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Introduction 

Live fish marketing mainly involves the 

transportation of fish after harvesting from 

the pond to the fish market in live condition 

for sale through the auctioneers. This process 

though tedious is carried out for the 

economic rewards it confers on the fish 

farmer or fish trader involved. Owing to the 

preference of people to buy live fish over 

dead or iced fish because of its freshness and 

taste,live fish fetches a price which is 

substantially higher than the price of dead or 

iced fish. This increment of price when 

calculated over 300-350 kg of fish makes for a 

significant amount and provides incentive to 

the farmer to undertake live fish marketing. 

Live fish marketing comprises the following 

steps: 
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In recent years, marketing of live freshwater fish has assumed 
great importance in the state of Odisha. This process involves 
fish transportation in suitable containers (1000 litres capacity) 
from the fish pond to the fish market in live condition for sale. 
This article seeks to describe the various technical and 
commercial aspects of marketing of live fish, including its 
profitability in the state of Odisha. The profitability of a business 
or private firm refers to its potential to earn profits through its 
operations. Live fish is sold in several markets of Odisha, namely 
Bhubaneswar, Balasore, Baripada, etc. Further, this article tries 
to identify the factors responsible for successful transportation 
of live fish. It also tries to identify the reasons for which fish 
farmers and fish traders do live fish marketing (LFM). The 
article makes an effort to find out the markets where live fish is 
sold within Odisha State. The fish is kept alive during transit 
from the pond to the market by continuous supply of oxygen to 
the water through various means of aeration. Hence, although 
the entire process is tedious, it is undertaken with the profit 
motive. At present, people in Odisha are increasingly interested 
in buying live fish in contrast to dead or iced fish owing to its 
freshness and taste. Consequently, live fish fetches a price which 
is 40-60 percent higher (per kg) than the price of dead or iced 
fish. Live fish marketing in Odisha is carried out by both the fish 
farmers (i.e. producers) and the traders (i.e. retailers). 
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•Harvesting the required quantity of fish and 

keeping the fish in boxtype hapanets in the 

source pond. 

•Loading the fish into plastic/polythene lined 

carrier of a truck filled with water from the 

source pond. 

•Moving fish from a pond to a market by 

truck while continuously aerating the water 

containing fish to maintain dissolved oxygen 

levels. 

•After reaching the market, the fish is 

removed from the water in small lots and is 

brought to the auctioneer’s platform. At the 

auctioneer, the lot is weighed and auctioned 

to various fish traders-mostly retailers. The 

retailers then take the fish to their respective 

locations, dress the fish and sell it to their 

customers. 

Objectives of the study 

(i) To identify the factors responsible for 

successful transportation of live fish. 

(ii) To identify the reasons for which fish 

farmers/fish traders do live fish marketing. 

(iii) To find out which are the markets where 

live fish gets sold in Odisha. 

Literature review  

The entire literature review has been 

organized on the following three aspects: 

(i) Transportation of live fish. 

(ii) Chemical procedures for water and fish 

treatment during transport of live fish. 

(iii) Live food fish markets of the world. 

The transportation of live fish 

The carriage of live fish from the farm to the 

market by truck is an important element of 

live fish vending besides meticulous reaping, 

sustaining and lifting the fish [10]. 

Transportation of live fish is a composite 

procedure where there is an elaborate 

interplay amongst the fish, the environment, 

the technical equipment, and various human 

factors. A few measures pertaining to the 

transport supply chain are as follows: (1) The 

groundwork phase, (2) making the fish ready 

(3), getting the transport vessel ready, (4) the 

filling up phase (5), the carriage phase, (6) 

the unburdening phase (7), cleanse and 

sanitize [12] .  

The transportation of fish from pond to 

market by truck while uninterruptedly 

oxygenating the water containing fish to 

maintain dissolved oxygen levels is the most 

crucial component of the entire process, since 

it assures the survivorship of a high 

proportion of fish by the time the truck 

reaches the market. The closed system and 

the open system are the two main methods 

used to transport live fish. The closed system 

is a watertight container that contains all the 

elements needed for survival. A watertight 

plastic bag that is partially filled with water 

and oxygen is the most basic of them. The 

open system comprises of water-filled vessels 

where the necessities of life are continuously 

supplied from external sources.  The plainest 

of these is a small tank with an aerator stone 

[1,2]. 

The main points and concepts 

accompanying fish transport are as follows: 

Quality of fish 

Since the length of travel is usually rather 

extended, several hours at least, it is vital to 

prepare the fish ready in advance. The fish 

must be fit and in good physical shape and 

should be stopped from having meals before 

being transported, to empty the stomach and 

digestive system and hence decrease the 

liberation of waste catabolic products that 

affect the quality of transport water [1,2]. 

Poor specimens ought to be removed from 

the batch, especially if the temperature 

during delivery is high [1]. 

Oxygen 

If the trip takes a long time, more oxygen 

must be supplied because the fish use up all 

of it during transportation [3]. It is important 
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to note that providing an appropriate amount 

of dissolved oxygen is the single most 

important factor in fish transportation. Still, a 

large amount of oxygen in a tank does not 

necessarily indicate that the fish are healthy. 

The fish species, age, mass, temperature, 

stress, and definite amount of dissolved 

oxygen and presence of other gases, all affect 

oxygen consumption during transportation. 

Without proper oxygen supply, the fish can 

perish in the transit tank. For Indian Major 

Carps, Chinese Carps, common carps, and 

other cyprinids, the lowest proposed 

dissolved oxygen (DO) level is 4 mg/litre [9]. 

As was previously noted, fish's ability to 

utilise oxygen is influenced by their tolerance 

to stress, water temperature, pH, carbon 

dioxide concentrations, and metabolic 

products like ammonia [1]. 

Fish weight and water temperature are 

the key determinants of oxygen intake by fish 

in relation to oxygen metabolism during 

transport [1]. 

Significant mortality is seen when 

transporting live fish because of insufficient 

oxygen in the water (Jhingaran, 1975). Prior 

to determine the fish density particular to 

each species, the duration of the transport, 

and the amount of water required for live fish 

transportation, it is imperative to 

comprehend the oxygen consumption rate. 

Understanding how much oxygen different 

types of carp fish require is necessary for live 

transportation. The verified average oxygen 

consumption has shown a clear decline in fish 

species from surface-dwelling through 

column-dwelling to bottom-dwelling. The 

following was the species-wise tendency: 

1060 g of silver carp (58.2 mg of oxygen per 

fish hour); 680 g of Catla (48.0 mg of oxygen 

per fish hour); 602 g of Rohu (41.5% of 

oxygen per fish hour); 1095 g of Mrigal 

(39.19 mg of oxygen per hour); 425 g of silver 

barb (21.25 mg of oxygen per fish hour); and 

795 g of common carp (11.75 mg of oxygen 

per fish hour).  

Different species of carps have shown 

dissimilar quantities of oxygen consumption 

during carriage [20]. 

Feeding state and oxygen consumption 

Freshly fed fish typically use oxygen at a rate 

that is significantly higher than that of 

starved fish because to increased physical 

activity and direct action-processing of food. 

Research indicates that when fish were fed, 

their oxygen consumption was more than 

twice as high as when they were not fed, and 

this increased consumption persisted for a 

while after the meal. Fish should not be fed 

for a minimum of twenty-four hours prior to 

being placed in the tightly packed 

circumstances of transport containers. It 

appears that anabolic processes of growth or 

tissue replacement, which only take place 

when the fish's maintenance energy 

requirements are met, are responsible for the 

meal-like imitation of oxygen consumption in 

a well-fed fish [13].   

PH, carbon dioxide and ammonia 

The amount of fish carried and how long they 

are carried affect the quality of the water [1]. 

The pH of the water is crucial because it 

directly affects how much toxic ammonia and 

carbon dioxide are present in the water [1]. 

Fish are negatively affected by increased 

carbon dioxide accumulations, which can also 

act as a barrier to fish transport. Carbon 

dioxide causes transport water to become 

acidic as a result of fish and bacterial 

breathing [1]. This lessens the ability of fish 

blood to transmit oxygen while also reducing 

the quantity of unionised ammonia in the 

water. Fish may perish even though oxygen 

levels appear to be adequate if carbon dioxide 

levels are high. The proper supply of fresh air 

is crucial for transport units. Tight coverings 

or lids on the units can produce an increase in 

carbon dioxide levels, which will stress the 

fish. If there is enough airflow, water 

oxygenation will reduce dissolved carbon 
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dioxide buildup. Ammonia levels in transport 

water increase as a result of bacterial action 

on the waste and breakdown of fish proteins. 

It is feasible to decrease the anabolic rate of 

fish, which in turn decreases ammonia 

generation, by lowering the water 

temperature and so reducing fish activity [1]. 

