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ABSTRACT

Objective:	 The	 study	 was	 undertaken	 to	 assess	 the	 changes	 in	 viable	 bacterial	 counts	 and	
physicochemical	 parameters	 of	water	 used	 during	 the	 live	 transportation	 of	 Pangasius	 catfish	
(Pangasianodon hypophthalmus).	 The	 correlations	 between	 the	 changing	 patterns	 of	 these	
parameters	were	also	established.
Materials and Methods:	Water	samples	were	collected	every	2	h	interval,	plated	onto	agar	plates	
for	assesing	viable	bacterial	counts.	Physicochemical	parameters,	namely,	water	temperature,	dis-
solved	oxygen	(DO),	pH,	and	ammonia	(NH3)	concentration	in	the	water	were	measured	with	a	
glass	thermometer,	DO	test	kit,	pH	test	kit,	and	total	NH3	measurement	kit,	respectively.
Results:	The	viable	bacterial	counts	increased	significantly	from	0	to	2	h	in	all	the	studied	chan-
nels	and	remained	almost	similar	up	to	the	end	of	the	supply	channels.	The	water	temperature	
was	almost	stable	regardless	of	the	supply	channels	and	transportation	period	at	around	30°C.	
The	DO	concentration	and	pH	level	decreased,	and	NH3	concentrations	increased	gradually	in	all	
the	supply	channels.	The	viable	bacterial	counts	were	inversely	correlated	to	the	DO	levels	and	
directly	associated	with	the	NH3	concentrations	of	the	water	used	during	the	live	transportation	
of	Pangasius	catfish.
Conclusions:	Gradual	 increase	 in	viable	bacterial	 counts	and	fluctuation	 in	some	vital	physico-
chemical	parameters	with	the	duration	of	transportation	indicated	an	unfavorable	environment	
for	the	survival	of	Pangasius	catfish.
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Introduction

Pangasius catfish, Pangasianodon hypophthalmus, is very 
popular with the fish farmers of Bangladesh due to its fast 
growth, ease of culture technique, high disease resistance, 
and ability to withstand a wide range of environmen-
tal conditions [1]. Consumers also prefer the fish due to 
its low market price, which has become one of the most 
important cultured species in Bangladesh [2]. Pangasius 
catfish aquaculture provides about 18.37% of total aqua-
culture production in Bangladesh [3]. As consumers pre-
fer to buy live fish, the Pangasius catfish are commonly 

transported in live condition from the culture areas to 
the retail markets. In Bangladesh, fish in the live state are 
usually transported either by “open truck system” or “tank 
system,” sometimes with oxygenation [4]. In the case of 
the “open truck system,” a plastic or tarpaulin is typically 
placed on the truck bed to contain the water. The volume of 
water and the amount of fish carried depend on the truck’s 
size and capacity. In the case of “tank systems,” cheap plas-
tic tanks having a capacity of around 1 m3 are usually used. 
The tanks are sometimes reinforced by an iron frame [4]. 
However, live Pangasius catfish are also transported from 
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the farm to the markets in a van, rickshaw, truck, passen-
ger bus, pickup, etc., by keeping them in plastic tanks. In 
general, Pangasius catfish are harvested in the afternoon, 
transported the following night, and reach their final retail 
destination in the morning. Deep tube-well water is used 
with or without the water exchange during transporta-
tion, depending on the distance, and duration of the final 
destination.

Several processes may occur during the live transpor-
tation of fish. First of all, carbon dioxide (CO2) is gener-
ated and accumulated in the transport-water, which may 
become life-threatening to the fish, as high concentrations 
of CO2 limit the oxygen supply system of fish [5]. CO2 gas 
is readily dissolved in water and becomes a weak acid. 
The nontoxic bicarbonate ions from this acid invade the 
blood and make the blood plasma more acidic, which has 
harmful consequences for the fish. The severity of these 
limitations is affected by water temperature, water pH, 
the loading density of fish, and time in transport. Toxic 
accumulations of ammonia (NH3) and CO2 can kill fish, 
thus limiting the loading density [5]. All these stress-re-
lated factors (so-called stressors) induce conditions in 
which fish’s ability to survive during live transportation 
is impaired; they cannot maintain a normal physiological 
state as the stressors adversely affect their welfare [6]. The 
degree of interruption in the physiological condition of fish 
or interruption in fish welfare is thus directly or indirectly 
related to different acute stressors (such as rough treat-
ment within captivity, fluctuations in the vital water qual-
ity parameters, and limited conditioning) and/or chronic 
stressors (such as poor water quality for an extended 
period, improper stocking densities, improper diets, etc.) 
[7]. Bacteria in water can even make the water quality 
worse for fish during live transportation. They consume 
part of it, compete with fish for dissolved oxygen (DO), and 
release toxic metabolites [8,9]. Bacteria increase the (NH3) 
concentration in the carrying water and compete with fish 
for DO [8]. Initial sources of bacteria in the live fish trans-
porting water are the fish itself (fish gills, skin, and intes-
tine contain bacteria), transporting water, and sediments 
from the cultured ponds [10]. The quantitative and quali-
tative presence of microorganisms in fish bodies is directly 
related to the microbial composition of the aquatic envi-
ronment from where they are harvested [11]. Thus, bacte-
rial concentrations increase in different organs of fish with 
an increased bacterial concentration in the surrounding 
water in which they live [12].

During live transportation of Pangasius catfish, changes 
in skin color, speedy respiration, and behavioral changes 
like nervousness, etc., are seen in the fish. Mechanical abra-
sion is also a common consequence of handling and trans-
portation [13]. All these abnormal external appearances 
of Pangasius catfish hamper its preference by consumers 

and lead to comparatively fewer demanded products of 
Pangasius catfish. It is generally believed that higher bacte-
rial growth, higher NH3 concentration, and lower DO levels 
negatively influence all of these unacceptable features in 
Pangasius during live transportation. But, we do not know 
how all these biological and physicochemical parameters 
change with time during live transportation. Many ques-
tions remain: when does the DO level become critical to 
the fish’s survival? How do the concentrations of NH3 vary 
according to the transportation period? Does the accumu-
lation of metabolic wastes enhance the bacterial regrowth 
or limit the DO level of the water? To answer these ques-
tions, it is essential to evaluate the changes in the viable 
counts of bacteria and the physicochemical properties of 
water used during the live transportation of Pangasius cat-
fish through different supply channels. We assumed that 
bacterial counts would gradually increase with the trans-
port time because of their regrowth in the water. We also 
hypothesized that accumulation and decomposition of the 
metabolic wastes would reduce the pH and DO levels and 
enhance the concentration of NH3 in the transport water 
used to transport the live Pangasius catfish. All these con-
sequences will show a positive correlation between the 
bacterial count and NH3 concentration and a negative cor-
relation between viable counts and the oxygen concentra-
tion of the water. So the present study was undertaken to 
verify the assumptions mentioned above. 

