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ABSTRACT
The changes in physico-chemical characteristics of ambient water during transportation of fish causes stress and mortality.
In this prelude, the present investigation involved the measurement of Physico-chemical characteristics of water (TAN, pH,
and dissolved oxygen), biochemical parameters (serum total protein; serum glutamic-oxaloacetic transaminase, SGOT) during
simulated transportation of Labeo rohita fingerlings using water additives. Four treatments of water additives were used in
combination as T1 (1g glucose + 2g sodium chloride)/L, T2 (2g glucose + 2g sodium chloride)/L, T3 (1g glucose + 4g sodium
chloride)/L, and T4 (2 g glucose + 4g sodium chloride)/L along with a control group, an experiment was conducted in triplicate.
Before and after 12 h transportation, water quality and serum sampling were carried out. The analysis of the water quality
parameters and serum sample showed a significantly higher (p<0.05) level of total ammonia nitrogen, lower pH, lower serum
total protein, and higher SGOT activity in the control group after transportation. Whereas, a significantly (p<0.05) lower stress
response and water quality values were observed in the treatment group indicating the potency of water additives in ameliorating
the transportation stress, and in turn increases the survival rate of the IMC, Labeo rohita fingerlings after the transportation.
HIGHLIGHTS
mm Transportation stress causes a significant alteration of water quality and serum biochemical parameters.
mm Use of water additive (1g glucose+ 4g sodium chloride) provides higher survival and lower stress response during
transportation.
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The success of the fish culture system is dependent upon
the stocking of healthy and quality seeds. The seed is
the fundamental requirement in a fish culture system.
The aquaculture sector is regarded as one of the fastestgrowing food production sectors continuing to gain its
significance in providing food and nutrition globally
(Food and Agriculture Organization, 2018). Although the
aquaculture sector is growing at a fast pace, the major
obstacle responsible for impeding the growth of this sector
is ‘stress’. The occurrence of various kinds of stressors
is very frequent in an aquaculture system ultimately
causing the elevated expenditure of energy, obstruction
in growth, disease susceptibility, reproduction failure, and
even mortality (Schreck, 2010; Tort, 2011). Due to this,