Only when a meal has been delayed long 

enough for the stomach and intestines to 

empty should fish be delivered. By doing so, 

the amount of ammonia produced by 

bacterial activity will be reduced. 

Ammonia excretion 

The circumstance regarding the availability of 

food for the fish determines the rate of 

ammonia excretion. Due to the crucial 

breakdown and synthesis of body protein, a 

hungry fish excretes ammonia more 

frequently. The pH and temperature 

determine the kind of dissolved ammonia, 

and only the unionised type (NH3) is 

extremely dangerous. [13]. 

While oxygenation can release CO2 and 

ammonia into the atmosphere, it is normally 

essential to replace the water after 4 hours, 

and then again after 5 to 6 hours [9]. 

Temperature 

A crucial factor is the temperature of the 

water. The pH remains higher and the fish 

metabolism declines in colder water. [1]. 

Because the water temperature in a 

tropical region can fluctuate greatly during 

the day, carriage is best done at night or in 

the early morning when conditions are at 

their lowest. High temperatures cause fish to 

have an accelerated metabolism, which 

increases their demand of oxygen and results 

in a considerable production of toxic carbon 

dioxide and ammonia [9]. 

Density and activity of transported fish 

The economics of transportation is impacted 

by the density of fish during transit. To match 

the quantity of fish, the amount of water 

transported must be as shallow as practical. 

It is challenging to establish a precise ceiling 

for the ideal transport density, which varies 

greatly depending on the species, size, and 

developmental stage. at salmon species, a 

rough estimate states that a density of up to 

90-100 kg/cubic metre may be tolerated at 

temperatures lower than 8 oC; if the 

temperature is higher than 8 oC, a density of 

up to 50 kg/cubic metre is advised.  

The proportion of fish in the total volume 

of transport water is another way to 

represent density [3]. 

When it comes to fry, the ratio of the 

volume of fish transported to the transport 

water shouldn't be more than 1:3 [1]. 

Much R&D has been encouraged by the 

Indian government to help with the 

transporting of live fish. To help farmers sell 

their food in live condition and increase 

revenue, the ICAR-Central Institute on Post 

Harvest Engineering and Technology- 

developed a device for shipping live fish. 

The Live Fish Carrier System (LFCS) is 

powered only by DC power sourced from four 

non-polluting lead acid batteries. Its entire 

carrying capacity is 500 kg, and it can operate 

for around 80 kilometres on a single charge 

[6]. 

Stress during live fish transportation 

Stress is characterised as a state in which the 

dynamic balance, or homeostasis, of animal 

species is jeopardised or disturbed due to the 

effects of inherent or non-innate stimuli, 

which are generally referred to as stressors.  

(i) Handling: Carriage and operating steps 

comprise multiple potential stressors such as 

catching, filling, carriage, unburdening, 

temperature differentials, water quality 

alterations and stocking. 

(ii) Crowding: Most favourable densities at 

filling up and in carriage tanks should always 

be ensured irrespective of financial benefit or 

comfort. 
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(iii) When the water temperature rises above 

the ideal range, thermal stress arises, causing 

stress reactions that require energy and 

perhaps reducing individual survivability [7]. 

As was previously indicated, minimising the 

stress on the fish is the biggest challenge 

when transporting live fish. According to 

Francis-Floyd (2002), stress is the result of a 

number of unfavourable conditions 

negatively impacting an animal's ability to 

maintain a normal physiological state. Fish 

can experience stress due to biological, 

chemical, or physical factors. [15]. 

The following are the actions to be taken 

to lessen transportation-related stress: 

Sustentation of water quality is the core of 

stress curtailment in live fish transportation. 

At the moment, farmers primarily take the 

following steps to manage pH: (i) add more 

pure oxygen; (ii) eliminate or nullify 

ammonia, (iii) add buffers to the water, (iv) 

abstain from food prior to transportation, (v) 

add salt or a mixture of sea water to reach 

isosmotic salinity, (vi) reduce temperature, 

(vii) use anaesthetics, and (viii) add 

probiotics [21]. 

Small amounts of oxygen or low water 

quality due to inadequate water replacement, 

which results in a build-up of expelled carbon 

dioxide and ammonia, can potentially cause 

stress throughout the conveyance [24]. 

Live fish transportation and welfare of fish 

Transporting live fish is a common practise in 

aquaculture, although it can have negative 

effects on the wellbeing of the fish. In order to 

grow or sell, live fish are frequently 

transported between farms or to 

marketplaces. Typical annoyances associated 

with live transportation include improper 

handling, exposure to the air, lack of food, 

poor water quality, inappropriate transit 

densities, sudden changes in water 

temperature, etc. Maintaining the health and 

welfare of live fish during transportation is a 

challenging task. Fish that have been 

transported exhibit physical signs of stress, 

and it is well recognised that severe stress 

lowers fish energy and increases fish 

mortality [8]. 

The fish farming industry cannot allow to 

disregard fish welfare when negative 

propaganda about it could affect sales 

substantially. The important spheres where 

welfare issues have existence at present are 

as follows: too high a stocking density, 

feeding procedures which do not get food to 

all of the fish, lack of success in knocking fish 

unconscious, pain in various circumstances, 

lack of adequate environmental arousal, 

disease control, transportation of live fish, 

etc. [17]. 

To reiterate, the welfare issues for farmed 

fish include the following: 

(i) With as little food deprivation period 

before catching, transporting, and killing as 

possible, fish are given sufficient nourishment 

according to species and age. (ii) An 

environment that is favourable for that 

species, with favourable levels of flowrate, 

light intensity, dissolved oxygen, ammonia, 

acidity, amount of organic matter, and other 

factors. (iii) Fostering environments with low 

risk of injury, avoiding harsh methods of 

capture and handling, and offering disease 

prevention (iv) Nurturing conditions in which 

fish do not experience fear and chronic stress, 

such as shielding fish from predators, treating 

fish with care while being captured and 

handled, and employing compassionate 

methods of slaughter (Relic et al., 2015) [16]. 

(iv) Nurturing conditions in which fish can 

exhibit normal species-specific behaviour, 

such as providing enough space for 

swimming.  

(ii) Chemical techniques for treating water 

and fish during live fish transport: 

An important aspect of the overall 

problem of fish transportation is the use of 

chemical ways to deal with the transport 

medium to increase the capacity volume of 

transport units and prevent harm to the fish's 

physiology and health. These techniques 
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include the use of anaesthetics, compounds 

that produce oxygen and harden water, 

bacteriostatic, buffering, and antifoam agents, 

among other things. 

Use of fish sedatives 

The fish should be sedated to limit oxygen 

use, carbon dioxide production, and ammonia 

production during transport. Deep sedation is 

undesirable, though, as the fish risk sinking, 

clumping together, and succumbing.  

Always give careful consideration to a 

chemical's legal position and any potential 

effects on the customer. Among the wide 

gamut of sedatives, the following appear to be 

utilized most regularly: 

A. chemical anaesthetic agents 

Triclone methane sulfonate (MS-222), 

benzocaine (etilparaaminobenzoate), 2-

phenoxyethanol, etomidate, and carbon 

dioxide are the most often used synthetic 

anaesthetics (Ross & Ross, 2008; Weber et al., 

2009) [4]. 

a. Tricainemethanesulfonate(MS-222): 

The MS-222 substance, which is found in a 

white, clear, and colourless talc, has a basic 

ethyl 3- aminobenzoate molecule. The goal of 

this composite has been stated by numerous 

studies as serving as fish anaesthesia (Zahl et 

al., 2012; Ghanawi et al., 2013) [4]. MS-222 is 

a very gentle tranquiliser and fish effortlessly 

recuperate from its repercussions even after 

a long condition of oblivion. 

Use and dosage of MS-222 

Tricaine methane sulphonate is used in 

aquaculture for regular course of actions such 

as selecting fish, classifying, carriage, and 

blood representative selection (Popovic et al., 

2012). 

Commonly, prescription of MS-222 

extends over 25 to 250 mg/litre in a water 

soak. Subjections greater than 10 minutes at 

>50 mg/litre may give rise to loss of life 

(Marking, 1967) [29]. 

 

b. Quinaldine (2-4methylchinolin) 

Because it contains poison, it needs to be 

handled carefully. When the fish are 

transported in a large volume of water, such a 

large tank, they are typically served with it 

[1]. 

c. phenoxyethanol 

It is a clear, colourless, barely odourless fluid 

that dissolves readily in water. It is used as a 

well-liked anaesthetic, bactericide, and 

fungicide that is beneficial for abdominal 

surgery or surgical incisions at a reasonably 

low cost. (Ross & Ross, 2008; Brown, 2011; 

Aqui-S, 2013) [4]. 

Use and dosage of phenoxyethanol 

Because of its immediate effects and short 

recovery period, phenoloxyethanol is 

frequently employed in aquaculture, 

according to Javadi Moosavi et al. (2014) 

(Shaluei et al. 2012; Javadi Moosavi et al. 