Materials and Methods

Ethical statement 

Live Pangasius catfish (P. hypophthalmus) transporting 
water was used in this research, and therefore, no ethical 
approval is required. Water samples were collected from 
the plastic barrels containing live Pangas fish during trans-
portation without disturbing or harming them. However, 
prior permission was taken from the owners’ explain the 
aims of this research work, and sub-samples were col-
lected upon their authorization.

Descriptions of the studied supply channels of the 
Pangasius catfish

From July to December 2019, samples were collected 
from three different Pangasius catfish supply channels in 
Bangladesh. All of the channels began in Trishal Upazila 
of Mymensingh district because it is one of Bangladesh’s 
major Pangasius catfish-producing areas. The supply chan-
nels were designated as “Channel 1” from Mymensingh to 
Dhaka, “Channel 2” from Mymensingh to Faridpur, and 
“Channel 3” from Mymensingh to Sylhet (Fig. 1).
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Harvesting and preparation before live transportation

The Pangasius catfish were harvested with the surround-
ing net and prepared for transportation at dusk. A very 
brief conditioning period was allowed before the trans-
portation. In most cases, Pangasius catfish’s live transpor-
tation started at night and reached the final destination/
unloading points (retail markets) at dawn. Around 40 kg 
of fish (20–22 fish) were loaded into a plastic-made trans-
portation tank with 1,000 l. But the tanks were filled half 
with 500 l of deep tube-well water. Approximately 40–42 
transportation tanks were incorporated into a commer-
cial vehicle (truck). The exchange of water from the trans-
portation tank with the deep tube-well water once every 
2–3 h during the live transportation of Pangasius catfish 
was commonly done in all the supply channels during 
transportation. Pangasius catfish were collected from the 
transportation tank at the retail market, and live fish were 
separated from the dead ones.

Collection of sub-samples for laboratory analyses

To collect the samples during transportation, neces-
sary materials were carried and transported by the live 
Pangasius catfish transportation vehicle (truck). Culture 
experiments and assessment of physicochemical parame-
ters were conducted onboard the vehicles; thus, prepared 
agar plates and test kits were also carried. Subsamples of 
water were collected from 0 h (at the beginning of trans-
portation just after loading) until the end (reaching the 
retail markets/points before unloading) at every 2 h inter-
val. Different transportation tanks were selected randomly, 
and water samples were collected in a sterilized plastic 
bottle (250 ml). After collecting water samples, subse-
quent analyses and cultures of bacteria for viable count 
were carried out immediately.

Assessment of the viable bacterial count

The sample preparation and culture of bacteria for via-
ble counts during live fish transportation was conducted 
according to Hossain et al. [8]. The collected water samples 

Figure 1. Map shows the location of sampling supply channels of live Pangasius catfish (P. hypophthal-
mus) transportation in Bangladesh. (Channel-1: Trishal, Mymensingh to Kawran Bazar, Dhaka; Channel-2: 
Trishal, Mymensingh to Faridpur; and Channel-3: Trishal, Mymensingh to Poschim Kazir Bazar, Sylhet). 
The map is extracted from DIVA-Geographical Information System (GIS) using GIS and visualized by 
ArcMap version 10.7.
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were diluted using sterilized physiological saline (0.85% 
W/V NaCl) to obtain the original sample’s 10−1, 10−2, 10−3, 
etc. From each of the above dilutions, 0.1 ml was taken 
aseptically to spread onto the previously prepared plate 
count agar plates (HIMEDIA, India). A replicate was main-
tained for each of the dilutions. The plates were then 
wrapped with aluminum foil and kept in zipper bags until 
they were finally brought to the Fisheries Microbiology 
Laboratory, Department of Fisheries Technology, 
Bangladesh Agricultural University, and incubated at 30°C 
for 48 h. After incubation, plates that exhibited 30–300 col-
onies were counted by a colony counter (Stuart Scientific 
Colony Counter, SC6PLUS-UK). The result of the viable bac-
terial count was expressed as the number of colony-form-
ing units (CFU) per ml of water sample. The following 
formula was used:

Viable bacterial count (CFU/ml) = Number of colonies on 
agar plate × dilution factor × 10

After calculations, the average values (CFU/ml) were 
calculated for each water subsample for statistical analysis 
and plotting.

Determination of physicochemical parameters

As described in Hossain et al. [8], the physicochemical 
parameters such as temperature, DO, pH, and NH3 were 
determined using a glass thermometer (Saraan, Denmark), 
DO test kit (Biosol, AA Biotech, India), pH test kit (CP-102, 
Thailand), and Ammonia Test Kit (AQUA AM), respectively, 
as described in Hossain et al. [8]. After 1 min, the water 
temperature was measured by inserting the end bulb of a 
glass thermometer (Saraan, Denmark) into the water and 
recording the temperature in degrees Celsius (°C).

The water’s DO content was obtained as mg/l by the DO 
test kit (Biosol, AA Biotech, India). The DO was required to 
be fixed before testing. The DO test bottle was rinsed 2–3 
times with sample water. It is necessary to avoid any air 
bubbles inside the bottle. For this reason, the water was 
filled until it overflowed and stopped immediately. From 
the test kits, DO-1 and DO-2 reagents were taken, and the 
water samples were treated (10 drops of DO-1 and then 
10 drops of DO-2), waited for 1 min, brown precipitation 
developed and allowed to settle. After resting the test bot-
tle for a minimum of 20 min, 10–20 drops of reagent DO-3 
were mixed and shaken well to dissolve the precipitation. 
The above-treated sample was then used for testing.

