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1.0 INTRODUCTION

The shrimp fishery is a major global industry with more than 3.4

million tons caught per year, chiefly in Asia. Srasdhle locafisheries

for (shrimp) prawns have existed for centuries, and continue to form a
large proportion of the world's shrimp fisheries. Fewer than 300

species oshrimps andprawnsare of commercial importance, in which

20 of these species are commercially significant out of a total of 3000
species. Shrimps are an important typsedfoodwhich areconsumed

worldwide.

The worl dés production of shri mp

approximately 3.4 million tonnes are contributed by capture fisheries

and 2.4 tonnes by aquaculture. By economic value, shrimp is curtbatiyost important

seafoodcommodity worldwide, and these are often the subject of scientific research in

shrimp farming countries (Leet al, 2011).

1.1.Shrimp Nutrition Facts

T Glycemic Index (Gl) Rating / Glycemic Load: As shrimp contain no carbohydrates, their

Glycemic Index ratings O.

T Calories: Shrimp are relatively low in calories, with 1 gram of shrimp containtadptie

T Macronutrients: Shrimp are made almost entirely of protein and water, but they do

contain some fat and cholestertolo.

1 Vitamins & Minerals: Shrimp are supharged with vitamin B12 and seleniurm

addition, they provide a fair amount of vitamin A, vitamin E, vitamin B6, some vitamin

C, iron, magnesium, sodium (salt), zinc and copfeww.healwithfood.org/health

benefits/eatingshrimp.php).
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1.2.Shrimp

Scientific classification
Kingdom: Animalia

Phylum: Arthropoda
Subphylum: Crustacea
Class: Malacostraca

Order: Decapoda

Sub Order: Dendrobranchiata

121. Description: Shrimp have a cylindral body that is laterallgpompressed.

They have a well developed abdomen region and slender legs. Some Shrimp have chelipeds.

Shrimp have a thin, flexible exoskeleton. They posses stalked eyes on their head that are

sometimes covered by a head shield.

122. Size:To 23 cm (9.1n.).

1.2.3. Locomotion: Shrimp use their appendages for walking or burrowing. The well
developed abdomen region of shrimp allows them to use a form of temporary burst
swimming as an escape reaction. By rapidly contracting the lower abdomisalesu
the shrimp quickly shoots backwards, using the tail fapropulsion.

1.24. Diet: Plankton andletritus

1.25. Feeding: Scavengers andketritivores

1.2.6. Reproduction: Shrimps are either male or female. Female shrimps can only be
fertilized when they are newly ntedd. Some shrimp deposit their eggs in the water;
others brood the eggs in a pouch protected by pihedpods.

1.2.7. Respiration: Gills are feathery expansions of the body wall and are located on the side
of thoracic segments. The number of gills varies betwpenies.

1.2.8. Life Span: 1 to 5Syears.

1.2.9. Range: Temperate and tropical seas worldwide; from the intertidal zone to theeaep

1.2.10Habitat: Benthic among algae, sea grasses, stones, and shells, also within the crevices
of coral or rock. Some burrow in sand or médfew species arpelagic to depths of
1000 m (3280 ft.). Freshwater species occur in estuaries, rivers, and lakes (Ruppert
al., 1994).

1.3 Phylum: Arthropoda

An arthropod is aninvertebrate animal having an exoskeleton(external skeletor), a

segmented body, and jointeppendagesArthropods include thensects,arachnids,and
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crustaceansArthropods are characterized by their jointed limbs and cuticles. The rigid
cuticle inhibits growth, so arthropods replace it periodicallyrtojting. Their versélity has
enabled them to become the most specas members of alkecological guildsin most
environments. They have over a million described species, making up more than 80% of all

described living animal species (Hegeial, 2013).

1.4 Subphylum: Crustacea

Crustaceans (Crustacea) form a very large groupartiropods usually treated as a
subphylum which includes animals such asabs, lobsters crayfish, shrimp krill and
barnaclesThe 67,000 described species range in size frorm®rl(0.004 m), to 3.8 m (12.5

ft) and a mass of 20 kg (44 Ib). Crustaceans are distinguished from other groups of
arthropods, such assects myriapodsand cheliceratesby the possession diramous(two-

parted) limbs, and by theaupliusform of the larvae. Most crustaceans are-fréeg aquatic
animals.More than 10 million tons of crustaceans are produced by fishery or farming for
human consumption, the noagity of it beingshrimp and prawngrustacean glossary, 2010).

1.5. Class:Malacostraca

Malacostraca is the largest of the siassesf crustaceanscontaining over 25,000 extant
speciesdivided among l@rders.They are abundant in all marine environments and have

also colonized freshwater and terrestrial habitats. They are united by a cdBauplan
comprising 20 body segments (rarely Aiyjided into a head, thorax and abdomen. They are
abundant in all marine ecosystems, and most species are scavengers. The Class Malacostraca
includes over 25,000 species, are characterized by the presence dhgimed¢al a five-
segmented head, an eiglggmentedhoraxand an abdomen with six segments. (Ligteal.,

1983).

1.6. Order: Decapoda

The decapods or Decapodierally "tenfooted" are an order afrustaceanwithin the class
Malacostracaincluding many familiar groups, such esayfish crabs,lobsters,prawnsand

shrimp Most decapods arscavengersThe order is estimated to contain nearly 15,000
species in around 2,700 genera, with approximately 3,300 fpsssies. All decapods have

ten legs in the form of five pairs of thoracic appendages on the last five thoracic segments.
The front threepairsfunction as mouthparts and are generally referred toaegllipeds the
remainders ar@ereiopodsln many decapods, one pair of legs has enlarged pincers called

chelipeds. Further appendages are found on the abdomen, with each segment capable of
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carying a pair of biramoupleopodsthe last of which form part of the tail fan together with

thetelsoncalleduropods(Graveet al, 2009).

1.7. Sub Order: Dendrobranchiata

Dendrobranchiata is a suborderd&capodcrustaceansvariously calledshrimp or prawns

There are 540 extant species in seven families. They have branching forngitistard by

the fact that they do not brood their eggs, but release them directly into the water. They may
reach a length of over 330 millimeters (13 in) and a mass of 450 grams (1.0 Ib), and are
widely fished and farmedfor human consumption. The body is typically robust, and can be
divided into acephalothcax (head and thorax fused together) anpleon (abdomen). The

body is generally slightly flattened sitie-side (Martinet al, 2001).

The body of the prawns/shrimps is almost laterally compresghadavioothed rostrum and a

longer abdomen than the cephalothorax or head. Antennules in most of the species bear small
scales or spines, while the antennae have large plate like scales. The pereopods are usually
slender sometimes large and chelated. Teepgods or the swimming legs are well developed

and present on all the abdominal segments (Kannupnrali,) Based on the place where

they are grown and harvested, shrimps are classified into the follbypes

Cold water shrimps are the smaller vaeg harvested in ocean waters in the northwest and
northeast regions of the United States and Canada. They are known as Pandalid shrimp.

Warm water shrimps are harvested and farmed in tropical artlapibal regions around the
world. They includePenaeis and Litopenaneusspecies that are more commonly sold by

reference to basic shell colors (white, brown and pink shrimps).

Wild shrimp refers to either cold water or warm water varieties that are harvested from
coastal ocean waters with traditional véss&he harvesting of wild shrimp is regulated by

management programs that set annual production limits.

Farmed shrimp refers to warm water varieties that are grown in open and closed pond
systems supplemented with formulated feeds. Shrimp diets andyad@id can be controlled

to influence production rates and sensory attributes of the shrimp. Over 90 percent of the
shrimp eaten in the United States come from farmed sources grown in other countries around

the world (seafoodhealthfacts.org).