2014). Because of its accessibility, reliability, 

and effectiveness, it is widely used in the USA 

and the EU for research on aquarium fish and 

aquaculture (Coyle et al., 2004; Ogretmen and 

Gokcik, 2013), as well as to sedate aquarium 

fish and non-food fish during transportation 

(Brown, 2011). (Weber et al., 2009; Ucar and 

Atamanalap, 2010) [29]. 

Phenoxyethanol's effective anaesthetic 

doses range from 0.06 to 1.2 ml/litre for a 

variety of fish species. At doses between 0.1 

and 0.6 ml/litre, it has a broad margin of 

safety and has been documented to produce a 

range of effects, from mild drowsiness to 

surgical anaesthetic. 
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d. Benzocaine compounds 

This substance is colourless, flavourless, and 

odourless, and it resembles MS-222. The 

dosage is very similar to that of MS-

222.Compared to other readily available 

anaesthetic chemicals, this one is less 

expensive (Gomes, Chippari-Gomes, Lopes, 

Roubach, and Araujo-Lima, 2011). [4].  

e. etomidate 

The anaesthetic etomidate, which dissolves in 

water, has been widely used by fish 

experimenters. As opposed to employing MS-

222 anaesthesia, anaesthesia duration was 

completed in 1-2 minutes without aberrant 

activity, resulting in a quicker recovery (Aqui-

s, 2013; Ross & Ross, 2008) [4]. 

B. natural anesthetic agents 

a. Terrestrial resources: 

Researchers have claimed that specific 

earthbound flora contain anaesthetic 

substances. Clove oil (Eugenia aromaticum), 

according to some researchers, is the most 

effective natural substance used for fish 

anaesthesia (Aydin et al., 2015; Fernandos, 

Bastos, Barreto, Lourenco & Penhab, 2017) 

[4]. 

Clove oil is a dark brown liquid that is 

obtained by purifying the leaves, stem, and 

flowers of the clove plant Syzygium 

aromaticum (Eugenia caryophyllata). Eugenol 

(4-allyl-2-methoxyphenol, C10H12O2, molar 

weight: 164.2 g/ltr) and iso-eugenol (4-

propenyl-2-methoxyphenol), which together 

make up 90-95% of the weight of the oil, are 

the functional components of clove oil. 

Clove oil use and dosage 

Clove oil has been studied as a possible 

sedative for aquarium fish and other types of 

artificially bred fish (Holloway et al., 2004; 

Velisek et al., 2005 a,b, 2006). It is an 

interesting anaesthetic because, as noted by 

Griffiths (2000), Cho and Heath (2000), and 

Mylonas et al. (2005), it is reasonably priced 

and safe for both people and the 

environment. Doses of 2.0 to 150 mg/litre of 

clove oil are indicated for anaesthesia [29].  

Clove oil is prescribed for anaesthesia in 

doses ranging from 2.0 to 150 mg/litre [29].  

Clove oil prescriptions differed from 2.5 to 50 

mg/litre for hybrid striped bass (Morone 

chrysops x M saxatilis) (Davis and 

Griffin,2004), 5-9 mg/litre for largemouth 

bass micropterus salmoides (Cooke et al., 

2004) and between 100 (Small, 2003) and 

300 mg/litre(Waterstrat,1999) for channel 

catfish Ictalurus punctatus [14]. 

Clove oil has been widely utilized in 

multiple fish type, and the outcomes 

demonstrate that the material is a cost-

effective substitute for the chemicals utilized 

in fish anaesthesia(Ross & Ross, 2008) [18].  

b. aquatic resources: seaweed 

Seaweed has a variety of bioactivities and 

uses, making it a promising natural medium. 

Alkaloids, flavonoids, phenolics, steroids, 

tannins, and saponins are just a few of the 

functional composites found in E. cottonii 

seaweed. These compounds are sedatives or 

soporifics and are toxic to fish (Harborne, 

1987; Rahayu, 2015; Rohyani, Aryanti & 

Suripto, 2015).E. Cottonii is eligible to be 

used as an anaesthetic because of the 

presence of these substances [4]. 

Application of sodium chloride and calcium 

chloride 

By incorporating calcium and salt chlorides 

into the carrier water, fish operating stress 

and delayed death can be minimised. The 

calcium ion lessens salt and water 

equilibrium and metabolic problems, 

whereas the sodium ion tends to stiffen the 

fish and diminish mucus production [1]. 
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Salt loss from the circulation is accelerated 

by carrying stress and mucus loss, increasing 

the fish's energy requirements. Tetany (nerve 

and muscular spasms) and heart failure can 

both be brought on by uncontrolled salt loss. 

NaCl can be used to help freshwater fish feel 

less stressed by acting as an osmoregulatory 

tool (Burgdorf-Moisuk et al., 2011; Camargo 

et al., 2006) [27]. 

Chemicals as oxygen sources: 

Regarding the use of synthetic materials as 

oxygen sources during fish transportation, 

there are differing views. Using transported 

carp fry as test subjects, Huilgol and Patil 

(1975) found that adding one drop of 

hydrogen peroxide (6 percent concentration) 

to one litre of water increased the oxygen 

content by 1.5 mg/litre at 240 °C [1]. 

Nearly everywhere in the world, hydrogen 

peroxide is readily available as a medicinal 

mixture. As heat evolves, hydrogen peroxide 

decomposes into water and gaseous oxygen. 

In general, natural disintegration occurs 

slowly, although it can be accelerated by light 

or a broad range of components and 

composites (Schumb, 1955).  

The poisonous character of hydrogen 

peroxide indicates that if it is to be utilized as 

a wellspring of dissolved oxygen for fish 

transport, it must be utilized as a highly 

watered down mixture [19].  

Bacteriostatic chemicals 

Anti-bacterials are also used in transport 

units to prevent bacterial growth [1].  

Anti-bacterials are medicines of non-

artificial or chemical origin that have the 

power to eliminate or to restrain the 

ballooning of microbes. Penicilins, 

cephalosprins, carbapenems, streptomycin, 

neomycin, erythromycin, etc. are some 

instances of antibacterial medicines that are 

utilized in fish farms [28]. 

However, particular stress should be given 

to restricting utilization of antibacterial drugs 

and residue contamination in the fishing 

sector because of its potential dangers to 

public well-being and fighting antimicrobial 

resistance (AMR) for safe aquatic food 

production [11]. 

In addition to the above, utilizing iodine as 

a bactericide during fish carriage during 

aquaculture operations has a favourable role 

in sustaining a safeguarding level of resistant 

position and helping in bacterial disease 

resistance [22].  

Buffers 

Buffers like tris-buffer (tris hydroxyl methyl 

amino methane), among other synthetic 

supplements, are useful in maintaining pH at 

a desirable value of 7 to 8 [1]. 

Ammonia control 

It is advised to utilise clinoptilolite, a zeolite 

mineral, to control ammonia collection in the 

transport bags when it is predicted that the 

carriage would be extended [1]. 

Ammonia is the crucial final product in the 

disintegration of proteins in fish. Total 

ammonia nitrogen (TAN) consists of toxic 

(unionized) ammonia NH3 and non-

toxic(ionized) ammonia NH4+. Only a small 

part of the TAN exists as toxic (unionized) 

ammonia,and an equilibrium exists between 

it and the nontoxic ionized ammonia: 

NH3 + H+ = NH4+ 

The percentage of TAN in the toxic form 

escalates as the temperature and pH of the 

water magnify [25]. 

Two methods are usually used to control 

the collection of ammonia in transport water: 

blocking ammonia generation by modifying 

the catabolism of the fishes, and eliminating 

ammonia from the water after it has been 

excreted. Some suggested methods of 

reducing the catabolic rates (and hence the 
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rate of ammonia excretion of confined fishes) 

are decreasing the water temperature 

(Philips and Brockway, 1954; Voss, 1979), 

adding anaesthetics to the water (Philips and 

Brockway, 1954; Nemoto, 1957; Mc Farland, 

1960; Smit et al., 1977) and holding back food 

for a drawn out period before the fish are 

transported (Philips and Brockway, 1954;Van 

de Sande, 1974). 

A variety of ion-exchange organic 

substances have the capacity to eliminate 

ammonia from fresh water. Clinoptilolite is a 

naturally occurring zeolite with a typical unit-

cell formula of Na4K4Al8Si40O96.24H2O [26]. 

 Antifoam chemicals 

When pharmaceuticals are used to transport 

fish or on water that is significantly 

contaminated with organic waste (discharges 

and defecations, such as mucus and 

excrements), the formation of froth and 

rubbish can be extremely bothersome. Foam 

obscures the fish's movement and prevents 

oxygen from reaching to the water's surface 

[1].  