For this reason, 10 ml of fixed sample was added to 
the test jar, four drops of DO-4 reagent were added, and 
the mixture was well mixed. Then, the DO-5 reagent was 
added dropwise. The number of drops was counted until 
the blue color disappeared. Finally, the DO content was cal-
culated using the following formula:

DO (mg/l) = 0.65 × (No. of drops of DO-5 reagent)

The pH of the collected water was measured by the pH 
test kit (CP-102, Thailand). A supplied color cell was ini-
tially cleaned with the collected water sample. The color 
cell was then filled with 5 ml of the same water sample, to 
which two drops of pH reagents were added. After mixing 
well, the generated color was matched with the supplied 
standard color scale to obtain a pH value.

An ammonia test kit (AQUA AM) was used to determine 
the NH3 concentration of the collected water. For this pur-
pose, the supplied measuring vessel was cleaned with the 
test water sample. The vessel was then filled with water up 
to the 5 ml mark with the test water. The water was treated 
with two drops of the Ammonia-1 reagent and mixed well. 
Then two drops of ammonia-2 reagent followed by two 
drops of ammonia-3 reagent were added and thoroughly 
mixed. At the final step, 4 drops of ammonia-4 reagent 
were thoroughly mixed. The mixture was then rested for 
20 min. The top view color of the measuring vessel was 
compared with the supplied color band to obtain a read of 
the NH3

 concentration.

Statistical analysis

Collected data were recorded, and some analyses were 
done in MS Excel 2010. Analysis of variance was carried 
out at a 5% (p < 0.05) significance level, and Duncan’s New 
Multiple Range Test was employed with IBM Statistical 
Package for the Social Sciences Statistics (Version-22.0).

Results

Distance and duration of the supply channels

From the point of origin of the supply channel to the final 
destination, the distance was about 140, 200, and 305 
km, respectively, for supply channels 1, 2, and 3. The time 
required to transport the fish to the designated unload-
ing points was 6, 8, and 8 h in supply channels 1, 2, and 3, 
respectively. The required time was not entirely relevant 
to the distance, but rather the road conditions and traffic 
jams.

Changes in the viable count of bacteria

Changes in viable counts of bacteria in different supply 
channels are compared in Table 1. Viable bacterial counts 
increased significantly (p < 0.05) at 2 h compared to 0 h 
in all the sampling channels. Again, bacterial counts were 
found to increase gradually with the length and traveling 
time of the transportation route, though it was insignifi-
cant. In all the sampling channels, viable counts decreased 
at hour 4, but it was significant only in the case of channel 
3 (Table 1).

At 0 h, the highest viable count of bacteria was 0.14 ± 
0.02 × 105 CFU/ml in supply channel 2, which significantly 
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increased to 3.70 ± 1.33 × 105 CFU/ml after 2 h, and finally, 
became 3.36 ± 1.38 × 105 CFU/ml after 8 h of transporta-
tion. The lowest initial (at 0 h) viable bacterial count was 
found in the case of supply channel 1 (0.08 ± 0.01 × 105 
CFU/ml), which significantly increased to 3.08 ± 0.97 × 
105 CFU/ml after 2 h, and finally, became 2.85 ± 0.32 × 105 
CFU/ml after 6 h. In supply channel 3, bacterial count sig-
nificantly increased from the initial value, 0.09 ± 0.01 × 105 
CFU/ml, to a maximum of 3.61 ± 1.42 × 105 CFU/ml after 
8 h of transportation. Although viable bacterial count was 
increased with time during transportation of Pangasius 
catfish, a fall in counts was observed in all the sampling 
channels after 4 h of transportation (Table 1).

Changes in physicochemical parameters

Changes in physicochemical parameters of transport-
ing water collected from different supply channels of live 
Pangasius catfish are shown in Figure 2. Among the phys-
icochemical parameters, there was a little change in tem-
perature from the start of transportation to the end of all 
three sampling supply channels. The temperature ranged 
from 29 to 30 in supply channel 1, while it was 29 to 31 
in supply channel 2, and 28 to 30 in supply channel 3. DO 
and pH dropped gradually with the duration of transpor-
tation, while the NH3 concentration in water increased 
gradually over time. The highest initial DO was seen in 
channel 1 (6.5 mg/l) that finally dropped to 5.2 mg/l at 
the period of unloading in the destination (Dhaka). While 
the lowest initial DO value was 3.9 mg/l in supply channel 
2, which declined to 1.95 mg/l after 8 h of transportation. 
Compared to the values of previous subsamples, the levels 
of DO was found to increase slightly at 6 h in the case of 
supply channels 1 and 3, and at 4 h at supply channel 2.

The pH values of the subsamples at 0 h ranged between 
7.2 and 7.6 and slightly dropped to 6.4 in the case of sup-
ply channel 2 and 6.6 in the case of supply channel 3 at 
the end (8 h) of transportation. However, the pH values 
were almost stable in the case of channel 1. Regardless of 

the distance and duration of the supply channels, gradual 
increases in NH3 concentrations were observed in all of the 
three supply channels. At 0 h, NH3 concentrations were 1, 
0.2, and 0 mg/l in supply channels 1, 2, and 3, respectively. 
The concentrations of NH3 were then increased to 5 mg/l 
in all the supply channels. However, a slight fall from 5 to 2 
mg/l and 2 to 1 mg/l was observed at 6 h in supply chan-
nels 2 and 3, respectively.

Relationship among viable bacterial counts and physico-
chemical parameters

In this study, the DO content of water decreased, and the 
NH3 concentration increased with time during the live 
transportation of Pangasius catfish (Fig. 2). The viable bac-
terial counts in the transportation water were also raised 
with transportation periods (Table 1). Figures 3–5 show 
the patterns of changes in viable counts of bacteria, DO lev-
els, and NH3 concentrations with time. It was found that 
the viable counts of bacteria were negatively correlated 
with DO levels of transport water (Figs. 3A, 4A, and 5A) 
and positively correlated with NH3 concentrations (Figs. 
3B, 4B, and 5B). Analysis of correlation (Pearson) between 
the viable bacterial count and water parameters was con-
ducted at a 5% level of significance (p < 05), and the values 
are presented in (Table 2). A moderate positive correla-
tion (r = 0.638) was observed between the viable bacterial 
count and NH3 in supply channel 1. In contrast, a moderate 
negative correlation (r = −0.737) was observed between 
viable bacterial count and DO in the same supply channel 
(Table 2, Fig. 3). In the case of supply channel 2, a weak 
negative correlation (r = −0.362) was observed between 
viable bacterial counts and the DO level of water. In con-
trast, a moderately positive correlation (r = 0.422) was 
observed between viable counts and NH3 concentration 
(Table 2, Fig. 4). The viable bacterial count showed a mod-
erate negative correlation (r = −0.727) with the DO level 
and a moderate positive correlation (r = 0.620) with the 
NH3 concentration of water subsamples from supply chan-
nel 3 (Table 2, Fig. 5).