WWW.wjpr.net Vol 8, Issue 1, 2019. 1548



http://en.wikipedia.org/wiki/Pleopod
http://en.wikipedia.org/wiki/Telson
http://en.wikipedia.org/wiki/Uropod
http://en.wikipedia.org/wiki/Decapoda
http://en.wikipedia.org/wiki/Crustacean
http://en.wikipedia.org/wiki/Shrimp
http://en.wikipedia.org/wiki/Prawn
http://en.wikipedia.org/wiki/Gill
http://en.wikipedia.org/wiki/Shrimp_fishery
http://en.wikipedia.org/wiki/Shrimp_farm
http://en.wikipedia.org/wiki/Cephalothorax
http://en.wikipedia.org/wiki/Pleon

Bagyalakshmiet al World Journal of Pharmaceutical Research

The shrimp pecies cultured in Asian countries belong to the family Penaeidae; genera
Penaeus and Metapenaeus (Kungvankij, 1984). Penaeid shrimps are usually marine and
coastal crustaceans. This family includes the most valuable marine commercial species of

shrimps ad accounts for at least 95% of the total shrimp production.

Among the decapods crustaceans, Penaeids constitute a distinct group of commercially
important species. Due to their nutritional value, they support a valuable, trade export market.
The genugZPenaeus spawns offshore at depth of abodrd and the eggs that hatch within

a few hours, release very small larvae, then nauplii. Usually there are 11 larval stages, which
include 5nauplii, 3protozoa and 3 mysis. The larvae are planktonic and ard bgrderrent
towards shorewhere they arrive as p&grvae. This occurs about 3 weeks after hatching
when the shrimps are about 6 to 14 mm long. Then th&gmste invade in shore water like
mangroves and brackish water, and they grow in these nugseunds, develop into
juveniles and return to near shore areas, more gradually back towards as they become
subadults. Soon these shrimps migrate offshore, continue growing, and finally as adults
reach the spawning grounds, and the cycle is repeatednémaiethe Penaeid shrimps and
nonfenaeid shrimps can be identified by using their morphologhzahcter.

In Penaeid, the pleurae are arranged regularly, the third pereopods are chelated. Abdominal
segment does not have a sharp bend in the Penaeidsn&eid, the distinguished identical
characters are the rostral structure, rostral teeth, antenna coloration and body color with
strips. In majority of the Penaeid shrimps, rostral teeth are important characters to distinguish
the different species andsal within the groups. For e.g., in Penaeus species the rostral teeth
are present both in the upper and lower portions of the rostrum, but in the case of
Metapenaeus species the rostral teeth are present only in the dorsal side of the rostrum, but

not in the ventralside.

In the no@Penaeid shrimps the pleura of the second abdominal segment are seen overlapping
those of the first and third segments, the third pereopods are not chelated. Abdominal

segment has a sharp bend in theARenaeid prawns (Kannuparel al,).

The lifecycle of the Penaeid shrimp is divided into 4 successive stages: [@stharval,
juvenile and adult during which, morphological,behavioral,feeding, and habitat changes
occur. It starts in the open sea, where the male and feshataps mate. Spawning takes

place at night, the female releases the eggs and at the same time the spermatozoa are within
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spermatophores. The process of fertilization is completed in the sea. Depending on the size of
the femaleand species, one spawn giletween 1,00,000 and 10,00,000 eggs. The averages
diameter of egg ranges 2500 0 ¢ m. the weggs hatch bet weert
fertilization, in Nauplii larvae. At this stage the larvae are vitellotrophs: they feed on their
own Yyolk (vitellus). Naupliilook more like tiny aquatic spiders than shrimps. Then they
metamorphose into Zoeae larvae, which have feat hairy appendages and elongated bodies.
The zoeae shape is still far away from the adult shrimp. It lasts six days, feeds ealgaero

and then m&morphoses into mysis larvae. Mysis have many of the characteristics of an
adult shrimp, segmented body, stalked eyes, and shikmptails. They feed on
phytoplanktons and zooplanktons. This stage lasts another three days, and then the mysis
metamorphaoss into postarvae. Postarvae look like juveniles and adults. After
metamorphosing into potrvae, the shrimp migrates from the open sea, where they led a
planktonic life, to bay or inland sea of lower salinity, by means of oceanic and tidal currents.
Then, posiarvae settle down on the sbad and begin their benthic life. During this stage,
shrimps feed on small benthos, detritus, and algae. Then shrimps gradually migrate back from
the shallow sea to the open sea where they will be mature enooigietb(Chinetal.,).

1.8. Penaeidae

Penaeidae is a family of mariseustacearn the subordedendrobranchiatavhich are often
refered to as Penaeid shrimp or Penaeid prawn. It contains many species of economic
importance, such as the tiger pravikefaeus monoddnwhite leg shrimp,Atlantic white
shrimpandIndian prawn Many prawns are the subject of commerégtery, andfarming,

both in marine settings, andfieshwater farmg¢Dentonetal., 1985).

A number of the prominent tropical shrimp species that are farmed commercially have been
placed on the seafood red list, including tit@te legshrimp Indian prawnand giant tiger
shrimp(TNAU, 2008).

1.9. White leg shrimp
Kingdom: Animalia
Phylum: Arthropoda
Subphylum: Crustacea
Class: Malacostraca
Order: Decapodia

Sub Order: Dendrobranchiata Family: Penaidae
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GenusLlitopenaeus

Speciesvannamei

White leg shrimp Kitopenaeus vannameformerly Penaeus vannameialso known as
Pacific white shirnp, native to the EastefPacific Oceanfrom theMexicanstate ofSonora

as far soth as NortherrPeru It is restricted to areas where the water temperature remains
above 20°C (68°F) throughout the year.

Litopenaeus vannamerows to a maximumength of 230 millimeters (9.1 in), with a
carapacdength of 90 mm (3.5 in). Adults live in thecean at depths ofup to 72 meters
(236 ft), while juveniles live in estuaries Production of vannameiis limited due to its
susceptibility to various diseases, includimiite spot syndrometaura syndromenfectious
hypodermal and hematopoietic necrpdimaculoviral midgut gland necrosiand vibrio
infections. By 2004, global production &f vannameiapproached 1,116,000 tonnes, and

exceeded that d?enaeusnonodon(Species Fact Shee)11)

1.10.Indian prawn

Kingdom: Animalia Phylum: Arthropoda
Subphylum: Crustacea

Class: Malacostraca

Order: Decapodia

Sub Order: Dendrobranchiata Family: Penaidae
GenusFenneropenaeus

Speces:indicus

The Indian prawnFenneropenaeus indicyfrmerly Penaeus indicysis one of the major
commerciaprawnspecies of the world. It is found in the IndbestPacificfrom eastern and
southeasterrAfrica, throughindia, Malaysiaand Indonesiato southernChinaand northern
Australia F. indicusis known by manycommon namesaround the world, including Indian
white prawn, Tugela prawn, White prawn, Banana prawn, Indian banana prawn and Red leg

banana prawn.

F. indicusis a marinedecapodvith estuaringuveniles.It prefers mud or sandy mud at depths
of 2V 90 meters (7295 ft). It grows to 228 millimeters (9 in) amdsa life span of about18
months.Among shrimps,the contributionof F. indicusto global fisheries was around 2.4%,
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and to global farmed shrimp production was 1.2% in 2005. In IRdiandicus farming
declined from 5200 tonnes in 2000 to 1100 tonnes in 2005 duefeergmce. monodorby
farmers (Edwards, 1837).

1.11.Giant Tiger Prawn

Kingdom: Animalia

Phylum: Arthropoda

Subphylum: Crustacea

Class: Malacostraca

Order: Decapodia

Sub Order: Dendrobranchiata Family: Penaidae

Genus:Penaeus

Speciesmonodon Penaeusonodonis a marine crustacearthat is widely rearedfor food.
Its natural distribution is thindo-WestPacific,ranging from the eastern coadtAfrica, the Arabian

Peninsulaasfar asSoutheasfsia, the Seaof Japamandnorthern Australia. It is an invasive species
in the northern waters of the Gulf of Mexiddd]thuis, 1949).

Females caneach approximately 33 centimeters (13 in) in length, but are typicdlB02&m
(2Gi 12 in) in length and weigh 20820 grams (711 oz); males are slightly smaller ati 26
cm (8 10 in) length and weigh 10270 g (3.56.0 0z).