(iii) Live food fish markets of the world: 

The biggest markets for live fin fish products 

are frequently those with relatively wealthy 

populations, which include sizable numbers 

of Chinese citizens.  

(i) Hong Kong: 

Hong Kong is the principal destination for live 

fin fish imports from Australia. In 1995, 

28,213 tonnes of live fin fish were imported 

into Hong Kong, the majority of which were 

marine species (Sudari, 1996). The leading 

exporters of live marine fin fish to Hong Kong 

include China, Taiwan, Thailand, the 

Philippines, Malaysia, and Indonesia (Sudari, 

1996 [5]). 

In the Hong Kong live marine fish trade, 3 

sections can be identified: 

a. The indigenous home consumption market, 

b. The affordable restaurant market, and 

c. The expensive restaurant market. 

There are remarkable differences in demand 

and therefore price in the Hong Kong live fish 

market right through the year (Li,1996; 

Sudari,1996). 

Until the 1980s, live reef fish eaten in 

Hong Kong came mostly from local waters 

and the northern zone of the South China Sea 

(Johannes and Ripen, 1995). As coveted 

species became depleted locally and as 

market demand for magnitude and newness 

expanded, live fish were shipped or flown in 

from faraway places such as Indonesia, the 

Maldives, Australia and the Western Pacific. 

Imports of live fish increased from 2000 

tonnes in the late 1980s to about 15000 

tonnes by the mid-1990s. Hong Kong is the 

leading importer of live reef fish for food in 

South East Asia, comprising as much as 60% 

of the entire yearly regional commerce of 

25000 tonnes (Johannes and Reipen,1995) 

[30].  

(ii) Taiwan: 

In 1994, Taiwan received 59 tonnes of live 

marine fish imports, the majority of which 

came from Thailand (Sudari, 1996). The 

grouper made up 83% of all imports. 

Taiwanese customers favour live fish items 

more than Hong Kong consumers do, whereas 

oceanic species are less popular. Prices are 

often reduced as a result [5].  

(iii) Singapore: 

In 1994, imports of live marine fin fish into 

Singapore totaled 1841 tons, most (96%) 

have their origin from western Malaysia 

(Sudari,1996) [5]. 

(iv) Japan: 

Despite having the largest market in the 

world for seafood products, Japan's market 

for live fish products is less than Hong Kong's 

(Sudari, 1996). According to Sudari (1996) 

[5], Japan imports about 5000 tonnes of live 

fish annually. 

(v) Other markets: 

Although the major markets for live fin fish 

are Hong Kong, Southern China, Taiwan, 

Singapore, and Japan, additional markets for 

live seafood products are developing in Asia. 
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Due to rapid economic growth and rising 

income, live seafood markets are expected to 

grow significantly in South Korea, Malaysia, 

Thailand, Indonesia, and the Philippines 

(Sudari, 1996 [5]). 

Research gaps 

As the researcher was searching for extant 

literature on live fish marketing in Odisha, he 

stumbled upon the following discovery. There 

was practically no literature available on live 

fish marketing in Odisha, although live fish 

gets sold in several markets of the state. 

The conceptual framework 

Based on the steps involved in live fish 

marketing, a conceptual framework has been 

developed as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From the conceptual framework, it is clear 

that a high percentage of survival of fish at 

the market is very desirable, since more live 

fish at the market mean more money for the 

farmer and greater profits. During 

transportation, continuous aeration is 

essential, since more dissolved oxygen in the 

water mean less carbon dioxide and less 

ammonia and also less stress for the fish and 

better survival. Even after reaching the 

market, the water can be aerated by splashing 

with the aluminium vessel or by a 

recirculating diesel pump. Hence the one 

variable that ensures high survival and 

greater profitability is dissolved oxygen 

content of water and lack of stress to the fish. 

Data and methodology 

The study has used both primary and 

secondary data collected from various 

sources. Structured questionnaires were used 

to collect information from the wholesale and 

retail fish markets through key informant 

surveys. Two farmers(producers) and ten 

traders(retailers) were interviewed and 

asked to answer the questionnaire. 

The secondary information was collected 

from officials of Directorate of Fisheries, 

Cuttack. The survey was conducted in a few 

fish markets of Odisha, namely Bhubaneswar, 

Balasore and Baripada which are noteworthy 

for live fish sales and marketing. Information 

was collected on prices, mode of 

transportation used from pond to market, the 

various species sold etc. As mentioned earlier, 

several fish traders were also interviewed in 

the course of the study. 

 

 

 

 

 

 

 

Transporting the fish from pond to market by 

truck, while continuously aerating the water 

containing fish to maintain dissolved oxygen 

levels. 

After reaching the market, fish is removed from the 

truck and brought to auctioneer’s platform and 

auctioned to various fish traders-mostly retailers. 

Harvesting the required quantity of fish and 

keeping the fish in box type hapa nets in the 

source pond 

Retailers take the fish to respective locations, dress 

the fish and sell it to customers. 

Loading the fish onto plastic/polythene lined 

carrier of a truck filled with water from the source 

pond 
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TABLE 1 District-wise freshwater fish production in Odisha for the period 2016-17 to 2020-21 
Sl. 

no. 

District Freshwater 

Fish prodn in 

2016-17 

Freshwater 

Fish prodn in 

2017-18 

Freshwater 

Fish prodn in 

2018-19 

Freshwater 

Fish prodn in 

2019-20 

Freshwater 

Fish prodn in 

2020-21 

1. Cuttack 15260 17497 19955 22202 23927 

2. Jagatsinghpur 11091 12672 14361 16425 17603 

3. Kendrapara 10443 12392 14901 16077 17094 

4. Jajpur 15613 18266 19971 20146 21215 

5. Puri 17849 20583 24706 20845 20519 

6. Khurda 12423 14312 16355 18682 20061 

7. Nayagarh 9193 9750 11150 12102 12403 

8. Balasore 28812 35332 43274 46510 49510 

9. Bhadrak 15216 18160 18335 22265 23864 

10. Mayurbhanj 19704 23660 27202 30321 32428 

11. Sambalpur 19484 23223 23920 24959 26745 

12. Bargarh 25300 28690 31843 34475 36455 

13. Jharsuguda 6748 8095 9700 11062 11381 

14. Deogarh 5845 7150 8318 8906 9600 

15. Bolangir 7164 7652 8772 9621 10202 

16. Subarnapur 8135 8381 7579 8755 9470 

17. Dhenkanal 9421 10232 11760 13157 13662 

18. Angul 16069 18414 21355 22599 24232 

19. Keonjhar 14461 17360 19970 22002 23060 

20. Sundargarh 16814 18230 16557 18871 20561 

21. Ganjam 44600 51710 61403 61055 63152 

22. Gajapati 4750 5251 4239 4818 5218 

23. Kandhamal 1468 1605 1534 1527 1651 

24. Boudh 6297 7050 7695 8838 9656 

25. Kalahandi 20454 23199 25421 26786 28347 

26. Nuapada 4600 4392 4856 5404 5957 

27. Koraput 4927 5280 5873 6541 7280 

28. Rayagada 4545 5398 5435 7108 7580 

29. Nawarangapur 7910 8635 9228 8979 9459 

30. Malkangiri 9133 11615 10942 12011 12695 

 Grand Total 393730 454189 506608 543049 574983 

N.B: - Production Figures are in MT (metric tonnes); Source: Directorate of Fisheries, Cuttack, Odisha  

 
 

       FIGURE 1 Annual fish production in the Odisha State for 2016-21 
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Since the last few years, production of 

freshwater fish in Odisha is showing an 

upward trend. Hence a substantial percentage 

of the overall production can be subject to live 

fish marketing. Fish production is increasing 

in Odisha, as Table 1 on district-wise fish 

production proves. Statistical tools like mean, 

standard deviation, one sample t-test, ANOVA, 

Duncan’s Multiple Range Test, and multiple 

regression are used to study the trend in 

detail. The calculated t-value 4.860 has been 

found to be significant at 5% level (P<0.05) by 

taking the total production of the state on 

2016-17 (393730 MT) as base. This significant 

t-value indicates the acceptable growth of 

freshwater fish production in the Odisha state 

over the period of five years i.e. from 2016-17 

to 2020-21. 

 

TABLE 2 Multiple regression analysis on total fish production in Odisha for 2016-17 to 2020-21 

N.B: Dependent Variable: Production, Regression Coefficient R2 = 0.901. 

 

Table 2 presents the rate of growth of 

freshwater fish production over the period 

2016-21. The regression coefficient (R2) 0.901 

shows the good model fitting of annual fish 

production over the time. The rate of annual 

growth may be expressed mathematically as 

follow: 

Production = 359102.00 + 45136.6 * Year                        

(1)      

where, year is the independent variable, and 

production is the dependent variable Table 3 

and Figure 2 depict the percentile distribution 

of each zone in respect of total freshwater fish 

production. While central zone maintains the 

lead, the western and southern zones remain 

at middle and bottom respectively all through. 

