001). Some studies have noted 
that fish living in environments with increasing salinity will need to purposefully drink 
water to compensate for water loss. The drinking rates of fish increased after they were 
transferred from freshwater to saline water, which increased further after some time with 
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saline water contact (Evans 1975, 1984, 1993; Payan et al 1984). This alters the pH in 
the fish digestive system, which affects digestive enzyme activity (Bath & Eddy 1979; 
Bœuuf & Payan 2001). Thus, the results of this study are consistent with the 
aforementioned studies since salinity affected the digestive enzyme activity of salinity-
tolerant striped catfish. Trypsin, chymotrypsin and amylase (in the stomach) activity of 
striped catfish decreased when salinity increased to 9‰. Changes in habitat salinity can 
affect many physiological processes and cause stress in fish (Bœuuf & Payan 2001). In 
addition to the salinity factor, an acidic sulfate water environment (through a low pH 
factor) also affects the digestive enzyme activity of fish. In the present experiment, the 
salinity-tolerant striped catfish culture at pH 6.5 had the highest digestive enzyme 
activity when compared to those reared at pH 5.5 and 7.5. Another study of striped 
catfish fingerlings showed an increase in trypsin and chymotrypsin activity with pH 
increasing from 4.5 to 6.5, with trypsin and chymotrypsin activity being highest at pH 6.5 
when compared to pH 4.5 and 5.0 (Ha et al 2022). The pH values in the stomachs and 
intestines of all fish species are in the range of 3.5-4.5 and 6.5-7.2, respectively, while 
the optimum pH for stomach enzyme activity in many fish species ranges from 2 to 4 
(Castillo-Yañez et al 2004). In addition, pH also affects the secretion of digestive 
enzymes through changes in the structure of the intestine. Studies on carp (Cyprinus 
carpio) showed that there was a change in intestine morphology when fish were cultured 
at different pH values (6.6, 5.8 and 5.0). Research has shown the occurrence of necrosis 
and damage to the intestinal mucosa when fish are cultured at low pH values. This effect 
leads to a decrease in the concentration of enzymes secreted and thus interferes with the 
digestive process (Ibrahim et al 2020). Abbink et al (2012) reported that low pH affected 
growth performance, appetite and food conversion efficiency, and disruption to 
physiological homeostasis in fish. In this study, these factors reduced growth and 
increased the FCR of salinity-tolerant striped catfish. 

 
Conclusions. The combination of salinity and acidic sulfate water affects the growth 
performance, survival rate and FCR of salinity-tolerant striped catfish. The digestive 
enzyme activity of fish decreased gradually in high salinity and low pH conditions. The 
treatment of 3‰ salinity and pH 6.5 is likely the optimal condition for salinity-tolerant 
striped catfish. Our results confirm that a slightly acidic sulfate water environment with 
pH 6.5 is a good condition for striped catfish culture. 
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