Penaeus monodois the most udely cultured prawn species in the world, although it is
gradually losing ground to th&hite leg shrimpLitopenaeus vannam@viPEDA 2005).

In recent years, the global capture of wild shrilmas been overtaken by the harvest from
farmed shrimp. A shrimp farm is asquaculturebusiness for the cultivation of marine
shrimps or prawns for human consumption. The total global producfiéarmed shrimp
reached more than 1.6 millidonnesin 2003 and about 75% of farmed shrimp are produced
in Asia. By 2010, the aquaculture harvest was 3.9 million tonnes, compared to 3.1 million
tonnesfor the capture of wild shrimp (Gille008).

1.12. Shrimp farming
The life cycle of shrimps are controlled for size, survival, and to speed up the harvest cycle.

A good farm location can be described as one with quality brackish water with soil and high
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clay content with no bedrock or hard layers within 3 feet of the surface. There are three

different stages in shrimp farmindpatcheries, nurseries, and grow outs.

1.12.1.Hatcheries
Hatcheries are the first stage in shrimp farming and dependant on mated fernnabs $b
provide larvae. In a few weeks, shrimps are relocated to nurseries for their development and

growth.

1.12.2.Nurseries
The transition from shrimp larvae to adults occur in nurseries. After 21 to 25 days in the
hatcheries, they are transferred to the enies in which they are fed on a high protein diet. In

4 to 6 weeks, they are transferred to the grow out systems.

1.12.3.Grow-outs

The last stage in shrimp farming is growts, where shrimps are grown to maturity and
transferred into ponds. Depending on thérsh species, it takes between 3 to 6 months of
growing until they reach market size after which they are harvested for sale, thus ending the
shrimpdés | ife cycle (Achuthankutty, 1998).

Shrimp culture systems are classified into three, namely, extensine, istensive, and
intensive. The classification is based mainly on pond facilities, stocking density, food supply,
water management, and yield, technical knowteowd skill and other major inputs. While
semtintensive and intensive farming have gained soprogress in recent years, the
extensive system still remains the major practice possibly because of the relatively large
landholdings(568B00 ha) per farmer. In order to shift to the sémnsive or intensive
system, large areas will require greater amaf inputs, risk, highevel technical knowhow,

and supervision. On the other hand, increasing acquisition and development costs per unit
area has led farmers with small landholdings to go into intensive operation. Intensified
farming virtually increase the yield per hectare thereby absorbing the relatiedier
capital investment and risk. Further progress and development of any farming operation will
largely depend on the supply and cost of fry, technical knowhow, quality and cost of feed and
econonic viability of the operation. For purposes of this paper, discussion is confined to
extensive and sermtensive farming operations (Apud, 1985).

1.13.Extensive shrimp farmsusing traditional lowdensity methods are invariably located
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on a coast and often mangroveareas. The ponds range from just a few to more than 100
hectaresshrimp are stocked at low densitie$ 32animals per square meter, 256,000/ha).

The tides provide for some water exchange, and the shrimp feed on naturally occurring
organisms. Prevalent in poorer or less developed countries where land prices are low,

extensive farms produce annual yields from 50 to 500 kg/ha of shn@agdn weight).

1.14.Semtintensive farms do not rely ontides for water exchange, but use pumps and a
planned pond layout. They can therefore be built above the high tide line. Pond sizes range
from 2 to ® ha; the stocking densities range from 10 to 30/square meter (100,000
300,000/ha). At such densities, artificial feeding using industrially prepared shrimp feeds and
fertilizing the pond to stimulate the growth of naturally occurring organisms become a
necessity.Annualyields rangefrom 500to 5,000 kg/ha, with densities above 15 animals per
square meteraerationis often required to prevent oxygen depletion. Productivity varies
depending upon watdemperature, thus it is common to have larger sized shrimp in some

seasons than in others.

1.15.Intensive farms use even smaller ponds (0115 hectares or 0.28.7 acres) and even
higher stocking densities. The ponds are actively managed: they are abexieds a high

water exchange to remove waste products and manvegerquality, and the shrimp are fed on
specially designed diets, typically in the form of formulated pellets. Such farms produceyaeiaigal
betweens,000and20,000 kg/ha; a few supétensive farms can produce as much as 100,000 kg/ha.
They require an advanced technical infrastructure and highly trained professionals for constant

monitoring of water quality and other pond conditions (Ta2602).

2.0 REVIEW OF LITERATURE

Shrimps & the major commodity in Indian seafood exports since long. The export potential
of cultured shrimp was recognized as early as 1979. Till 1988, contribution of shrimp to total
export was mainly from marine capture fisheries. With the advent of scieatiic
commercial farming of shrimp, production increased gradually contributing over 32% in
volume and 49% in value during 198B989, year from which data on cultured shrimps to
exports are available. The export contribution of cultured shrimp was high#39495 but
declined during 1996 to 1998 due to drop in production resulting in lower contribution by
volume and value terms. The progress made in export front from 1998 onwards was highly
promising with a significant rise in volume (49% to 60%) and edlt5% to 86%). The
cultured shrimp during 2001 02 contributed 59% in volume and 85.80% in value. The
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contribution of cultured shrimp to total shrimp exports increased in a decade time (1990 to
2000) registering a growth of over 3 folds in volume andro%é folds in value
(Vasudevappa and Seenapp@)?2).

2.1. Penaeidshrimps

In 1934, Dr. Fujinaga, the world's acknowledged father of shrimp culture, successfully
spawned and partially reared larvaeR#naeus japonicus Japan. The success in larval
rearing ad subsequently in the gresut of shrimp had brought the art to the point that mass
culture was possible. In 1963, Mr. Harry Cook of the Galveston Laboratory in Texas, USA,
in collaboration with Fujinaga, successfully spawned and reared the larvae Ahteracan
speciesP. setiferusandP. aztecusThe technique was later adopted in Taiwan, Philippines,
Thailand and Malaysia fdocal species such & monodon, P. merguiensis, P. indiarsl

P. orientalis(Kungvankij, 1984).

The genus - Penaeus spawns offshoreat depths of about 10280m and the eggghathatch
within afew hours,releasevery smalllarvae,the nauplii. Usually thereare 11 larval
stageswhichinclude5 nauplii, 3 protozoeaand3 mysis.The larvaeareplanktonicand
arecarriedby curren towardsshore wheretheyarriveaspost=arvae This occurs about 3
weeks after hatching when the animals are about 6to 14 mm long. Then the pod Farvae
invade inshorewater like mangroves and brackish water, and they grow in these nursery
grounds, deslop into juveniles and retuio nea shae areas, more gradwally back towards
as they become sub=adults. Soon these shrimps migrate offshore, continue growing, and

finally as adults reach the spawning grounds, and the cycle is repeated (Kanetabndi

The dietary protein requirement of Penaeid shrimps is an important nutritional consideration
because it is a major limiting nutrient for growth. Four 28 day feeding trials were conducted
to determine the maintenance requirement for protein (protguireel to maintain body
functions with all other nutrients provided in adequate amounts) by juvenile aratiglib
shrimp. Shrimps were offered practical diets containing 16 or 32% crude protein. Juvenile
shrimps were found to have maintenance proteiniregents in the range of 1388 g
dietary protein/kg body weight/day (g DP/ (kg BW * d)), and-adhlt shrimp were found to

have maintenance protein requirements in the range €1.1.§ DP/ (kg BW * d). Protein
requirement for maximum growth of juveaishrimps were found to be 46.4 g DP/ (kg BW *

d) when fed a 32% protein diet and 43.4 g DP/ (kg BW * d) when #&¥%aprotein diet. Sub
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adult shrimp exhibited a maximum protein requiremer236 g DP/ (kg BW * d) when fed

a 32% protein diet and 20.50p/ (kg BW * d) when fed a 48% protein diet. FE was found to
increase with the protein content of the diet and decreased with increasing feeding rates.
Weight gain corresponded to daily protein intake. Based on these results a wide range of
dietary proteinlevels could be used to produce maximum weight gain. However, due to
restriction on feed intake and consequently protein intake, low protein diets may not support

maximum growth (Kureshy and DaviZ)00).