While the contribution of central zone whirls 

around 40% of the total production of the 

state, the same oscillates around 32% and 

27% for western and southern respectively in 

that regard. 

TABLE 3 Pattern of total fish production in different revenue zones of Odisha for 2016-17 to 

2020-21 

 Years 

Zone 2016-17 2017-18 2018-19 2019-20 2020-21 

Central 
Total 155604 182624 210210 225575 238624 

% of Grand Total  39.5% 40.2% 41.5% 41.5% 41.5% 

Western 
Total 129441 147427 159774 174407 185368 

% of Grand Total  32.9% 32.5% 31.5% 32.1% 32.2% 

Southern 
Total 108684 124135 136626 143067 150995 

% of Grand Total  27.6% 27.3% 27.0% 26.3% 26.3% 

Total 
Grand Total 393729 454186 506610 543049 574987 

% of Grand Total  100.0% 100.0% 100.0% 100.0% 100.0% 

 

 
Unstandardized Coefficients Standardized Coefficients 

t Sig. 
B Std. Error Beta 

(Constant) 359102.000 11920.866  30.124 .000 

Year 45136.600 3594.276 0.991 12.558 .001 
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FIGURE 2 Zone-wise composition of total fish production in Odisha for 2016-17 to 2020-21. 

 

TABLE 4 Analysis of variance in total fish production in different revenue zones of Odisha for 

2016-17 to 2020-21 

N.B:* Significant at 5% level (P<0.05). 

 

The results of analysis of variance on total 

fish production for 2016-17 to 2020-21 in 

respect of different zones of Odisha (Table-4) 

give significant F-value (9.885) at 5% level 

(P<0.05). This shows there is significant 

difference in total fish production in different 

zone during this period. 

 

TABLE 5 Zone-wise mean and SD of total fish production for 2016-17 to 2020-21 

 Years Mean Over  

the Period Zone 2016-17 2017-18 2018-19 2019-20 2020-21 

Central 
Mean 15560.40 18262.40 21021.00 22557.50 23862.40 202527.40 A 

Std. Dev. 5723.00 7305.00 9173.95 9700.49 10435.62 33507.95 

Western 
Mean 12944.10 14742.70 15977.40 17440.70 18536.80 159283.40B 

Std. Dev. 6499.73 7541.51 8153.44 8593.41 9140.51 22025.63 

Southern 
Mean 10868.40 12413.50 13662.60 14306.70 15099.50 132701.40B 

Std. Dev. 12921.76 15043.63 18018.26 17793.38 18353.16 16641.23 

N.B: Similar Superscript over the means indicates their similarity and different superscripts 

indicate their difference at 5% level (P<0.05). 
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FIGURE 3 Total fish production in different revenue zones of Odisha for 2016-17 to 2020-21. 

 

Table 5 and Figure 3 presents the means and 

SDs of different revenue zones segregated 

from respective districts during this period. It 

is observed that central zone produces the 

highest freshwater fish and remains the top 

whereas southern zone produces least in 

every year. On the process, the central zone 

produces 202527.40 MT (SD 33507.95) 

freshwater fish annually whereas western and 

southern zone have mean annual figures as 

159283.40 MT (SD 22025.63) and 132701.40 

MT (SD 16641.23), respectively. The 

superscript “A” indicates the significant 

difference of central zone from the rest two 

similar zones (western and southern) with 

superscript “B” in respect of annual fish 

production. Hence, in consideration of 

quantity of fish production annually, central 

zone produces significantly more than other 

zones. Accordingly, people of central zone 

prefer culture as well as consumption of 

freshwater fish more than rest of Odisha.

 

TABLE 6 Cost of production per Kg of fish in Odisha 

Sl 

no. 

Activity(including expenses) Cost 

1. Pond preparation, bottom liming, water filling along with 

application of fertilizer, and manure for plankton generation 

Rs. 8-10 per kg of fish 

2. Cost of fish seed (advanced fingerling) Rs.5 per piece 

3. Cost of fish feed(formulated feed) Rs.45 per kg(of feed) 

4. Cost of lime and chemicals Rs.2 per kg of fish 

5. Medicines(probiotic and supplements) Rs.6 per kg of fish 

6. Miscellaneous expenses: staff salary, harvesting, and 

marketing expenses 

Rs. 12 per kg of fish 

7. Total cost of production Rs. 80 per kg of fish 

Source: Central Institute of Freshwater Aquaculture (CIFA), Bhubaneswar, 2022. 

 

Table 6 provides information on the cost of 

production that is incurred in producing 1 kg 

of fish in the context of Odisha: 

As far as profitability of live fish is concerned, 

the live fish sells for Rs 170/kg at Baripada, Rs 

150 /kg at Balasore and Rs. 200-220 /kg at 

Bhubaneswar, where iced fish fetches a price 

of Rs 100-130 /kg depending on size. 

The increment in price for live fish is more 

than 50% per kg over iced fish of comparable 
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size, which ensures a handsome profit for the 

farmer or trader involved in live fish 

marketing. 

Results and discussion 

Research Objective 1: To identify the factors 

responsible for successful transportation of 

live fish. By referring to the literature review, 

we can identify the factors with a bearing on 

the successful transportation of live fish. The 

main factors include Quality of fish, dissolved 

oxygen, water pH, carbon dioxide, ammonia, 

temperature, density of fish etc. The provision 

of a suitable amount of dissolved oxygen is the 

most crucial element in the transportation of 

live fish. Fish's capacity to utilise oxygen is 

influenced by their tolerance to stress, water 

temperature, pH, carbon dioxide 

concentrations, and metabolic products like 

ammonia. Research Objective 2: To identify 

the reasons for which fish farmers/fish 

traders do live fish marketing.Both fish 

farmers and fish traders carry out live fish 

marketing with the profit motive. As is clear 

from Table 3, the cost of production of 1 kg of 

fish in Odisha is Rs. 80 per kg. As is evident 

from a previous paragraph, live fish sells for 

Rs.150 /kg at the Balasore market and Rs. 170 

/kg at the Baripada market, assuring a 

handsome profit for the farmer. Along with 

the fish farmers, several fish traders were also 

interviewed in the course of the study. These 

traders (mainly retailers) collected the fish 

from Pipili area (near Bhubaneswar) and sold 

the fish at the Bhubaneswar Unit-IV market 

and also at the Ravi Talkies fish market in Old 

Town. One of the traders Bharat Behera 

reported that he collected his fish from the 

Balipatana area and brought his fish live to the 

Ravi talkies market in a crate filled with water 

and mounted on his motorcycle. He 

mentioned that fish ponds were harvested in 

the Balipatana area and about 15-25 kgs of 

fish were loaded in a crate filled with the pond 

water. The water in the crate vibrated due to 

the motion of his motorcycle and received 

oxygen from the atmosphere. He sells the 

following species to his customers: Rohu 

(Labeo rohita), Catla (Catla catla), and Mrigal 

(Cirrhinus Mrigala). His selling price for Rohu 

is Rs.200 /kg now. His selling price for Catla is 

Rs.220 /kg and for Mrigal is also Rs.220 /kg. 

Research Objective 3: To find out which are 

the markets where live fish gets sold in 

Odisha. The market places, where live fish gets 

sold in Odisha are mentioned in Table 7. The 

table provides a break-up of the districts and 

the market places in each district, where live 

fish gets sold within the state of Odisha. The 

main markets include Bhubaneswar (District-

Khurda), Balasore town (District-Balasore), 

Baripada (District-Mayurbhanj), etc. 

TABLE 7 Some Major Markets of Live Fish in Odisha 

District Market places 

Cuttack Khapuria, Nuabazaar, Jobra, CDA, and Mahanga 

Jagatsinghpur Jagatsinghpur, Raghunathpur, Kujanga, and Paradip 

Jajpur Balichandrapur, Jajpur town/road, Panikoili, Kuakhia, and Panchupandab 

Kendrapada Laxminarayanpur, Duhuria, Ali, Pattamundai, and Rajkanika 

Khurda Bhubaneswar, Khurda, Bhusandpur, and Balugaon 

Ganjam Berhampur, Bhanjanagar, Aska, and Ganjam 

Sundargarh Rourkela and Sundargarh 

Sambalpur Sambalpur, Dhanupalli, and Burla 
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Balasore Balasore and Remuna 

Puri Puri, Nimapara, Gop, and Astaranga 

Kalahandi Bhawanipatna, Kesinga, and Narla 

Mayurbhanj Betanati, Badasahi, Baripada, Astia, Udala, and Manitri 

Source: Directorate of Fisheries, Cuttack, Odisha, 2022. 