mitigation of stress from the aquaculture sector emerges
as a budding researchable issue in the current scenario.
Among all the different kinds of stress in aquaculture
sector, transportation stress occupies a prominent
position since transportation of fish seed from hatchery to
geographically distant culture system is an indispensable
yet severely stressful process (Koolhaas et al., 2011).
Transportation of fish seeds in plastic bags is a popular
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method and due to its economic feasibility for long-distance
transportation, it is a widely accepted method worldwide
(Jhingran and Pullin, 1985; Becker et al., 2012). However,
it is reported that during such a mode of transportation,
fishes experience several negative effects in their body
physiology. This is due to alteration in physicochemical
characteristics of transport water such as elevation in
water ammonia, decrease in dissolved oxygen, decrease
in water pH (Iversen et al., 2009; Parodi et al., 2014).
On a note, the severity of transportation stress depends
upon the duration of transport and the physico-chemical
characteristic of water (Das et al., 2015).
There are several reports presently evaluating the efficiency
of various kinds of water additive in the transport water
(Iversen et al., 2009; Becker et al., 2012). In this present
experiment, the idea behind the addition of sodium
chloride is to decrease the osmotic gradient difference
between the body fluid and ambient water (Kamalam et
al., 2017), and glucose was used to act as an energy source
for the fish body. As herbivorous fishes are more tolerant
to the monosaccharide glucose, it was expected it will not
affect the fishes negatively and will supplement the extra
energy requirement (Polakof et al., 2012).
The change in the water quality parameters leads to an
increase in the metabolic rate (Oyoo-Okoth et al., 2011).
This elevated metabolic rate leads to the increased
degradation of body protein to sustain the increased energy
demand of the body via gluconeogenesis (Chatterjee et
al., 2006). Thus, the ultimate change in the water quality
such as pH, ammonia, and dissolved oxygen along with
biochemical parameters such as serum total protein value
and SGOT level will depict the efficiency of this particular
water additive. Thus, the objective of this experiment
was to understand the efficacy of these aforementioned
water additives in combination based on physicochemical
parameters of water, biochemical parameters, and survival
post 12 h transportation.
MATERIALS AND METHODS
Experimental animal
Commercially procured L. rohita fingerlings (4.5±0.5
g) (mean weight + SD) were acclimatized in laboratory
conditions for three weeks. A circular plastic tank of 1000
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L capacity was used for rearing them in acclimatized
condition, in which optimal water quality (water
temperature 25-27 °C, pH 7.5-7.7, dissolved oxygen 5.7
± 0.8 mg. L-1) was maintained. During that period fishes
were fed at 3% of their body weight with a diet containing
30% protein. However, before the transportation, the fishes
were starved for 24 hours to release the fecal waste, which
could prevent affecting the water quality of transport bags
to some extent.
Experimental procedure and sampling
Experimental fishes were collected and packed in plastic
bags (35 x 20 cm) containing 1 L of water and oxygen up
to two-third volume. Twenty fishes were packed in each
plastic bag and additives were added in four treatments
and control groups. The treatments administered were T11g glucose + 2g sodium chloride in 1 L of water, T2- 2g
glucose + 2g sodium chloride in 1 L water, T3- 1g glucose
+ 4g sodium chloride in 1 L water, and T4-2 g glucose+
4g sodium chloride in 1 L water. Simulated transportation
of fishes was carried for 12 h by keeping them on a
mechanical shaker platform rotating at a speed of 110
rpm. To prevent the outer environmental temperature
from affecting the transported fishes, the fish packets were
placed in a Styrofoam box.
The sampling of transport water was done once before
packing and after the 12 h transportation. Similarly, the
blood and tissue sampling were carried out both before
and immediately after the 12 h transportation. The sampled
blood was collected, and after clotting, it was centrifuged
at 5000 rpm for 5 minutes to collect the serum. Dead fishes
were counted and discarded.
Physicochemical parameters of water
Water quality parameters were analyzed before the
transportation (0 h) and after 12 h of transportation.
The dissolved oxygen method was measured following
Winkler’s method. Following the standard protocol of
APHA (2005), the total ammonia-nitrogen value was
measured with the help of a spectrophotometer in the
phenate method. Water pH was measured by using digital
pH meter (LABINDIA). Water temperature was determined
using a dry bulb mercury-in-glass thermometer.
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Biochemical parameters
The level of serum total protein and serum glutamic
pyruvic transaminase (SGOT) was analyzed by CK-NAC
kits (NAC activated method, kinetic, Erba Mannheim,
TransAsia Bio-medicals, Daman, India).
Survival
Immediately after transportation, the dead fish numbers
were counted. Dead fish were discarded and the survival
data was reported.
Statistical analysis
Statistical analysis of different serum biochemical was
done using one-way analysis of variance (ANOVA) in
SPSS 16.00 using Duncan’s multiple range tests. Data is
presented in terms of mean ± standard error with 5% level
of significance.
RESULTS AND DISCUSSION
Water quality parameters
During transportation alteration of physicochemical
characteristics of water, particularly changes in critical
parameters such as dissolved oxygen, total ammonia
nitrogen, pH, and temperature are responsible for impacting
the seed survival (Portz et al., 2006). The physicochemical
parameters of transport water were recorded both before
and after transportation. The dissolved oxygen level of
all the treatments and the control group was found to
be insignificant to each other (Table 1). This finding is
corroborated by the previous reports where the prolonged
48 h transportation of the high oxygen demanding rainbow
trout fingerlings did not show any significant difference
in the dissolved oxygen content of the transport water
(Kamalam et al., 2017). It has been reported earlier that
during transportation stress, the fish changes its behavior
and due to hyperactivity related to increased respiration
rate, the dissolved oxygen concentration tends to deplete
in the transport water (Kutty, 1987). However, in closed
system transportation under a pressurized oxygen
atmosphere, the dissolved oxygen content is not usually
fluctuated (Lim et al., 2003).
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Table 1: Dissolved oxygen and water temperature value in
transport water (before and after transportation) with addition
of glucose+ sodium chloride in combination. Data is represented
in mean ± SE, p value ≤ 0.05 and various superscripts represent
the significant levels
Dissolved Oxygen (mg. L-1)
Before Transportation Treatment
After transportation
Control
8.1b ± 0.35
T1
7.9c ± 0.33
8.5a ± 0.24
T2
8.3b ± 0.37
T3
8.2b ± 0.25
T4
8.3b ± 0.34
Water Temperature (ºC)
Control
30 ± 1
T1
30 ± 1
30 ± 1
T2
30 ± 1
T3
30 ± 1
T4
30 ± 1