Recent brood stock nutrition studies have coatel further to a better knowledge of the
requirements of lipids, vitamins and carotenoids for the maturation process in Penaeid
shrimp. Biochemical studies have detected high levels of TAG, phospholipids and cholesterol
in the ovaries of mature shrimp,gsgand nauplii. Furthermorey3 HUFA were shown to be

the predominant fatty acids in the tissues of shrimp broodstock and its offspring, and their
importance was confirmed through diet studies. Biochemical and experimental work
provided increasing evidea®f the important role of natural atxidants for optimal shrimp
maturation, reproduction and larval quality, namely carotenoids and vitamiasdEC
(Wouterset al.,2001).

The Indian white prawrPenaeus indicysa highly desirable species for cultutgas been
domesticated at the Marine Prawn Hatchery Laboratory of CMFRI, at Narakkal. Following
the techniques developed at the Laboratory to induce them to breed in captivity and to rear
them through all the stages of its life history in the farm it$®# successive penetrations
were raised at the MPHIThe advantagesf this kind of domestication in larggcale over

the conventional culture of this prawn are briefly discussed in this note (Mu#iy1986).

Preliminary studies on the food and deey habits ofPenaeus monodofiom Korapuzha

estuary were undertaken. The food of the species consisted of crustaceans, fishes, molluscs,
polychaetes and vegetable matter in order of importance. Mud and sand particles were also
found among the food item$¥here was no appreciable variation in the nature of the food in

the different size groups (Thomdf96).

Observations made on lengtieight relationships, food, moults, sex ratio, breeding and
migration in the case d¢tenaeus indicuandP. monodorof the Chilka lake were based on an
eightmonth study during May to December 1963.Within the Chilka lake the males and
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females of both the species had different lervggiight relationships. Both the species were
found to feed to a large extent on detritusistacean remains, and plant matter and lamelli
branches. The probable number of moults within a particular length range was given for both
the species. By study of sex ratio the possibility of males migrating earlier to the sea than
females was indicate@3 mm and155mm weregivenasprobableengthsattainingwhich P.

indicusandP. monodormay start leavinghe lake for theseafor breeding.

Observations on the availability of mature specimen$ .ofndicusin the coastal waters

indicated the possibily of breeding in June, August and September (Prabhakararao, 1963).

2.2. Nutrients of shrimp

While shrimp may be small in size, they are rich in terms of nutritional value and the health
benefits they offer. Loaded with protein, vitamin D, vitamin B3, and,zahcimp are an
excellent, carbohydratieee food. Zinc increases the levels of circulating leptin, a hormone
that plays a key role in regulating the body's energy expenditure, fat storage, and appetite.
Shrimp are loaded with selenium, which is believededuce cancer risk in two ways: First,
selenium is an important constituent of glutathione peroxidase, an enzyme wibixidatit
properties which can help protect the body from damaging effects of free radicals. Second,
selenium is believed to prevemtmor growth by boosting the immune system and inhibiting
the development of blood vessels to the tumawvww.healwithfood.org/health
benefits/eatingshrimp.php).

Physicochemical, proximate compositjomicrobiological and sensory analysis of farmed
and wild harvested white shriniitopenaeus vannameiuscle were compared. The cultured
white shrimp were obtained from two farms, whereas the wild shrimp were collected off the
coasts of Sinaloa and NayarMexico. Both, the farmed and wild white shrimp muscle,
supplied a good source of protein and polyunsaturated fatty acids. The physicochemical
composition, microbiological and sensory properties could be associated to their origin and
handling. The wildshrimp tended to have a better proximate composition than the farmed
shrimp, due to the availability of a greater diet variety in their environment (Letpak,

2013).

The proximate chemical composition was determined in mid gut gland, ewarynuscle
during different stagesof ovarian developmentthat was found to be varied during

maturation among the different tissuesRa&naeus penicillatusxamined. The lipid content
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was highest in the midgut gland as compare to ovary and muscle and the quanfitiyndas

to increase throughout the ovarian development in midgut gland and ovary while fluctuating

in muscle. The increase in the protein content was not as significant in the midgut gland and
muscle as that of the ovary during different stages of sexuiratian. The carbohydrate
content did not show any significant change in any tissue though found to be highest in
midgut gland as compared to ovary and muscle. The present study suggests that there was no
mobilization of lipids from midgut gland to ovasi&luring ovarian maturation and the lipid
increase was due to the intake through diet (Kherunnisa and SQigd:0é.

Shrimps are an extremely good source of protein, yet are very low in fat and calories, making
them a very healthy choice of food. The gmet was investigated the variation between the
proximate and mineral compositions of the shell and fledPeofaeus indicusShrimps were
collected from the Vellar estuarine environment Southeast coast of India. The results of
proximate composition shovikat the percentage of protein in the flesh was higher (41.3%)
than that of shell protein (32.5%). Likewise the carbohydrate content of flesh was higher
(2.4) than the shell (1.5%). The highest amount of lipid was found in shell, the value being
9.8% whereas in the higher level of moisture content was noticed in 14.7 % in flesh. The
higher value of 26.6% of ash was noticed in the shell than that of flesh 18.5%. The results of
the present study reported tiaEnaeus indicus a good source of proteins ametabolically

energy and average mineral supply (Ravichandtaat, 2009).

Black tiger shrimp harvested under controlled conditions had a shelf life of eight days in ice
while shrimp purchased from open market broker system were unacceptable on tthe four
day of storage. No bacterial contamination was found in either shrimp sample during ice
storage. Total volatile base was found to be 20 mg/100g for open market shrimp and 25
mg/100g for controlled harvested shrimp. The pH of the shrimp increased frah3 @luring

storage. The study demonstrates the benefit of controlled harvesting procedures temperature
control during transportation to ensure optimal freshness and quality of black tiger shrimp
(Hanpongkittikuret al, 1995).

2.3. Bycatchfisheries

Bycatch and discards are common problems faced by all fisheries globally. In tropical
countries like India, bycatch issue is more complex due to the-rap#ties and mutgear
nature of the fisheries. Among the different fishing gears, trawling accounts iginex hate

of bycatch, due to comparatively low selectivity of the gear. The present study used shrimp
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trawl in the traditional trawling grounds off Cochin in the southwest coast of India to reveal
the quality, quantity and monthly variations of bycatchegated by trawlers. Mean monthly
bycatch generated by shrimp trawling off Cochin ranged from 1.14 to 38.641kgnh
different months with an overall average of 12.85+1SF, n=12) kg HL. Shrimp bycatch
ratio ranged from 1:0.6 to 1:6908, during diéfiet months. The study identified 281 species
including juveniles of commercially important fishes and shellfishes from the shrimp trawl
bycatch (Gibinkumaet al.,2012).

Shrimp species of Gizan trawl fishing area were determined by commercial Ratzbus
semisulcatusand Metapenaeus monocercae the main species in the shrimp fishery.
Analysis of length frequency data of females of these two species together with percentages
of females with developed ovaries shows that both species have a proloagethgpeason

with no trace of seasonal peaks. Remedy of fisheries problems related to overfishing is
possible, but remedy of problems related to deterioration of nursery grounds is very difficult
(Ghamrawy,1990).

The present study makes it clear thathimgg much from the shrimp trawler catches is wasted

in India and almost all the fishes, which are termed trash fish and discarded over board the
vessel in some of the developed countries, are utilized either for human consumption 12 or as
fish meal and 8h manure. However it is to be pointed out that the handling, processing and
utilization of the fish catches, which form more than three fourths of the total landings, need
further improvement (Georgs al.,1981).

2.4. Shrimp Farming

Aquaculture is the fas$é growing form of food production in the world. Even though other
products such as mollusks and carp are produced in greater numbers, shrimp dominates the
aguaculture production by value. Also shrimp farming is one of the fastest growing
aguaculture prodis in the world. Between 1982 and 1992 its production increased nine fold
while its price remained consistent (Clay, 2004). This is encouraging for new shrimp farmers
since prices donoét go down even thougsh ther
increase in production, there are growing concerns about the environmental impacts,
especially the destruction of mangrove swamps, pollution from antibiotics and pesticides

used in intensive shrimp farming, and damage to the wild stejpapies.