Conclusion 

Live fish marketing in Odisha is a profitable 

operation. The selling price of live fish in 

Odisha is much higher than the cost of 

production. This differential between the 

selling price and the cost of production 

determines the profitability of live fish 

marketing. Both the fish farmers and fish 

traders are interested to engage in the 

business owing to its profitability. This is also 

the reason live fish gets sold in several 

markets of the state. Furthermore, the 

demand for live fish in Odisha is owing to its 

freshness and superior taste. 

The other important aspect of live fish 

marketing is transportation of live fish from 

pond to market place in truck carriers filled 

with pond water, while continuously aerating 

the water to maintain dissolved oxygen levels 

in the water. Adequate dissolved oxygen in 

the transport water is the most crucial factor 

that keeps the fish alive until the truck 

reaches the market. The ability of fish to use 

oxygen is contingent on their tolerance to 

stress, water temperature, pH and 

concentrations of carbon dioxide and 

metabolic products such as ammonia. 

Acknowledgements 

The authors wish to thank and acknowledge 

the contributions from the fish farmers from 

Balasore, who sell live fish in Baripada and 

Balasore markets. They also wish to thank the 

fish traders (retailers) from Bhubaneswar, 

who were very forthcoming in providing 

relevant information about live fish. The 

authors also appreciate the support from the 

officials of Directorate of Fisheries, Cuttack 

and Central Institute of Freshwater 

Aquaculture (CIFA), Bhubaneswar who were 

very helpful in providing production and cost 

data on fresh water fish in Odisha. Without 

their active support and cooperation, it would 

not have been possible to complete this 

research paper. 

Ethical issues 

(If the manuscript is Original Article or 

Review, this field should be filled.) Central 

Institute of Freshwater Aquaculture (CIFA), 

Bhubaneswar, Odisha, India 

Competing interests 

Not Applicable 

Authors’ contributions 

The authors contributed in equal measure 

towards the manuscript with regard to 

selecting the criteria for farmers and traders, 

conceptual framework and methodology 

adopted for carrying out the research. All the 

authors participated in the data analysis, 

drafting and revision of the publication along 

with accepting responsibility for all 

components of this work. 

Orcid: 

Tapas Ranjan Das: 

https://www.orcid.org/0009-0009-7692-0800 

Abhishek Kumar: 

https://www.orcid.org/0000-0002-0876-3219 

Ipseeta Satpathy: 

https://www.orcid.org/0000-0002-0155-5548 

Arvind Tripathy: 

https://www.orcid.org/0000-0001-9778-4128 

https://www.orcid.org/0009-0009-7692-0800
https://www.orcid.org/0000-0002-0876-3219
https://www.orcid.org/0000-0002-0155-5548
https://www.orcid.org/0000-0001-9778-4128


P a g e  | 211  Maximizing profitability and freshness …  
 

References 

[1]  R. Berka. The transport of live fish: a 

review Rome, Italy: Food and Agriculture 

Organization of the United Nations, 1986, 48, 

1-52. [Google Scholar], [Publisher] 

[2]  A. Gopalakrishnan,Sobhana, K.S. Nair, R.J. 

Kathirvelpandian, A. Raja Swaminathan, T. 

Palaniswami, R. Najmudeen, T.M. Kuriakose, 

S. Mini, K.G. Chakraborty, R.D. Renaissance in 

Fisheries: Outlook and Strategies-Book of 

Abstracts 9th Indian Fisheries Forum, 

December Chennai, India. 2011, 23 [Google 

Scholar], [Publisher] 

[3]  O.I. Lekang, Aquaculture engineering. John 

Wiley & Sons, 2020.  [Google Scholar], 

[Publisher] 

[4]  N. Purbosari, E. Warsiki, K. Syamsu, 

Santoso, J. Natural versus synthetic anesthetic 

for transport of live fish: A review, 

Aquaculture and Fisheries, 2019, 4, 129-133. 

[Crossref], [Google Scholar], [Publisher] 

[5]  M.A. Rimmer, B.  Franklin, Development of 

live fish transport techniques, Brisbane, 

Australia: QDPI, 1997 [Google Scholar], 

[Publisher] 

[6] C. Mohan, Live Fish Carrier System (LFCS), 

ICAR-Central Institute on Post Harvest 

Engineering and Technology,Ludhiana, 2019. 

[7]  S. Omeji, Apochi, J.O, K.A. Egwumah, Stress 

concept in transportation of live fishes–a 

review, Journal of Research in Forestry, 

Wildlife and Environment, 2017, 9, 57-64. 

[Google Scholar], [Publisher] 

[8]  Y. Yang, T. Wang, Phillips, C.J.Q. Shao, E. 

Narayan, K. Descovich, Knowledge of, and 

attitudes towards, live fish transport among 

aquaculture industry stakeholders in China: a 

qualitative study, Animals, 2021, 11, 2678. 

[Crossref], [Google Scholar], [Publisher] 

[9] F. Rajts, C.C. Shelley, Guide to improving 

live fish transportation with special attention 

to the COVID-19 pandemic in Bangladesh and 

other tropical developing countries, 2020  

[Google Scholar], [Publisher] 

[10] P.A. Vikas, S. Subramanniyan, 

Innovative approach to market live fish at 

premium price-diversification initiative, 

Krishi Jagran, 2022, 1-3. [Google Scholar], 

[Publisher] 

[11] M.M. Hasan, K. Rafiq, M.R.A. Ferdous, 

M.T. Hossain, A.P.  Ripa, S.M.  Haque, 

Screening of antibiotic residue in transported 

live fish and water collected from different 

fish markets in Mymensingh district of 

Bangladesh, Journal of Advanced Veterinary 

and Animal Research, 2022, 9, 104-112 

[Crossref], [Google Scholar], [Publisher] 

[12] T.W. Rosten, T. Kristensen, Best 

practice in live fish transport, 2010. [Google 

Scholar], [Publisher] 

[13] A.L. Taylor, D.J. Solomonf, Critical 

factors in the transport of live freshwater 

fish: III the use of anaesthetics as 

tranquillizers, Aquaculture Research, 1979, 

10, 153-157. [Crossref], [Google Scholar], 

[Publisher] 

[14] H.  Kaiser, G. Brill, J. Cahill, P. Collett, K. 

Czypionka, A. Green, K. Orr, P. Pattrick, R. 

Scheepers,  T. Stonier, M.A. Whitehead, 

Testing clove oil as an anaesthetic for long‐

distance transport of live fish: the case of the 

Lake Victoria cichlid Haplochromis 

obliquidens, Journal of Applied Ichthyology, 

2006, 22, 510-514. [Crossref], [Google 

Scholar], [Publisher] 

[15] T.S. Harmon, Methods for reducing 

stressors and maintaining water quality 

associated with live fish transport in tanks: a 

review of the basics, Reviews in Aquaculture, 

2009, 1, 58-66. [Crossref], [Google Scholar], 

[Publisher] 

[16] R.  Relić,   Z. Marković, Farmed fish 

welfare, with insight into the situation in 

Serbia, Veterinarski glasnik, 2021, 75, 132- 

144. [Crossref], [Google Scholar], [Publisher] 

[17] D. Broom, Fish welfare and the public 

perception of farmed fish, report 

Aquavision,1998, 98, 89-91. [Google Scholar], 

[Publisher] 