Discussion

Live transportation of Pangasius catfish (P. hypophthal-
mus) has commercial importance to the transporters and 
the sellers of the final consumer market. The adverse 
state of physicochemical parameters and bacterial counts 
made the Pangasius catfish less lucrative to consumers, 
ultimately affecting the fish’s market value. This study 
followed changes in the viable bacterial count and physi-
cochemical parameters in the water used during live trans-
portation of Pangasius catfish, and the correlations in their 
changing patterns were established. At every 2-h interval, 
subsamples of water were collected. Water samples were 

Table 1 Bacterial	viable	counts	in	water	samples	collected	from	
different	supply	channels	during	live	transportation	of	Pangasius	
Catfish	(P.	hypophthalmus)	in	Bangladesh.

Time (h)
Bacterial viable counts (CFU/ml) × 105

Channel 1 Channel 2 Channel 3

0 0.08	±	0.01b 0.14	±	0.02b 0.09	±	0.01b

2 3.08	±	0.97a 3.70	±	1.33a 2.87	±	1.10a

4 2.60	±	0.87a 2.38	±	1.13a 1.81	±	0.74ab

6 2.85	±	0.32a 2.83	±	1.16a 3.30	±	1.36a

8 No	data 3.36	±	1.38a 3.61	±	1.42a

Mean	values	with	the	same	superscript	letter(s)	were	not	significantly	
different	(p	>	0.05).
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diluted and plated onto agar plates with replications for 
the viable bacterial count. Water temperatures, DO, pH, 
and NH3 concentration of the collected subsamples were 
also measured. It was assumed that the viable count of 
the bacteria would gradually increase with transportation 
periods because of their regrowth in the water and show 
a positive correlation with NH3 concentration. We also 
hypothesized that accumulation and decomposition of the 
metabolic wastes would decrease the pH and DO levels and 
thus show a negative correlation with viable counts. 

In this study, subsamples from all three supply chan-
nels showed a gradual increase in viable bacterial counts  
(Table 1). Some previous research also reported increased 
viable counts of bacteria with time during the live trans-
portation of fish [9,14,15]. As a common practice, deep 
tube well water was used during the live transportation of 
Pangasius catfish. Islam et al. [16] stated that the bacterial 
load in deep tube well water is very low. Thus, the pres-
ence and gradual increase in the viable counts of bacteria 
in all three supply channels may be due to several reasons. 
First, the microbial composition of the live fish reflects the 
microbial content of their habitat. They can also be trans-
mitted from the fish to the surrounding waters [17]. In gen-
eral, fish skin contains bacteria ranging from 102–107 CFU 
cm−2 and fish gills and intestines from 103–109 CFU gm−1 
[18]. Second, the excretory organic materials accumulated 
in the tank’s waters were decomposed and utilized by the 
bacteria, resulting in their regrowth. Third, while trans-
porting fish in live conditions, one of the greatest chal-
lenges is maintaining a suitable range of physicochemical 

parameters to reduce the intensity of the stress on fish 
and/or their mortality rate. Due to stress, many fish die 
before reaching the desired market during live transpor-
tation. Previous research has found that dead fish in water 
increases the bacterial population [9]. Moreover, the water 
temperature was nearly stable, close to 30°C in all studied 
channels. It provided a suitable environment for bacteria, 
increased their metabolic activities, and facilitated their 
higher growth [19]. This study also showed a decrease in 
the bacterial count after 4 h. This may be due to partial 
replacement of tank water with pressurized deep tube well 
water after 2–3 h of transportation, which has been done in 
the country during live transportation of Pangasius catfish.

Results also showed that the water temperatures were 
almost stable regardless of the supply channels and trans-
portation period at around 30°C. However, the DO con-
centration and pH level decreased gradually, but the NH3 
concentrations of the water increased in all three sampling 
channels (Fig. 2). Previous reports also showed a limited 
water temperature fluctuation during the transportation 
of live fish [20]. Bui et al. [20] reported a slight change in 
water temperature during live transportation of striped 
catfish. Although it was reported that the changing pattern 
of temperatures during live transport of fish in tropical 
conditions probably impose minimum to no stress effects 
on them [21], the temperature is the regulator of so many 
other circumstances in water. Temperature increases the 
metabolic activities of aquatic micro, and macro-organ-
isms resulting in depletion of DO in water, becoming a criti-
cal factor for organisms to survive. High temperatures also 

Figure 2. Changes in physicochemical parameters of water subsamples collected from different supply 
channels of live transportation of Pangasius catfish (P. hypophthalmus) in Bangladesh.
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increase the rate of degradation of the organic substances, 
depleting the level of O2 in water [22]. Temperature also 
controls the holding capacity and mixing of the gaseous 
substances and minerals in the water, maintains the phys-
icochemical properties, and regulates the pH level of the 
water [23]. The pH of water is another vital water qual-
ity parameter for aquatic organisms for their growth and 
survival. In aquatic environments, almost all of the chem-
ical reactions are controlled by water pH levels. The pH 
values are found to fluctuate during live transportation 
of fish [20,24], similar to our findings. Previous research 
also reported a decreasing trend of water pH during live 
transportation fishes [25–27]. This study showed that 
the pH values were decreased from the initial levels with 
time, especially after 8 h, in all three supply channels  
(Fig. 2). It was expected that the metabolic activities of the 
live fishes (Pangasius catfish) as well as the bacteria in the 
tank waters resulted in an increased accumulation of CO2 
in the water, which acidifies the water, and the pH values 
were reduced. Nevertheless, the pH range was within the 
acceptable level (ranged from 6.4 to 7.6 within the studied 
channels) for the fishes to survive (Fig. 2).