Further, there was no significant difference in the
water temperature of ambient water among the control
and treatment groups after the transportation (Table
1). The level of total ammonia nitrogen was found to
be significantly (p<0.05) higher in control fishes in
comparison to the treatment groups after transportation.
However, among the treatments, there was no statistically
significant difference between T3 and T4 group (Table 2)
existed.
Table 2: Total ammonia nitrogen and water pH value in
transport water (before and after transportation) with addition
of glucose+ sodium chloride in combination. Data is represented
in mean ± SE, p value ≤ 0.05 and various superscripts represent
the significant levels
Total ammonia nitrogen (mg-N. L-1)
Before Transportation Treatment
After transportation
Control
3.56b ± 0.14
T1
2.20c ± 0.17
0.14a ± 0.01
T2
2.00c ± 0.11
T3
1.54d ± 0.16
T4
1.43d ± 0.12
Water pH
Control
6.4b ± 0.20
T1
6.6a ± 0.38
7.3a ± 0.02
T2
6.7a ± 0.49
T3
7.1a ± 0.35
T4
6.9a ± 0.24
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In the present study, a significant difference (p<0.05)
in pH value was observed in the control group in
comparison to the treatments after transportation (Table
2). Transportation usually leads to a decrease in pH of
transport water.
Here, the decrease in pH of transport water might be
attributed due to the increased metabolic rate followed
by an increased level of carbon dioxide as a respiration
by-product (Hong et al., 2019). Carbon dioxide leads to
the formation of carbonic acid in the water, which further
dissociates to produce more hydrogen ion, and thus, it
acidifies the transport water by decreasing its pH (Wurts,
2003; Singh et al., 2004).
All these above changes of increased TAN concentration,
carbon dioxide concentration, and decreased pH have
shown to synergistically affect and decrease the oxygenbinding affinity of hemoglobin (Biswas, 1990). These
kinds of alterations of water quality generally occur in
the transportation of almost all fishes, which ultimately
disturbs the homeostasis process and affects the body
physiology (Sampaio and Freire, 2016).
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Serum biochemical parameters
The serum total protein level was found to be significantly
(p<0.05) lower in the control group fishes in comparison
to treatments after transportation (Fig. 1). This finding
goes per the experiment where transportation stress
led to the decrease of serum total protein of Cyprinus
carpio (Dobšíková et al., 2006). Alteration in the level
of serum total protein is often used as an indicator of
fish health (Tahmasebi-kohyani et al., 2012). However,
it’s reported that ammonia is the by-product of protein
metabolism. Thus, the result of higher total ammonia level
supports the finding of significantly decreased protein
concentration in control fish. It signifies that the control
group fishes were in severe stress which led to an extra
energy requirement leading to protein degradation. The
highest value of serum total protein was observed in T3
group in comparison to other treatments. This might be
attributed to efficacy of water additives which might have
decreased the energy demand of treatment group fishes,
leading to decreased protein degradation in comparison to
the control group.
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Due to metabolic excretion in a small confined environment
and exaggerated movement pattern in plastic bags,
transport water changes its water quality. Transportation
is a stressful process, which increases the metabolism of
fishes during that time. Increased metabolism leads to the
deamination of protein, resulting in increased excretion
of ammonia (Randall and Tsui, 2002). After reaching
a certain level of total ammonia nitrogen content in the
water, the fish body will impede the further excretion of
ammonia, which will lead to the deposition of ammonia
nitrogen in the body fluid and thus hinders its oxygencarrying capacity. This condition leads to the mortality of
fishes during transportation (Hong et al., 2019). Thus, in
this study increased total ammonia nitrogen in the control
group transport water may indicate higher stress and
higher metabolic activity during transportation, leading
to increase excretion of ammonia. Similarly, Das et al.
(2015) have reported a change in total ammonia levels
in the transport water during the transportation of L.
rohita seeds. However, decreased ammonia levels in the
treatment groups transport water might suggest decreased
ammonia excretion and decreased metabolic activity due
to the effect of the additive.
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Fig. 1: Serum total protein level (before and after transportation)
with addition of glucose+ sodium chloride in combination.
Data is represented in mean ± SE, p value ≤ 0.05 and various
superscripts represent the significant levels