In reent years, the global capture of wild shrimp has been overtaken by the harvest from
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farmed shrimp. A shrimp farm is aguaculturdusiness for the cultivation of marine shrimp
or prawns for humamronsumption. The total global production of farmed shrimp reached
more than 1.6 millioionnesin 2003; about 75% of farmed shrimp are produced in Asia. By
2010, the aquaculture harvest vda8 million tonnes, compared to 3.1 million tonnes for the
capture of wild shrimp. (Gillet, 2008)

Most estimates figure that 90% of the shrimp sold in the United States comes from intensive

or semiintensive Asian or Latin American farms (Quick guide to shrimp).

Globally, shrimp farming is responsible for less than 10% of the loss of mangroves, yet the
industry has borne the brunt of the criticism. This is because in certain regions the impact to
mangroves has been much greater; Thailand for example cleared 6&maihgroves for
shrimp farms. Intensive shrimp farms, those with high stocking densities, are responsible for
discharging effluents (pollutants) from fertilizers, feces, and excess artificial feed. These
effluents can contribute to a high organic loadolmay pollute and eutrophication of the
surrounding coastal waters. Chemicals used in shrimp culture are minimal, though the use of
antibiotics is of concern because of the emergence of resistant bacteria. In some countries,
postlarvae used to stock gmeout ponds are harvested from the wild as opposed to being
grown in hatchery facilities. While the impacts of these practices are not documented,
removal of wild larvae may have adverse effects on the recruitment of wild shrimp

populations in those areé@3oyd and Clay1998).

Shrimpfarming operations are, however, highly varied. Extensive and improved extensive
shrimp farms (i) stock shrimp larvae directly from the sea, in part or entirely, (i) have a
relatively low density of shrimp, and (iii) have enapping generations of shrimp. On the
other hand, intensive shrimp farms (i) stock shrimp-tarstaie (PL) from hatcheries, and the
brood stock can originate from geographic locations far from the farm, (ii) have a relatively
high density of shrimp, angii) have nonroverlapping generations of shrimp. Typically a
pond is seeded with post larvae (PL) and they are subsequently harvested together, after
which the pond is drained and cleaned. (Baeal.,2011)

Shrimp has emerged as an important itertheaworld seafood production. Asian countries
like Taiwan, Indonesia, Thailand and India have emerged as global leaders in shrimp

production. In order to bridge the gap between world demand and supply of shrimp, many
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countries have undertaken intensiveirsip farming with intensive application of fertilizers

and chemicals to boost the productivity. But such production system has led to degradation of
the resource base which resulted in the massive disease outbreak in the shrimp industry
especially in 19996 and caused subsequent drop in the world shrimp production. Thus,
sustainability of shrimp farming is emerging as a major policy concern in the context of
further development of shrimp farming as a money spinner. Inappropriate and excess use of
chemicals fertilizers and accumulation of excess feed in the pond bottom makes the soil
acidic and unsuitable for any further use either for agriculture or other fish culture
(Bhattacharya, 2009)

Performance evaluation of two different culture systemsPehaeusmonodon namely
modified extensive and senintensive farming in low saline water (>10 ppt saline soils) has
been carried out in West Godavari district of Andhra Pradesh during a winter crop. season
Total production (t/ha/crop) was found to be three timmigber in the semi intensive farm
than the modified extensive farm. However, growth rate of individual shrimps and final
average body weight were more in the modified extensive farm. The average body weights at
final harvest were 35 + 1.62 g (105 dayscafture) and 28 + 2.18 g (112 days of culture)
respectively for modified extensive and santensive farms. Survival and FCR were similar

in both the farming practices. Water quality parameters did not vary, but certain
environmental indices such as totaganic matter content and total nitrogen levels of soil,
ammonianitrogen level in water were higher in semi intensive farm indicating its potential

impact on environment (Laureatteal.,2012).

Extension activities to disseminate the information &MPB and adoption of these BMPs by
farmers showed significant improvement in the success of farmers by resulting in better crop
outcomes and reduced emergency harvests, which is indicative of a disease outbreak. Cluster
farm management approach by promotiorf far mer 060Aquacl ubdé6 pr o
farming discipline among shrimp farmers can effectively contain the diseases at village
cluster level. The average crop outcomes in study ponds in terms of production, average body
size, survival rate and crop mdtion were 1,366 kg/ha, 26.2 g, 72% and 116 days,
respectively; while in nostudy ponds were 764 kg/ha, 24.7 g, 46% and 98 days,
respectively. Emergency harvests indicative of disease outbreaks was 2% in study ponds
compared to 65% in surrounding nrstudy ponds and they were significantly different
(p=0.00)(Padiyaret al.,, 2008).
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25. Shri mpo6s contami namatasn wi th toxic heavy
Heavy metal pollutions are particularly hazardous contaminants in food and the environment.
In general, they are not biodegratkabnd have long biological hdifzes. According to the

World Health Organization, 1995, heavy metals must be controlled in food sources in order
to assure public safety. Excessive concentration of food heavy metals is associated with the
etiology of a nmber of diseases, especially cardiovascular, renal, neurological, and bone
diseases. A major reason to monitor levels of toxic metals in foods follows from the fact that

contamination of the general environment imaseased.

The level of the heavy meti green tiger shrimpRenaeus semisulcatuand crabPortunus
pelagicug caught off the Persian Gulf near Bushehr province were investigated. This study
was performed to evaluate instrumental neutron activation analysis (INAA) to analyze heavy
metal conentration in crab and shrimp whole body tissue. The order of the swimmer crab
and shrimp heavy metal concentrations were Zn>Fe>As>Mn>Co and Fe>Zn>Mn>As>Co,
respectively. The results showed swimmer cfabriunus pelagicysand shrimp Penaeus
semisulcatuscaught off Persian gulf, were contaminated with high level of As. High levels
of As and Mn were noted ierabsandshrimp,respectivelyHeidariehet al.,2013).

Heavy metal pollution is one of the major types of pollution in coastal and marine
environmet. Heavy metals are conventionally defined as elements with metallic properties
such as ductility, conductivity, stability as cations, ligand specificity, etc (Umamahestwari
al., 2011).

Among environmental pollutants, metals are of particular condemnto their potential toxic
effect and ability to bioaccumulate aquatic ecosystems. There is increasing concern about
the quality of foods in several parts of world. The determination of toxic elements in food has
prompted studies on toxicological effe of them in food. Heavy metals are considered the
most important form of pollution of the aquatic environment because of their toxicity and

accumulation by marine organisms (Shrivastatval, 2011).

In 2012, Balfouret al.,done research work to det@ne chemical contaminants copper, zinc,
cadmium, chromium, nickel and mercury in the marine shrifgméeuspp.) Determination

of all heavy metals was by flame atomic absorption spectroscopy except for mercury. The
heavy metal findings in the marine shp were well below the United States Food and Drug
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Administration, Canadabés Food I nspection Ag
limits for human consumption. Significant differences were observed only for copper and

zinc by location and seasortenaction. The marine shrimpé¢naeuspp.) in Trinidad were

safe to consume since the metal (Cu, Zn, Cd, Cr, Ni and Hg) concentrations were well below
local and international admissible limits for human consumption. Some vending sites
(locations) had higer levels of metal contamination mainly in the dry season which may

have been due to anthropogenic metal contamination along the coastline or fudhdr in

The presence of heavy metals in our environment has been of great concern because of their
toxicity when their concentration is more than the permissible level. These metals enter in the
environment by different ways like industrial activities etc. this study have used Inductively
Coupled Plasm®ptical Emission SpectroscogiCP-OES) technique for etermination of
Aluminum, Boron, Barium, Cadmium, Cobalt, Chromium, Copper, lron, Potassium,
Magnesium, Manganese, Sodium, Nickel, Lead, Antimony, Tin, Silicon, Phosphorus and
Zinc in different species of fish tested. The concentrations of Ca, K, Mg, iN& ame too

high as compared with other metals as these metals were not in the maximum permissible
level set by World Health Organization (WHO) (Saral.,2011).