In all the studied supply channels, the DO levels of the 
subsamples were found to decrease gradually and, in some 
cases, reach a critical level, especially after 8 h (Fig. 2). 
Previous research also showed similar fluctuations and 
gradual depletion of DO levels over transportation [9,20]. 
It was also reported that the first 30–60 min of trans-
porting live fish are critical [28], with a reduction in DO 
level of up to 5 mg/l observed during this time [29]. DO 
is a limiting factor for fish to survive in different water 
quality parameters. The gradual reduction of DO levels in 
water during the transportation is not difficult. The fish 
in the tanks were stocked at a higher density, accelerating 

their metabolic activities and oxygen consumption. It was 
also mentioned that increased decomposition and oxida-
tion rates of organic matters (e.g., accumulated metabolic 
wastes in the fish transportation tanks) by microorgan-
isms depleted the DO while reducing the solubility of oxy-
gen in water [22].

Several factors (stressors) create pressure on the fish 
during live transportation, and the effects and nature of 
these stress-inducing factors vary. Stressors have been 
summarized into three basic groups by Barton [30], of 
which physical (such as handling, transportation, etc.) and 
chemical stressors (such as low oxygen concentration, 
increased acidity, etc.) are crucial. The chemical stressors 
are believed to affect the fish’s welfare during live trans-
portation directly. However, it should be noted here that 
although the DO levels were reduced to the critical level 
during the live transportation of Pangasius catfish, the fish 
mostly survived. This may be because of the introduction 
of oxygen from the atmosphere due to water-air interac-
tions, especially at the surface. Moreover, Pangasius catfish 
have a swimbladder as an accessory respiratory organ that 
allows them to survive even in that critical condition [31]. 
In this study, compared to the values of previous subsam-
ples, a slight surge in O2 levels was observed at 6 h in the 
cases of supply channels 1 and 3, and at 4 h in supply chan-
nel 2. This would be due to the slight agitation of the trans-
portation tank and the partial replacement of water with 
pressurized deep tube well water during transportation.

The concentrations of NH3 were found to increase and 
reach 5 mg/l in all three studied channels at the end of 
the transportation period (6–8 h). However, a decrease in 
NH3 concentration was observed at 6 h of transportation 
in supply channels 2 and 3 (Fig. 2). Previous studies also 
reported an increase in the NH3 concentration during the 

Table 2. Correlations	between	the	viable	count	of	bacteria	and	physicochemical	parameters	(DO	level	and	NH3	concentration)	in	different	
supply	channels	during	live	transportation	of	Pangasius	Catfish	(P.	hypophthalmus)	in	Bangladesh.

Channel 1 Channel 2 Channel 3

Viable count NH3 DO Viable count NH3 DO Viable count NH3 DO

Viable	count

Pearson	Correlation 1 0.638a −0.737a 1 0.422a −0.362a 1 0.620a −0.727a

Sig.	(2-tailed) 0.362 0.263 0.479 0.549 0.264 0.164

N 4 4 4 5 5 5 5 5 5

NH3

Pearson	Correlation 0.638a 1 −0.792 0.422a 1 −0.299 0.620a 1 −0.554

Sig.	(2-tailed) 0.362 0.208 0.479 0.625 0.264 0.332

N 4 4 4 5 5 5 5 5 5

DO

Pearson	Correlation −0.737a −0.792 1 −0.362a −0.299 1 −0.727a −0.554 1

Sig.	(2-tailed) 0.263 0.208 0.549 0.625 0.164 0.332

N 4 4 4 5 5 5 5 5 5

N	=	number	of	cases	used.
a	Correlation	is	significant	at	the	0.05	level	(2-tailed).
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live transportation of fish [5,27]. Similar results regarding 
the changes in NH3 concentration during the live transpor-
tation of Pangasius catfish are also reported by Dhanasiri 
et al. [32] and Bui et al. [20]. The decreased concentration 
of NH3 at 6 h (Fig. 2) may be due to the partial exchange of 
water on the way during transportation. Metabolic nitrog-
enous end-products, including NH3, are produced by fish 
due to the catabolism of proteins and/or other nitroge-
nous chemical compounds. The fish then excrete the NH3 

into the surrounding waters. During the live transporta-
tion of fish, an accumulation of NH3 in a fixed volume of 
water occurs, ultimately resulting in a gradual increase 
in its concentration. Furthermore, the NH3 concentration 
in transport water may rise as a result of bacterial action 
and decay of accumulated waste materials such as left-
over feed, feces, dead micro-and macro-plants in water, 
and so on [23,33]. During live transportation of fishes, 
due to the transportation-related stresses, increased NH3 

Figure 3. Correlation between (A) Viable count of bacteria and DO and (B) Viable count of bacteria and 
NH3 in supply channel-1 during live transportation of live Pangasius catfish (P. hypophthalmus)  
in Bangladesh.
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concentration and decreased levels of DO led to the death 
of some fishes [34]. For longer durations and distances, 
partial degradation or deterioration of these dead fishes 
due to the action of self-enzymes and bacteria may also 
contribute to the generation of NH3.

Despite the production and accumulation of NH3 during 
the live transportation of fish, most of the Pangasius 

catfish were found to survive in this study. This may be 
because of the higher mixing and possible dissolution of 
the excreted or produced CO2 and NH3. These gases tend 
not to accumulate in nature or under typical cultural con-
ditions. In aqueous situations, the majority of the NH3 gas 
dissolves in water to become a nontoxic ammonium ion 
(NH4

+), and the CO2 is dissolved to become mild carbonic 

Figure 4. Correlation between (A) Viable count of bacteria and DO and (B) Viable count of bacteria and 
NH3 in supply channel-2 during live transportation of Pangasius catfish (P. hypophthalmus) in Bangladesh.
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acid [35]. Furthermore, because the Pangasius catfish 
is an air-breathing fish [31], it may have mechanisms to 
cope with and/or withstand the toxic effects of NH3 [36]. 
Despite most fishes surviving in this study, higher NH3 con-
centrations may lead to NH3 toxicity in fish transport, espe-
cially during long hauls. Ross and Ross [13] described how 
increased CO2 and NH3 concentrations could result in a 
higher death rate of fish if these gases excessively dissolve 

and accumulate in the transport water to the point of 
becoming toxic to the live fish. Higher concentrations of 
NH3 in water increase its concentration in the plasma of 
fish (Cardinal tetra, Paracheirodon axelrodi), depending on 
transport time and fish bulkiness [37,38].