SGOT is an important enzyme that signifies the liver
function and often used as an indicator of hepatocellular
damage (O’Brien et al., 2000). This transaminase
enzyme is responsible for the transamination of amino
acid. After transportation serum SGOT level was found
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to be significantly (p<0.05) higher in the control group
compared to treatments. During the onset of stress,
increased activity of SGOT suggests the mobilization of
aspartate for gluconeogenesis (Chatterjee et al., 2006).
Elevated concentration of SGOT in transported fishes of
the control group indicates the liver damage (Refaey et al.,
2018). Among the treatments, the SGOT level was found
to be lowest in the T3 group (Fig. 2). Decreased SGOT
levels in the treatment fishes can signify the efficacy of
the additives, which decreased the energy demand to cope
with transportation stress. Also, the increased SGOT level
goes in accord with decreased serum total protein level in
the control group, indicating the increased occurrence of
transamination and gluconeogenesis.
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Fig. 2: SGOT level (before and after transportation) with addition
of glucose + sodium chloride in combination. Data is represented
in mean ± SE, p value ≤ 0.05 and various superscripts represent
the significant levels

In the present experiment, a significantly (p<0.05) lowest
percentage survivability was noticed in control groups after
12 h simulated transportation (Table 3). This observation
goes in accordance with the findings of the previous
parameters, where the highest ammonia level, lowest
pH value, lowest serum total protein concentration, and
highest SGOT level were seen in the control group fishes.
The highest percentage survival of L. rohita was obtained
in the T3 (1 g/L of glucose+4 g/L of sodium chloride) and
T4 (2 g/L of glucose+4 g/L of sodium chloride) group.
The probable mechanism of higher survivability may be
due to the addition of additive such as glucose which acts
as an extra source of energy supplementation and salt
might have helped in decreasing ion loss by lessening the
osmotic gradient difference from body fluid to an aquatic
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environment. This indicates the stress-relieving potential
of these water additives in particular concentrations.
Table 3: Percentage survivability of L. rohita fingerlings after
transportation (mixed with glucose + sodium chloride in ambient
water). Data is represented in mean ± SE, p value ≤ 0.05 and
various superscripts represent the significant levels
Treatment

Survival (%)

Control

87c ± 2.15

T1

91bc ± 2.18

T2

95b ± 2.25

T3

100a ± 0.00

T4

100a ± 0.00

CONCLUSION
Based on the previously mentioned observations, it can be
concluded that the optimum dose of the particular water
additive for ameliorating the transportation stress of Labeo
rohita fingerlings is 1g/L glucose+ 4/L g sodium chloride.
Further investigations are required to check the potency of
these water additives in case of other Indian major carps,
and other commercially important fishes.
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