Cd exhibits biochemical and physiological toxicity for crabs and shrimps, affecting on
activity of antioxidant enzymes, affecting metabolic enzymes, affecting Na Kk + -
ATPase, etc. Cd showed noticeable effects on the reproductmahls and shrimps. Female
crabs exposed to 0.50 mg/L Cd showed significantly lower the gonadal somaticaade,
diameter values and the ovary vitellin than contrédlseseproved certain concentrationof

Cd inhibited ovary developmenin E. sinensisCd stimulated the secretion of GIH, increased
progesterone level and decreased estradiol level in haemolyhtgh.vesicles of the
endoplamic reticulum became swelled and dissolved; ribosomes on the endoplamic reticulum
gradually fell off by Cd toxicity. Cd restrained the proliferation of isolated spermatogenic

cells fromM. Nipponesd€Kanget al.,2012).

Metallothioneins (MTs) have been widely considered for their potential use as specific
biomarkers to reflect the existence of heavy metal pollution, because their induction has been
observed to be obviously elevated after heavy metal exposure in a large nugsresnor
studied. However, relatively fewer efforts have been made irrdleed studies of prawn
species, such as the white shrilifppenaeus vannameg globally importantaquaculture

speciesWith the resultsfrom gelfiltration chromatography, we demdrete the existence of
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MTs or MT-like proteins inL. vannameiWe further studied the relationship between MT
induction and metals accumulation after ldegm exposure to the heavy metals Cd and Zn.
From our results, it is very clear that the response. @annameto Cd differs from that to

Zn, and this should be considered when using MTs in field applications to monitor metals
contamination (Wu and Chen, 2005).

2.6. Shrimp disease and veterinarydrugs

Despite the explosive growth in the world productiorcoltivated shrimp, there have also

been staggering periodic lose due to disease in which 60% loss due to viruses 20% due to
bacteria (Flegett al.,2008). Disease outbreaks can be a fatal challenge to the shrimp species.
Sometimes it can wipe out all dig farmed species. Shrimp farming businesses also have a
heavy reliance on other countries for feed, brood stock and seed stock; creating a larger risk

for new shrimpliseases.

Shrimp cultivation areas have expanded the most. However, this industry nfieges
problems with bacterial diseases, and large quantities of chemical and antibiotic products are

frequently used to counteract this (&ieal.,2005).

Antibiotics are commonly used in aquaculture during the production cycle, both in the larval
and gravth phases. The use of antibiotics in aquaculture is associated with environmental and
human health problems, including bacterial resistance, persistence of the disease in the
aguatic environment, and effects on the biogeochemical composition of the rsediime
accumulation of antibiotigesidues in the edible tissues of shrimp may also alter human

intestinal flora and cause food poisoning or allergy problemsef\&,2006).

In an attempt to stave off disease, shrimp in many foreign farms are givgrdases of
antibiotics, either mixed in with feed pellets, dumped directly into pond water or both.
Oxytetracycline and ciprofloxacin, both of which are used to treat human infections, are two
of the most common drugs in shrimp farming. The use of amlpih@nicol, penicillin and

other antibiotics pose serious health risksuch as susceptibility to antibiotiesistant
bacteriai to consumers if residues of the drugs remain in the shrimp (Suspicious Shrimp,
2008).

Infectious diseases are a major congeraquaculture both in terms of the potential negative
impacts on production and the potential for disease impacts on wild populations. Outbreaks

of disease are typically caused by widely distributed, opportunistic pathogens. In natural
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systems they have law prevalence and low intensity of infection, but in aquacultures or
aguaculture hatcheries where stresses lower resistance and stocking density facilitates
transmission of disease, impacts of disease outbreaks can be severe (Johnston and Santillo,
2002)

For decades, various diseases have devastated the shrimp industry throughout the producing
nations by wiping out entire crops. One of the most damaging is the White Spot Syndrome
Virus (WSSV), which has been the most widespread, causing high morgaétynr many

shrimp species and other crustaceans. Unregulated processing, use, and disposal of infected
imported shrimp or the use of contaminated larvae in farming have caused the rapid spread of
WSSV from its endemic regions to wild and cultured stod¢kshamp throughouthe world.

In efforts to protect their shrimp from the effects of WSSV and other pathogens, shrimp
farmers worldwide turn to the chemical and pharmaceutical industries, although it is nearly
impossible to control WSSV other than by deging the entire infected crop. There are
relatively few constraints on chemical usage in aquaculture in the countries where shrimp is
farmed and many antibiotics are widely available from chemical and pharmaceutical
suppliers. The U.S. is comparativellyic in this respect, limiting the use of antibiotics in
aquaculture to three drugs: oxytetracycline, sulfamerazine, and a drug combination
containing sulfadimethozine and ormetoprim (The chemical cocRG04).

Indian shrimp farmers prefer tiger prasw. monodordue to its large size, faster growth and
lucrative price. This may lead to indiscriminate explosion of wild spawning stock and over a
long period of time this may also adversely affect the capture fisheries resources. Disease
control managemershould receive utmost priority in India because the outbreak occurred in

94 caught us unawares and caused heavy loss financially. Cultured shrimps are susceptible to
various types of infectious and non infectious disease. A number of viral, rickefiasigl,

bacterial diseases have been reported. Diagnostic methods presently available are expensive,
cumbersome and time consuming. By the time causeatamtophylaxis are identified, it
spreads so easily to nearby areas that prevention and cdrgoame impossible
(Achuthankutty,1998).

The presence of 21 antibiotics in six different groups was investigated in coastal water of the
Bohai Bay. Meantime, to illuminate the potential effects caused by the river discharge and

aguaculture activities, wasteter from three breedinglants and surface water from six
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rivers flowing into the Bohai Bay were also analyzed for the selected antibiotics. The result
revealed that measured antibiotics in the North Bohai Bay were generally higher than those in
the South highlighting the remarkable effects of high density of human activities on the
exposure of antibiotics in environment. The antibiotics found in the six rivers were generally
higher than those in the Bohai Bay reflecting the important antibiotics sofirceeo
discharge. This study reveals that the high consumption of some antibiotics in aquaculture

activities may pose high ecological risk to the bay (£2val.,2011).

This work summarizes the current methods for total malachite green (MG) deteciobnisvh
known as a sum of MG and leuomalachite green (LMG) that has been used extensively in
aguaculture as fungicide, dye color in textile and other purposes in food industries. LMG is a
reducing form of MG, where the MG is easily reduced due to theomixidative de
methylation process. Nevertheless, the use of MG had become an issue due to its toxicity
effects. Many analytical instruments such as HPLC,MS&/MS, GA MS, and spectrometry

have been widely used for detection of MG. However, these metleoggsrea long time
sample preparation and analysis, expensive, use hazardous reagents and indirect
measurements. Hence, other analytical methods which are more sensitive, safe, rapid,
inexpensive and portable are required. Alternatively, biosensors promiseeaensitive and

rapid detection method for MG and LMG (Hidayetal.,2013).

Graslundet al.,in 2003 documented the use of chemicals and biological products in marine
and brackish water shrimp farming isimimplThail al
Interviews were conducted with 76 shrimp farmers wised on average 13 different
chemicals and biological products. The most commonly used products were soil and water
treatment products, pesticides and disinfectants. In the study, the use othanor290
different chemicals and biological products was documented. Many of the pesticides,
disinfectants and antibiotics used by the farmers could have negative effects on the cultured
shrimps, cause a risk for food safety, occupational health, anaver regative effects on
adjacent ecosystems. Manufacturers and retailers of the products often neglected to provide
farmers with necessary information regarding active ingredient and relevant instructions for
safe and efficientise.