Previous research reported that higher NH3 levels cre-
ate adverse situations and induce injurious conditions 
such as disruptions in osmoregulation activities, damage 

Figure 5. Correlations between (A) Viable count of bacteria and DO and (B) Viable count of bacteria and 
NH3 in supply channel-3 during live transportation of Pangasius catfish (P. hypophthalmus) in Bangladesh.
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to the kidneys, and branchial epithelium, etc. Increased 
concentrations of NH3 are believed to deteriorate the 
oxygen intake capacity of the gills and oxygen transport 
capacity of the blood due to deviations in the normal pH 
level of the blood. These consequences damage blood 
cells, making it harder for fish to respire [39]. Moreover, 
increased NH3 concentration negatively affects other water 
quality parameters. High NH3 (also known as NH4

+) con-
centrations can directly impact the DO levels of water, as 
about 4.3 mg of oxygen is necessary to oxidize 1.0 mg of 
NH4+ [34,40]. An increased concentration of NH3 also ele-
vates the pH (and a reduction of the pH will, therefore, 
reduce NH3 toxicity) and vice-versa [41]. In our study, 
viable bacteria counts were negatively correlated with 
DO levels of transport water (Figs. 3A, 4A, and 5A), while 
they were positively correlated with NH3 concentrations  
(Figs. 3–5). Previous studies also reported similar nega-
tive correlations between viable bacterial counts and DO 
[42,43] and positive correlations between viable bacterial 
counts and NH3 [43,44] in water. As previously discussed, 
transport water may receive more bacteria from the fish 
itself and can be increased through its regrowth. At a 
suitable range of water temperatures, bacteria utilize the 
accumulated organic matter (excretory materials, uneaten 
feeds, etc.), and dead organisms facilitate their regrowth. 
This increased rate of metabolic activity of aquatic micro 
(bacteria) and macro (fish itself) exhausts the DO in water, 
resulting in a negative correlation between viable counts 
of bacteria and the DO level of water. On the other hand, 
NH3 is produced by the fish due to the catabolism of pro-
teins and/or other nitrogenous chemical compounds and 
excreted into the surrounding waters. The NH3 concentra-
tion in transport water increases due to the bacterial action 
and decomposition of accumulated organic materials. This 
results in a positive correlation between viable counts of 
bacteria and the NH3 concentration of transport water 
used during the live transportation of Pangasius catfish. 

Conclusion

It can be concluded that gradual changes in viable counts 
of bacteria and physicochemical parameters with the 
duration of transportation indicate an unfavorable envi-
ronment for the survival of Pangasius catfish. An increase 
in the bacterial population competes with fish for DO and 
promotes degradation of excretory substances to heighten 
NH3 concentrations, ultimately making live transportation 
challenging.

List of Abbreviations

CFU, colony-forming unit; DO, Dissolved oxygen; h, Hour; 
mg/l, Milligram per liter.

Conflict of interests 

The authors declare that they have no conflict of interest.  

Authors’ contribution

Conceptualization, MNH, MNU, and MIH; methodology, 
MNH, MNU, and MAH; sample collection and investigation, 
ANMRKB, MMH; writing and original draft preparation, 
ANMRKB, MMH; further writing, reviewing, and editing, 
MNH; visualization, MMH, MNH; supervision, MNH, MNU; 
fund acquisition, MNH; and critical revisions and finaliz-
ing, MNH. 

References 
[1] Sarker MT. Pangus chash babosthapana management of pangus 

culture. Department of Fisheries, Dhaka, Bangladesh, 25p, 2000. 
[2] Belton B, Karim M, Thilsted S, Murshed-E-Jahan K, Collis W, Phillips 

M. Review of aquaculture and fish onsumption in Bangladesh. 
WorldFish Center, Dhaka, Bangladesh, 2011.

[3] DoF. Yearbook of fisheries statistics of Bangladesh, 2017-
18. Fisheries Resource Survey system (FRSS), Department of 
Fisheries, Ministry of Fisheries and Livestock, Dhaka, Bangladesh, 
129p, 2018.

[4] Rajts F, Shelley CC. Guide to improving live fish transportation 
with special attention to the COVID-19 pandemic in bangladesh 
and other tropical developing countries 2020. WorldFish, Penang, 
Malaysia, 22p, 2020.

[5] Berka R. The transport of live fish. A review. EIFAC Technical Paper 
1986. Food and Agriculture Organization of the United Nations, 
Rome, Italy, vol. 48, 52p, 1986. 

[6] Floyd RF. Stress, its role in fish disease. IFAS Extension. CIR. 
University of Florida, Gainesville, FL, p 919, 2002.

[7] Portz DE, Woodley CM, Cech JJ. Stress-associated impacts of 
short-term holding on fishes. Rev Fish Biol Fish 2006; 16:125–70; 
https://doi.org/10.1007/s11160-006-9012-z 

[8] Hossain MM, Bhuiyan ANMRK, Hossain MA, Uddin MN, Hossain MI, 
Haider MN. Follow-up of bacterial and physicochemical quality of 
water during live transportation of Climbing perch (Anabas testu-
dineus) in Bangladesh. J Adv Biotechnol Exp Ther 2021; 4:149–60; 
https://doi.org/10.5455/jabet.2021.d115 

[9] Amend DF, Croy TR, Goven BA, Johnson KA, McCarthy DH. 
Transportation of fish in closed systems: methods to control 
ammonia, carbon dioxide, pH, and bacterial growth. Trans Am Fish 
Soc 1982; 111:603–11; https://doi.org/10.1577/1548-8659(198
2)111<603:TOFICS>2.0.CO;2

[10] El-Shafai SA, Gijzen HJ, Nasr FA, El-Gohary FA. Microbial quality 
of Tilapia reared in fecal-contaminated ponds. Environ Res 2004; 
95:231–8; https://doi.org/10.1016/j.envres.2004.01.002 

[11] Shewan JM. The bacteriology of fish spoilage and preservation. 
In: Hockenhull DJD (ed.). Progress in industrial microbiology, 
Heywood Books, London, UK, vol. 6, pp 169–208, 1967.