[18] L.N .Simões, D.C. Lombardi, A. Gomide, 

and L.C. Gomes, Efficacy of clove oil as 

anesthetic in handling and transportation of 

Nile tilapia, Oreochromis niloticus 

https://scholar.google.com/scholar?q=+Berka+R,+(1986),+The+transport+of+Live+Fish.+A+Review,+EIFAC+Technical+Paper+&hl=en&as_sdt=0
https://www.fao.org/3/af000e/af000e.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gopalakrishnan%2C+A.%2C+Sobhana%2C+K.S.%2C+Nair%2C+R.J.%2C+Kathirvelpandian%2C+A.%2C+Raja+Swaminathan%2C+T.%2C+Palaniswami%2C+R.%2C+Najmudeen%2C+T.M.%2C+Kuriakose%2C+S.%2C+Mini%2C+K.G.+and+Chakraborty%2C+R.D.%2C+2011.+Renaissance+in+Fisheries%3A+Outlook+and+Strategies-Book+of+Abstracts+9th+Indian+Fisheries+Forum%2C+December+19-23%2C+2011%2C+Chennai%2C+India.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gopalakrishnan%2C+A.%2C+Sobhana%2C+K.S.%2C+Nair%2C+R.J.%2C+Kathirvelpandian%2C+A.%2C+Raja+Swaminathan%2C+T.%2C+Palaniswami%2C+R.%2C+Najmudeen%2C+T.M.%2C+Kuriakose%2C+S.%2C+Mini%2C+K.G.+and+Chakraborty%2C+R.D.%2C+2011.+Renaissance+in+Fisheries%3A+Outlook+and+Strategies-Book+of+Abstracts+9th+Indian+Fisheries+Forum%2C+December+19-23%2C+2011%2C+Chennai%2C+India.&btnG=
http://eprints.cmfri.org.in/13415/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Odd-Ivar+Lekang%2C+Aquaculture+Engineering%2C+Wiley+Online+Books%2C+&btnG=
https://books.google.de/books?hl=en&lr=&id=UN-2DwAAQBAJ&oi=fnd&pg=PP17&dq=Odd-Ivar+Lekang,+Aquaculture+Engineering,+Wiley+Online+Books,+&ots=gROgTzoJd4&sig=KfzWjlBt1Hr7aQrHBdJ8qPwdL6k&redir_esc=y#v=onepage&q&f=false
https://doi.org/10.1016/j.aaf.2019.03.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Ninik+Purbosari%2C+Endang+Warsiki%2C+KhaswarSyamsu%2C+Joko+Santosho%2C+Natural+versus+Synthetic+Anesthetic+for+transport+of+Live+Fish%2C+Aquaculture+and+Fisheries%2C+%282019%29+pp129-133.+&btnG=
https://www.sciencedirect.com/science/article/pii/S2468550X18301059
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.A.+Rimmer+and+B+Franklin%2C+Development+of+Live+Fish+Transport+Techniques%2C+FRDC+Projects+93%2F184+%2693%2F185%2C+Final+Report%2C+Fisheries+Research+%26+Development+Corporation%28FRDC%29%2C+Queensland%2C+Australia%2C+&btnG=
https://www.frdc.com.au/sites/default/files/products/1993-185-DLD.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=S.Omeji%2CJ.O.Apochi%2CK.A.Egwumah%2CStress+concept+in+transportation+of+live+fishes-a+review%2CJournal+of+Research+in+Forestry%2CWildlife+and+Environment%2C%282017%29.+&btnG=
https://www.ajol.info/index.php/jrfwe/article/view/158951
https://doi.org/10.3390/ani11092678
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yang%2C+Y.%2C+Wang%2C+T.%2C+Phillips%2C+C.J.%2C+Shao%2C+Q.%2C+Narayan%2C+E.+and+Descovich%2C+K.%2C+2021.+Knowledge+of%2C+and+attitudes+towards%2C+live+fish+transport+among+aquaculture+industry+stakeholders+in+China%3A+a+qualitative+study.+Animals%2C+11%289%29%2C+p.2678.&btnG=
https://www.mdpi.com/2076-2615/11/9/2678
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rajts%2C+F.+and+Shelley%2C+C.C.%2C+2020.+Guide+to+improving+live+fish+transportation+with+special+attention+to+the+COVID-19+pandemic+in+Bangladesh+and+other+tropical+developing+countries.&btnG=
https://digitalarchive.worldfishcenter.org/handle/20.500.12348/4392
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vikas+P.A.+%26+Shinoj+Subramanian%2CAn+Innovative+Approach+to+Market+Live+Fish+at+premium+price-Diversification+initiative%2C+ICAR-Krishi+Vigyan+Kendra%28Ernakulum%29+of+ICAR%2CCentral+Marine+Fisheries+Research+Institute%2CNarakkal%2CKochi%2CKerala-682505&btnG=
http://eprints.cmfri.org.in/15822/
https://doi.org/10.5455/javar.2022.i574
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hasan%2C+M.M.%2C+Rafiq%2C+K.%2C+Ferdous%2C+M.R.A.%2C+Hossain%2C+M.T.%2C+Ripa%2C+A.P.+and+Haque%2C+S.M.%2C+2022.+Screening+of+antibiotic+residue+in+transported+live+fish+and+water+collected+from+different+fish+markets+in+Mymensingh+district+of+Bangladesh.+Journal+of+Advanced+Veterinary+and+Animal+Research%2C+9%281%29%2C+p.104.&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8985895/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rosten%2C+T.+W.%2C+and+T.+Kristensen.+%22Best+practice+in+live+fish+transport.%22+%282010%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rosten%2C+T.+W.%2C+and+T.+Kristensen.+%22Best+practice+in+live+fish+transport.%22+%282010%29.&btnG=
https://niva.brage.unit.no/niva-xmlui/handle/11250/215279
https://doi.org/10.1111/j.1365-2109.1979.tb00271.x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Taylor%2C+A.L.+and+Solomonf%2C+D.J.%2C+1979.+Critical+Factors+in+the+Transport+of+Live+Freshwater+Fish%3A+III+The+Use+of+Anaesthetics+as+Tranquillizers.+Aquaculture+Research%2C+10%284%29%2C+pp.153-157.&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2109.1979.tb00271.x
https://doi.org/10.1111/j.1439-0426.2006.00786.x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.Kaiser%2CG.Brill%2CJ.Cahill%2CP.Collett%2CK.Czypionka%2CA.Green%2CK.Orr%2CP.Patrick%2CR.Scheepers%2CT.Stonier%2CM.A.Whitehead+and+R.Yearsley%2CTesting+Clove+Oil+as+an+anaesthetic+for+Long++distance+transport+of+live+fish%3Athe+case+of+the+Lake+Victoria+Cichlid+Haplochromis+obliquidens%2CJ.Appl.Ichthyol.22%282006%29pp510&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.Kaiser%2CG.Brill%2CJ.Cahill%2CP.Collett%2CK.Czypionka%2CA.Green%2CK.Orr%2CP.Patrick%2CR.Scheepers%2CT.Stonier%2CM.A.Whitehead+and+R.Yearsley%2CTesting+Clove+Oil+as+an+anaesthetic+for+Long++distance+transport+of+live+fish%3Athe+case+of+the+Lake+Victoria+Cichlid+Haplochromis+obliquidens%2CJ.Appl.Ichthyol.22%282006%29pp510&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0426.2006.00786.x
https://doi.org/10.1111/j.1753-5131.2008.01003.x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Todd+S.Harmon%2CMethods+for+reducing+stressors+and+maintaining+water+quality+associated+with+live+fish+transport+in+tanks+%3Aa+review+of+the+basics.Reviews+in+Aquaculture%282009%29pp58&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1753-5131.2008.01003.x
https://doi.org/10.2298/VETGL210727011R
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Renata+Relic%2CZoran+Marcovic%2CFarmed+Fish+Welfare%2Cwith+insight+into+the+situation+in+Serbia%2CVeterinarski+Glasnik%2C%282021%29%2C75%282%29%2C132-144++UDC%3A639.3%28497.11%29&btnG=
https://doiserbia.nb.rs/Article.aspx?id=0350-24572100011R
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Broom%2CD.M.%2CFish+Welfare+and+the+public+perception+of+farmed+fish%2C+Proceedings+of+Aquavision%2C%281999%29%2C+1-6&btnG=
https://www.researchgate.net/profile/Donald-Broom/publication/299658973_Fish_welfare_and_the_public_perception_of_farmed_fish/links/5703f7aa08aef745f71489d3/Fish-welfare-and-the-public-perception-of-farmed-fish.pdf


P a g e  | 212  T.R. Das et al. 
 

 

 

(Actinopterygii: Cichlidae) juveniles, Zoologia 

(curitiba),2011, 28, 285-290. [Crossref], 

[Google Scholar], [Publisher] 

[19] N.I.  Taylor,   L.G. Ross, The use of 

hydrogen peroxide as a source of oxygen for 

the transportation of live fish, Aquaculture, 

1988, 70, 183-192. [Crossref], [Google 

Scholar], [Publisher] 

[20] P.K. Aravindakshan, S.K. Singh, B. 

Sarkar, D. Majhi, J.K. Jena, K.C. Pani, H.K.  

Muduli, S. Ayyappan, B.C. Mohapatra, N. 

Sarangi, Oxygen consumption of carps during 

live transportation, Indian J. Fish, 2011, 58, 

67-70. [Google Scholar], [Publisher] 

[21] F.D. Sampaio, C.A. Freire, An overview 

of stress physiology of fish transport: changes 

in water quality as a function of transport 

duration, Fish and Fisheries, 2016, 17, 1055-

1072 [Crossref], [Google Scholar], [Publisher] 

[22] A.H. Sherif, E.A. Eldessouki, N.M.  Sabry, 

and N.G. Ali, The protective role of iodine and 

MS-222 against stress response and bacterial 

infections during Nile tilapia (Oreochromis 

niloticus) transportation, Aquaculture 

International, 2023, 31, 401-416. [Crossref], 

[Google Scholar], [Publisher] 

[23] F. Shabani, U. Erikson, E. Beli, A. 