Shrimp culture is a vgrimportant economic activity in the world and the fastest growing
industry in Northeastern Brazil. Problems with diseases are common in aquaculture and at the

least seven species of Vibrio bacteria have been documented infecting shrimps during
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different alture stages. Oxytetracycline (OTC) has been widely used against these
pathogens. In the present study the distribution and residue depletion of QEGpenaeus
vannameitissue were evaluated after 14 days of exposure to medicated feed containing 4
g/kg. Two trials were conducted: in indoor tanks under laboratonyrolled conditions and

in cages installed in an outdoor commercial shrimp gootvpond. Medicated animals were
sampled periodically during the treatment period and thereafter. The tissle ¢¢ OTC

were measured by higterformance liquid chromatography (HPLC). Although conditions

were similar for both treatments, OTC peak concentrations differed. After 7 and 12 days of
exposure to OTC, the maximum tissue residue levels were 17.21 &hd €3y / g f or sh
reared in the laboratory and in the pond, respectively. The mean OTC tissue residue
concentration observed fdyoth experimental environments is within the limits of the
minimum inhibitory concentration (MIC) determined for vibriosis tneant. Drug residue

levels dropped quickly during the first 72 h after treatment termination, then slowly and
steadily until a residue | evel of 0.1 €9/ g,
requirements, was attained at day 16 of OTC withdladfter 25 days of OTC withdrawal

no drug residues could be detected. However, a longer withdrawal period is recommended to
ensure complete drug depletion (Limtzal.,2005).

2.7. Cons of antibiotics in farmedshrimp

A primary concern for people who eat fad shrimp, particularly those who consume
substantial quantities over a long period of time, is the usage of a range of antibiotics to
prevent and treat bacterial conditions common in shrimp farms. In efforts to protect their
shrimp from the effects of sikases and other pathogens, shrimp farmers worldwide turn to
the chemical and pharmaceutical industries, although it is nearly impossible to control the
disease like WSSV other than by destroying the entire infected crop. The U.S. is
comparatively strictni this respect, limiting the use of antibiotics in aquaculture to three
drugs: oxy tetracycline, sulfa merazine, and a drug combination containing sulfa dimethozine
and ormetoprim. A host of antibiotics are broadly used in aquaculture to stimulate gndwth a
to reduce the incidence and effects of diseases caused by crowded;fe@ctocpnditions.

The more antibiotics used, however, the more rapidly bacterial resistance develops, and this
problem is reaching crisis proportions today, where bacterial grigwtb longer stopped by

the antibiotic, and thus the antibiotic is no longer capable of treating or curing the disease.
Increasingly more bacteria are becoming resistantontt to one, but many antibiotics,

making it more difficult to combat bacteria ath cause illnesses in humans
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(www.foodactivist.org,.

As in other animal production sectors, antibacterial substances (antibiotics and
sulphonamides) are utilized in aquaculture production with the purpogaresention
(prophylactic) and treatment (therapeutic use) of bacterial diseases (&upin, 2003).
Antibiotics have also been utilized as growth factors, even if this is not now considered to be
a good practice. Antibiotics utilized in aquaculture afethe same type utilized to treat

bacterial diseases umans.

Despite the ofterencountered claim that there are no antibiotics used for growth promotion
in aquaculture, a National Seafood HACCP Alliance for Training and Education
Compendium identife® gr owt hé as one the reasons why
(Benbrook, 2002).

It is illegal to use antibiotics in U.S. shrimp farms, but because most of the shrimp eaten in
the United States is produced elsewhere, this law does little to proteictonssmers. In a

2003 survey of Thai shrimp producers, 74 percent reported using antibiotics on their shrimp.
To make matters worse, producers knew little about applying the drugs, leading to serious
overuse. Many tried using antibiotics to treat virise@si t hout Kknowi ng that

kill viruses (www.foodandwaterwatch.org

For the consumer, the primary safety aspects concern the prevention of hazards of consuming
unsafe residues in the edibissues of farmed animals. Primary control is exercised via
Maximum Residue Limits (MRL), established Bouncil Regulation EEC/2377/90 (CEC,
1990). The MRL defines the maximum level of residues of any component of a veterinary
medicine that may be preseantfoodstuffs of animal origin without presenting any harm to

the consumer. The MRL for any substance is determined from data submitted to the Safety of
Residues Working Party, a subcommittee of the Committee for Veterinary Medicinal
Products (CVMP). Thigletermination is ratified by the CVMP and adopted into law by a
Regulatory Committee in the form of Commission Regulations. This means that, although an
MRL is generic and not proprietary, commercial support for the generation of data is
essential. The MR is determined by an iterative process from a range of safety data, the
most important of which is the Acceptable Daily Intake (ADI). The ADI is defined as the
level of a substance that may be consumed daily without presenting a hazard to the consumer
(Alderman2009).
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The exposure of the consumer to antibiotic residues in seafood is of great importance for
health. Information related to residues of oxytetracycline, enrofloxacin and its metabolite
ciprofloxacin in Litopenaeus vannameissues is very scee, even though this species is
among the most highly valued for its commercialization and oxytetracycline and enrofloxacin
are frequently employed when farming this species. The liquid chromatography is the most
widely used method, for quantitative anadysf antibiotics. Antibiotics must not be used as a
preventative measure, since bacteria very rapidly develop resistance to them, leading to their
ineffectiveness. Chemical agents should only be applied if there is an appropriate diagnosis of

the situatio and always under previously established control protocols (Aletaalg2012).

Administration of antibiotics appeared to dowagulate a number of immuelated genes.
Prophenoloxidase (proPO), clottable protein artyionosin, Penaeidin, haemocyanivhey

acidic protein, and profilin were dowegulated by antibiotics. The expression of other
immunerelated genes meanwhile remained unchanged or eveegufated including -2
macroglobulin and TNHnduced protein. The shrimp lymphoid organ is a primsite of
bacterial accumulation and bacteriostasis and plays a role in the elimination of viral particles
and other infectious agents. Expression of several genes in the shrimp lymphoid organ
including those that are involved in immune response wasedltafter administering
antibiotics. Antibiotics used to treat and prevent microbial infectionshilmp affect the
shrimp transcriptomic profile and dowagulate the expression of a few immuetated

genes (Fagutaet al.,2009).

The use of antibioticer aquaculture may cause development of antibiotic resistance among
pathogens infecting cultured animals and humans. Antibiotics are commonly used in shrimp
farming to prevent or treat disease outbreaks, but there is little published documentation on
detals of usage patterns. According to this study a large proportion of shrimp farmers along
the Thai coast used antibiotics in their farms. Of the sex@rtijarmers interviewed, 74%

used antibiotics in shrimp pond management. Most farmers used them pabighilly, some

on a daily basis, and at least thirteen different antibiotics were used. Many farmers were not
well informed about efficient and safe application practices. A more restrictive use of
antibiotics could have positive effects for the individiaamer and, simultaneously, decrease

impacts on regional human medicine and adjacent coastal ecosystems.

Dissemination of information could contribute to a decreased use of antibiotics, without
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decreasing the level of shrimp production (Holmstedral, 2003).

Among the substances that appear as hazards for consumers are malachite green (MG), and
its metabolite leucomalachite green (LMG). MG is a synthetic fabric dye that has been found
effective for the treatment for parasitic and fungal infectiorfsslnand shellfish and is used

in aquaculture in many countries around the world. It is relatively inexpensive and in many
countries is freely available. A study performed recently by the National Toxicology Program

of the United States (NTP, 2005) cordada that malachite green chloride might have caused
tumours of the thyroid gland, liver and mammary gland in female rats (but did not cause
cancer in female mice). LMG on the other hand might have caused cancers of the thyroid
gland in male and female ratsf the testes in male rats and the liver in female rats (LMG also

caused increased cancer in the liver of female mice).

MG and LMG are also suspected to be potential in vivo mutagens, which means with the
possibility to damage genetic material, and tlaeg therefore potentially carcinogenic to
humans (Sriviastavet al.,2004). A study by the National Toxicology Program of the United
States (NTP, 2004), concluded that MG was not mutagenic in any of several strains of
Salmonella typhimuriumin additionto the discussions about toxicological data, MG has
never been a licensed veterinary medicine in many countries, which in turn makes it difficult
to analyze for possible MRL. The use of MG only in hatcheries raises the question that MG,
and particularly LM5, could remain in sediments and be released when sediments are
disturbed (Lupir009).