[12] Pal D, Gupta CD. Microbial pollution in water and its effect on fish. 
J Aquat Anim Health 1992; 4:32–9; https://doi.org/10.1577/1548
-8667(1992)004<0032:MPIWAI>2.3.CO;2

[13] Ross LG, Ross BR. Anaesthetic and sedative techniques for aquatic 
animals. Blackwell Science, Oxford, UK, p 159, 1999. 

[14] Bolivar RB, Aragones MD, Garcia GG. Effect of methylene blue and 
sodium chloride on the bacterial load in the transport water with 
Nile tilapia (Oreochromis niloticus) fingerlings. In: Bolivar R, Mair 
G, Fitzsimmons K, editors. Proceedings of the Sixth International 
Symposium on Tilapia in Aquaculture; Manila, Philippines; p. 
188–98,2004.

https://doi.org/10.1007/s11160-006-9012-z
https://doi.org/10.5455/jabet.2021.d115
https://doi.org/10.1577/1548-8659(1982)111
https://doi.org/10.1577/1548-8659(1982)111
https://doi.org/10.1016/j.envres.2004.01.002
https://doi.org/10.1577/1548-8667(1992)004
https://doi.org/10.1577/1548-8667(1992)004


http://bdvets.org/javar/	 	 77Bhuiyan et al. / J. Adv. Vet. Anim. Res., 9(1): 66–77, March 2022

[15] Faruk MAR, Akter S, Ferdous Z, Rana KS. Individual and combined 
effects of two selected chemicals on bacterial load during trans-
portation of Tilapia (Oreochromis niloticus) fry. Asian J Med Biol 
Res 2019; 5:14–9; https://doi.org/10.3329/ajmbr.v5i1.41040 

[16] Islam MS, Siddika A, Khan MNH, Goldar MM, Sadique MA, Kabir 
ANMH. Microbiological analysis of tube-well water in a rural area 
of Bangladesh. Appl Environ Microbiol 2001; 67:3328–30; https://
doi.org/10.1128/AEM.67.7.3328-3330.2001 

[17] Mayer BK, Ward DR. Microbiology of finfish and finfish pro-
cessing. Microbiol Mar Food Prod 1991:3–17; https://doi.
org/10.1007/978-1-4615-3926-1_1

[18] Adams MR, Moss MO. Food microbiology. 3rd edition, Royal Society 
of Chemistry, Cambridge, UK, p 463, 2008.

[19] LeChevallier MW. Coliform regrowth in drinking water. A 
review. J Am Water Work Assoc 1990; 82:74–86; https://doi.
org/10.1002/j.1551-8833.1990.tb07054.x 

[20] Bui TM, Phuong NT, Nguyen GH, De Silva SS. Fry and finger-
ling transportation in the Striped Catfish, Pangasianodon 
Hypophthalmus, Farming Sector, Mekong Delta, Vietnam: a pivotal 
link in the production chain. Aquaculture 2013; 388–391:70–5; 
https://doi.org/10.1016/j.aquaculture.2013.01.007 

[21] Froese R. Insulating properties of styrofoam boxes used for trans-
porting live fish. Aquaculture 1998; 159:283–92; https://doi.
org/10.1016/S0044-8486(97)00226-3 

[22] Khalil MA, Beltagy EA, Fattah El, El-Naga EHA, Elshenawy MA, 
Kelany MS. Seasonal bacteriological and physico-chemical analysis 
of lake Timsah, Ismailia, Egypt. Life Sci J 2014; 11:9–17.

[23] Engdaw F. Physioco-chemical parameters and bacteriological qual-
ities of water samples from wastewater treatment pond, University 
of Gonder, Ethiopia. Int J Pharm Res 2014; 12:192–7. 

[24] Pramod PK, Sajeevan TP, Ramachandran A, Thampy S, Pai SS. 
Effects of two anesthetics on water quality during simulated 
transport of a tropical ornamental fish, the Indian Tiger barb 
Puntius filamentosus. N Am J Aquac 2010; 72:290–7; https://doi.
org/10.1577/a09-063.1 

[25] Treasurer JW. Changes in pH during transport of juvenile cod 
Gadus morhua L. and stabilisation using buffering agents. 
Aquaculture 2012; 330:92–9; https://doi.org/10.1016/j.
aquaculture.2011.12.021 

[26] Boyd CE, Tucker CS. Chemical, physical, and biological treatments. 
Pond Aquatic Water Quality Management, Springer, Boston, MA, pp 
498–540, 1998; https://doi.org/10.1007/978-1-4615-5407-3_13 

[27] Lim LC, Dhert P, Sorgeloos P. Recent developments and 
improvements in ornamental fish packaging systems for 
air transport. Aquac Res 2003; 34:923–35; https://doi.
org/10.1046/j.1365-2109.2003.00946.x 

[28] Conte FS. Stress and the welfare of cultured fish. Appl Anim 
Behav Sci 2004; 86:205–23; https://doi.org/10.1016/j.
applanim.2004.02.003

[29] Fries JN, Berkhouse CS, Morrow JC, Carmichae GJ. Evaluation of an 
aeration system in a loaded fish-hauling tank. Progress Fish Cult 
1993; 55:187–90; https://doi.org/10.1577/1548-8640(1993)05
5<0187:EOAASI>2.3.CO;2 

[30] Barton BA. Stress in fishes: a diversity of responses with particular 
reference to changes in circulating corticosteroids. Integr Comp 
Biol 2002; 42:517–25; https://doi.org/10.1093/icb/42.3.517 

[31] Browman MW, Kramer DL. Pangasius sutchi (Pangasiidae), an 
air-breathing catfish that uses the swimbladder as an accessory 
respiratory organ. Am Soc Ichthyol Herpetol 1985; 4:994–8; 
https://doi.org/10.2307/1445253

[32] Dhanasiri AKS, Kiron V, Fernandes JMO, Bergh O, Powell MD. 
Novel application of nitrifying bacterial consortia to ease ammo-
nia toxicity in ornamental fish transport units: trials with 
Zebrafish. J Appl Microbiol 2011; 111:278–92; https://doi.
org/10.1111/j.1365-2672.2011.05050.x 

[33] Durborow RM, David MC, Martin WB. Ammonia in fish ponds. J 
Fish Res Board Canada 1997; 32:2379–83.