Rexhepi, Live transport of rainbow trout 

(Onchorhynchus mykiss) and subsequent live 

storage in market: Water quality, stress and 

welfare considerations, Aquaculture, 2016, 

453, 110-115. [Crossref], [Google Scholar], 

[Publisher] 

[24] U. Erikson, T. Sigholt, A. Seland, 

Handling stress and water quality during live 

transportation and slaughter of Atlantic 

salmon (Salmo salar). Aquaculture, 1997, 149, 

243-252. [Crossref], [Google Scholar], 

[Publisher] 

[25] Robert M.Durborow, David M. Crosby 

and Martin W.Brunson, Ammonia in Fish 

Ponds,Southern Regional Aquaculture 

Centre(SRAC), publication no.463, 1997.  

[26] C.E.  Bower, D.T. Turner, Ammonia 

removal by clinoptilolite in the transport of 

ornamental freshwater fishes, The Progressive 

Fish-Culturist, 1982, 44, 19-23. [Crossref], 

[Google Scholar], [Publisher] 

[27] M. Tavares‐Dias,   Toxicity, physiological, 

histopathological, handling, growth and 

antiparasitic effects of the sodium chloride 

(salt) in the freshwater fish 

aquaculture, Aquaculture Research, 2022, 53, 

715-734. [Crossref], [Google Scholar], 

[Publisher] 

[28] S. Sekkin,   C. Kum, Antibacterial drugs in 

fish farms: application and its effects, Recent 

advances in fish farms, 2011, 217-250.  

[Google Scholar], [Publisher] 

[29] J. Priborsky,   J. Velisek, A review of three 

commonly used fish anesthetics, Reviews in 

fisheries science & aquaculture, 2018, 26, 417-

442. [Crossref], [Google Scholar], [Publisher] 

[30] C. Lee,   Y. Sadovy, A taste for live fish: 

Hong Kong's live reef fish market, 1998. 

[Google Scholar], [Publisher] 

 

 

How to cite this article: Tapas Ranjan Das, 

Abhishek Kumar*, Ipseeta Satpathy, Arvind 

Tripathy, Maximizing profitability and 

freshness: Chemical treatment techniques for 

live fish transportation in Odisha. Eurasian 

Chemical Communications, 2024, 6(2), 195-

212. Link: 

https://www.echemcom.com/article_182762

.html 

 

 

 

 

 

 

 

 

 

Copyright © 2024 by SPC (Sami Publishing Company) + is an open access article distributed 

under the Creative Commons Attribution License(CC BY)  license  

(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited. 

https://doi.org/10.1590/S1984-46702011000300001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Larissa+N+Simoes%2CDanielle+C+Lombardi%2CAndrea+TM+Gomide%2CLevy+C.Gomes%2CEfficacy+of+Clove+oil+as+an+anaesthetic+in+handling+and+transportation+of+Nile+Tilapia+Oreochromis+niloticus+%28Actinopterygii%3ACichlidae%29+juveniles%2CZoologia+28%283%29pp285-290%2C+&btnG=
https://www.scielo.br/j/zool/a/6DXWyf4KcChVg4myVYdqdzp/?lang=en
https://doi.org/10.1016/0044-8486(88)90016-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=N.Innes+Taylor+and+LG+Ross%2CThe+Use+of+Hydrogen+Peroxide+as+a+source+of+oxygen+for+the+transportation+of+Live+Fish%2CAquaculture%2C70%281988%29pp183-192%2CElsevier+Science+Publishers%2CBV+Amsterdam.DOI%3A10.1016%2F0044-8486%2888%2990016-6&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=N.Innes+Taylor+and+LG+Ross%2CThe+Use+of+Hydrogen+Peroxide+as+a+source+of+oxygen+for+the+transportation+of+Live+Fish%2CAquaculture%2C70%281988%29pp183-192%2CElsevier+Science+Publishers%2CBV+Amsterdam.DOI%3A10.1016%2F0044-8486%2888%2990016-6&btnG=
https://www.sciencedirect.com/science/article/abs/pii/0044848688900166
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bikash+Sarkar%2C+J.K.+Jena%2C+Silambarasan+Ayyapan%2C+Bikash+Chandra+Mohapatra%2CP.K.Aravindakshan%2CD.Majhi%2CK.C.+Pani%2CH.K.Muduli%2CS.K.Singh+and+N+Sarangi%2COxygen+Consumption+of+Carps+during+Live+transportation%2CIndian+Journal+of+Fisheries%2C+%282011%29+&btnG=
https://www.researchgate.net/profile/Bikash-Sarkar/publication/267559592_Oxygen_consumption_of_carps_during_live_transportation/links/55b886aa08aed621de05d8e5/Oxygen-consumption-of-carps-during-live-transportation.pdf
https://doi.org/10.1111/faf.12158
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Flavia+D.F.+Sampaio+and+Carolina+A+Freire%2CAn+overview+of+stress+physiology+of+fish+transport%3A+changes+in+water+quality+as+a+function+of+transport+duration%2CFish+and+Fisheries%2C%282016%29%2C17%2C1055-1072.&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1111/faf.12158
https://doi.org/10.1007/s10499-022-00984-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ahmed+H.Sherif%2CEl+Sayed+A.+Eldessouki%2CNader+M+Sabry%2CNadia+G+Ali%2CThe+protective+role+of+iodine+and+MS-222+against+stress+response+and+bacterial+infections+during+Nile+Tilapia%28Oreochromis+niloticus%29+transportation%2C+Aquaculture+International%282023%2931%3A401&btnG=
https://link.springer.com/article/10.1007/s10499-022-00984-7
https://doi.org/10.1016/j.aquaculture.2015.11.040
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fazli+Shabani%2C+Ulf+Erikson%2C+Elvira+Beli%2C+Agim+Rexhepi%2CLive+Transport+of+rainbow+trout%28Onchorhynchus+mykiss%29+and+subsequent+live+storage+in+market%3A+water+quality%2C+stress+and+welfare+considerations%2C+Aquaculture+453%282016%29pp110-115%2Cwww.elsevier.com&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0044848615302684
https://doi.org/10.1016/S0044-8486(96)01453-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Ulf+Erikson%2C+Trygve+Sigholt%2C+Aina+Seland%2CHandling+stress+and+water+quality+during+live+transportation+and+slaughter+of+Atlantic+salmon%28salmo+salar%29%2CAquaculture+149%281997%29pp243-252.DOI%3A10.1016%2FS0044-8486%2896%2901453-6&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0044848696014536
https://doi.org/10.1577/1548-8659(1982)44%5b19:ARBCIT%5d2.0.CO;2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Carol+E.+Bower+and+David+T+Turner%2C+Ammonia+Removal+by+Clinoptilolite+in+the+transport+of+ornamental+Freshwater+fishes%2C+The+progressive+Fish-Culturist+44%281%29+19-23+%281982%29.+DOI%3A10.1577%2F1548-8659%281982%2944%5B19%3A+ARBCIT%5D2.0.CO%3B2&btnG=
https://www.tandfonline.com/doi/abs/10.1577/1548-8659(1982)44%5B19%3AARBCIT%5D2.0.CO%3B2
https://doi.org/10.1111/are.15616
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Marcos+Tavares-Dias%2CToxicity%2Cphysiological%2Chistopathological%2Chandling%2C+growth+and+antiparasitic+effects+of+sodium+chloride+%28salt%29+in+the+freshwater+fish+aquaculture%2C+Aquaculture+Research%2CWiley+%282021%29%2CDOI%3A10.1111%2Fare.15616&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1111/are.15616
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Selim+Sekkin+and+Cavit+Kum%2C+Antibacterial+Drugs+in+Fish+Farms%3A+Application+and+its+Effects%2Cwww.Researchgate.net%2Fpublication%2F221920152%2C+Year+of+publication%3A2011%2C+Chapter%3A12%2C+&btnG=
https://books.google.com/books?hl=en&lr=&id=H-WRDwAAQBAJ&oi=fnd&pg=PA217&dq=Selim+Sekkin+and+Cavit+Kum,+Antibacterial+Drugs+in+Fish+Farms:+Application+and+its+Effects,www.Researchgate.net/publication/221920152,+Year+of+publication:2011,+Chapter:12,+&ots=0_WeNPJeH9&sig=BfngZarRsD1V939y7L0gnkiiGQo#v=onepage&q&f=false
https://doi.org/10.1080/23308249.2018.1442812
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Josef+Priborsky+and+Josef+Velisek%3A+A+Review+of+Three+commonly+used+Fish+Anaesthetics%2CReviews+in+Fisheries+Science+%26+Aquaculture%282018%29%2CDOI%3A10.1080%2F23308249.2018.1442812&btnG=
https://www.tandfonline.com/doi/abs/10.1080/23308249.2018.1442812
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Christine+Lee+and+Yvonne+Sadovy%2C+A+Taste+for+Live+Fish%3A+Hong+Kong%E2%80%99s+Live+Reef+Fish+Market%2C+Naga+The+ICLARM+Quarterly%2C+April-June+1998.+&btnG=
https://aquadocs.org/handle/1834/25916
https://www.echemcom.com/article_182762.html
https://www.echemcom.com/article_182762.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