[34] Golombieski JI, Silva LVF, Baldisserotto B, Da Silva JHS. Transport 
of silver catfish (Rhamdia quelen) fingerlings at different times, 
load densities, and temperatures. Aquaculture 2003; 216:95–102; 
https://doi.org/10.1016/S0044-8486(02)00256-9 

[35] King HR. Fish transport in the aquaculture sector: an over-
view of the road transport of atlantic salmon in Tasmania. J Vet 
Behav Clin Appl Res 2009; 4:163–8; https://doi.org/10.1016/j.
jveb.2008.09.034 

[36] Tay YL, Loong AM, Hiong KC, Lee SJ, Tng YYM, Wee NLJ. Active 
ammonia transport and excretory nitrogen metabolism in the 
climbing perch, Anabas testudineus, during 4 days of emersion or 
10 minutes of forced exercise on land. J Exp Biol 2006; 209:4475–
89; https://doi.org/10.1242/jeb.02557 

[37] Gomes LC, Brinn RP, Marcon JL, Dantas LA, Brandao FR, De 
Abreu JS. Benefits of using the probiotic efinol®l during trans-
portation of cardinal tetra, Paracheirodon axelrodi (Schultz), 
in the Amazon. Aquac Res 2009; 40:157–65; https://doi.
org/10.1111/j.1365-2109.2008.02077.x 

[38] Carneiro PC, Kaiseler PH, Swarofsky EA, Baldisserotto B. Transport 
of Jundia rhamdia quelen juveniles at different loading densities: 
water quality and blood parameters. Neotrop Ichthyol 2009; 
7:283–8; https://doi.org/10.1590/S1679-62252009000200021 

[39] Shrivastava J, Sinha AK, Cannaerts S, Blust R, De Boeck G. Temporal 
assessment of metabolic rate, ammonia dynamics and ion-status 
in common carp during fasting: a promising approach for optimiz-
ing fasting episode prior to fish transportation. Aquaculture 2017; 
481:218–28; https://doi.org/10.1016/j.aquaculture.2017.09.008 

[40] Huang S, Chen C, Peng X, Jaffe PR. Environmental factors affecting 
the presence of acidimicrobiaceae and ammonium removal under 
iron-reducing conditions in soil environments. Soil Biol Biochem 
2016; 98:48–158; https://doi.org/10.1016/j.soilbio.2016.04.012

[41] Emerson K, Russo R, Lund RE, Thurston RV. Aqueous ammonia 
equilibrium calculations: effect of ph and temperature. J Fish Res 
Board Canada 2011; 32(12):2379–83; https://doi.org/10.1139/
f75-274

[42] Garcia-Ochoa F, Gomez E, Santos VE, Merchuk JC. Oxygen uptake 
rate in microbial processes: an overview. Biochem Eng J 2010; 
49:289–307; https://doi.org/10.1016/j.bej.2010.01.011 

[43] Power KN, Nagy LA. Relationship between bacterial regrowth and 
some physical and chemical parameters within sydney’s drinking 
water distribution system. Water Res 1999; 33:741–50; https://
doi.org/10.1016/S0043-1354(98)00251-6 

[44] Tsushima I, Kindaichi T, Okabe S. Quantification of anaerobic 
ammonium-oxidizing bacteria in enrichment cultures by real-
time PCR. Water Res 2007; 41:785–94; https://doi.org/10.1016/j.
watres.2006.11.024 

https://doi.org/10.3329/ajmbr.v5i1.41040
https://doi.org/10.1128/AEM.67.7.3328-3330.2001
https://doi.org/10.1128/AEM.67.7.3328-3330.2001
https://doi.org/10.1007/978-1-4615-3926-1_1
https://doi.org/10.1007/978-1-4615-3926-1_1
https://doi.org/10.1002/j.1551-8833.1990.tb07054.x
https://doi.org/10.1002/j.1551-8833.1990.tb07054.x
https://doi.org/10.1016/j.aquaculture.2013.01.007
https://doi.org/10.1016/S0044-8486(97)00226-3
https://doi.org/10.1016/S0044-8486(97)00226-3
https://doi.org/10.1577/a09-063.1
https://doi.org/10.1577/a09-063.1
https://doi.org/10.1016/j.aquaculture.2011.12.021
https://doi.org/10.1016/j.aquaculture.2011.12.021
https://doi.org/10.1007/978-1-4615-5407-3_13
https://doi.org/10.1046/j.1365-2109.2003.00946.x
https://doi.org/10.1046/j.1365-2109.2003.00946.x
https://doi.org/10.1016/j.applanim.2004.02.003
https://doi.org/10.1016/j.applanim.2004.02.003
https://doi.org/10.1577/1548-8640(1993)055
https://doi.org/10.1577/1548-8640(1993)055
https://doi.org/10.1093/icb/42.3.517
https://doi.org/10.2307/1445253
https://doi.org/10.1111/j.1365-2672.2011.05050.x
https://doi.org/10.1111/j.1365-2672.2011.05050.x
https://doi.org/10.1016/S0044-8486(02)00256-9
https://doi.org/10.1016/j.jveb.2008.09.034
https://doi.org/10.1016/j.jveb.2008.09.034
https://doi.org/10.1242/jeb.02557
https://doi.org/10.1111/j.1365-2109.2008.02077.x
https://doi.org/10.1111/j.1365-2109.2008.02077.x
https://doi.org/10.1590/S1679-62252009000200021
https://doi.org/10.1016/j.aquaculture.2017.09.008
https://doi.org/10.1016/j.soilbio.2016.04.012
https://doi.org/10.1139/f75-274
https://doi.org/10.1139/f75-274
https://doi.org/10.1016/j.bej.2010.01.011
https://doi.org/10.1016/S0043-1354(98)00251-6
https://doi.org/10.1016/S0043-1354(98)00251-6
https://doi.org/10.1016/j.watres.2006.11.024
https://doi.org/10.1016/j.watres.2006.11.024