Pesticides and antibiotics can also impair shrimp health and can accumulate inside muscle
and, therefore, should be forbidden for sale. A set of biomarkers, usiegpios and more
classical biochemical and physiological approaches, should be developed as an early warning
signal to prevent excess use of chemicals in shrimp farming. It is suggested that the problem
of the use of antibiotics and pesticides should bdt deeough unified local and global
preventive approaches. Heavy use of antibiotics and pesticides must be reduced drastically
and replaced with improved culture techniques. Future research should focus on the
development of new biomarkers, with which infation from several techniques and several
levels of biological organization are used to provide a better assessment of contamination in

the environment (Tet al.,2010).

The present study demonstrates a complete method to rapidly and precisely detesidire
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levels of malachite green and leucomalachite green in fish with the new Agilent 6410 LC/MS
triple quadrupole system. Using positive mode electrospray ionization (ESI+) and multiple
reaction monitoring (MRM), qualification and quantification waceomplished without the
traditional tedious PbO2 oxidation process.
which easily meets the import requirement af 8 / $€tpy Japamandthe EU. (Liang et al,
2006)

A sensitive and specific method is describet the simultaneous determination of
oxytetracycline, tetracycline (TC), and chlortetracycline residues in edible swine tissues, by
combining liquid chromatography with spectrofluorometric and mass spectrometry detection.
The procedure involved a prelimiyaextraction with EDTAMcllvaine buffer acidified at

pH 4.0, followed by soligphase extraction cleanup using a polymeric sorbent. The liquid
chromatography analysis wperformed with spectrofluorometric detection after postcolumn
derivatization with magesium ions. The limitef quantificationwere 50 pg/kg for muscle

and 100 pg/kg for kidney tissues. The recovery values were greater than 77.8% for muscle
and 65.1% for kidney. The method has been successfully foseithe quantification of
tetracyclines in swine tissues samples. The selective liquid chromatography mass
spectrometric analysis for confirmation of oxytetracycline in one positive swine muscle
sample was made by atmospheric pressure chemical ionization (APCI). The APCI mass
spectra of the TCgave the protonated molecular ion and two typical fragment ions, required
for their confirmation in single ion monitoring scan mode in animal tissues (Eteah,

2007).

Furazolidone is a broaspectrum antibiotic that is frequently used in aquacultaraarount

of its excellent antibacterial properties. In this study, bdhbe Enzymelinked
Immunosorbent Assay (ELISA) and Higterformance Liquid Chromatograpfiandem
Mass Spectrometry (LMS/MS) methods were used to analyze the content of residual 3
amino-2-oxazolidinone (AOZ), a metabolite of furazolidoneTiilapia tissue. Homogenized
fish samples were spiked with various amounts of AOZ, and following combined acid
hydrolysis and derivatization of the homogenized tissue WwiNBA(2-nitrobenzaldehyde),
sample cleatup was performed and the derivednifophenylmethylen&-aminc2-
oxazolidinone (NPAOZ) was analyzed. Using the-MS/MS method, a linear correlation
between measured concentration Y and spiked concentration X was observed: Y = 0.4518X
0.0166 R2 = 0.9972. The linear equation for the ELISA method was Y = 0.9322X + 0.5168,
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R2 = 0.9066. These results demonstrated that the ELISA method might overeshmate
residual AOZ content at low concentrations.The detection limit and recovery of the
known addition were 0.05 pg k@ and 108% for the LOMS/MS method and 0.31 pg Kb
and 305% for the ELISA method, respectively (Tetaal.,2009).

2.8 Molecular biology in Shrimp study

Molecular phylogeny of Penaeid shrimps has been reported based onidedequences of

COl, 16S rDNA and COI and AFLP. Phylogenetic trees revealed close genetic relationships
betweenP. monodorandP. semisulcatugsubgener&@enaeusbut distant relationships were
observed among economically important shrimps from diffegamtera P. monodon, P.
semisulcatus, F. merguiensis, L. vannamei and Marsupenaeus japoriertheless,
simple molecular markers for differentiation of these shrimps have not been reported
(Khamnamtonggt al., 2005).

The last decade of research andiede@pment in shrimp genomics and genetics has seen
significant advancements. An abundance of sequence information from expressed genes is
available in public databases, providing a first glimpse at the gene content of several Penaeid
species. Researcheradaaquaculture geneticists are only now beginning to exploit these
resources, especially for the identification of genetic markers, candidate disease resistance
genes, and genes linked to reproduction and other aquaewtevant processes. A growing
number of initiatives are mining the available sequence data to implement markers and
generate increasingly more extensive linkage maps. The number of shrimp genes for which at
least some sequence information is now known is in the thousands, rather ttlaretineas

was the casejust a few yearsago. The tools are also in placeto refine the selection of
candidate aquacultwrelevant genes through the characterization of two key aspects of the
function of a gene: its expression and itsdosfunction phaotype (Robalinet al.,2012).

The goals of the present work was testing four protocols of DNA extraction, with slight
changes, using samples of muscle tissuk.qgfaulensis We tested: saline DNA extraction

(S), plant and fungal DNA protocol (A), andonified insect DNA protocol (B), in which
variations were focused on different concentrations of reagents in the digestion solution.
Other changes were performed in protocols A and B: addiction of (1) pure chloroform; (2)
chloroform/iso amylic alcohol; (3jpure chloroform and beta mercaptoethanol. The DNA
extraction products wenasualized in 0.8% agarose gel stained with ethidium bromide. DNA

amplifi cation using ISSR (Inter Simple Sequence Repeat) primers was also carried out in
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order to verify the utity of DNA samples obtained by each method in PCR. No significant
differences in the DNA concentrations according to each procedure were detected (&lliveira
al., 2011).

The use of polymerase chain reaction in combination with restriction enzymes digestio
RFLP or single stranded conformation polymorphism is favored for identifying and
characterizing the species origin of shrimp products due to their convenient and cost effective
(Khamnamtonget al.,2005).

Multiplex PCR assay based on the 16S rRNA nhitowrial gene were used to identify the
Penaeid shrimpFarfantepenaeus aztecgu$arfantepenaeus duorarymFarfantepenaeus
brasiliensisand Litopenaeus setiferysall native to the Gulfof Mexico, and the exotic
Litopenaeusvannamei The assaywas validatedusing positively identified adult shrimp and
confirmed by direct sequencing. Samples of post larvae and early juveniles collected in the eastern
and western Gulf of Mexico were tested yielding F1l@ztecus78F. duorarumand fivel. setiferus
Reliableidentification of the morphologically similar early life stagesrofaztecusandF. duorarum

has important implications for management aswhservation. Similarly, the ability to identitfly.
vannameiis relevant as early detection could help minimize ebelogicalimpactif this species

escapeso thewild (Bremeret al.,2010).

The population genetics of many Penaeid shrimps have been well studied, since the
knowledgeof the genetic structure of fisheries stocks is crucial to shape policies that will
ensure sustainable stock viability (reviewed in Benzie, 2000). However, genetic studies of
natural populations of Brazilian shrimps have been conducted only for the genera
Farfantepenaeusnd LitopenaeusIn addition, until now, despite its economic importance,
the genetic structure of populationsXfkroyerihas never been studied (Voloch and Cava,
2005).

Artemiais one of the most conspicuous invertebrates associatedaguaculture. It can be
considered as a model organism, offering numerous advantages for comprehensive and
multidisciplinary studies using morphologic or molecular methods. Since DNA extraction is
an important step of any molecular experiment, a newaanagid method of DNA extraction

from adultArtemiawas described in this study. Besides, the efficiency of this technique was
compared with two widely used alternative techniques, namely Chelex® 100 resin and SDS

chloroform methods Data analysisreveaéd that the new methodis the easiesandthe most
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cost effective method among the other methods which allows a quick and efficient extraction
of DNA from the adult animal (Manaffat al.,2010).

Polymerase chain reactidrased methodologies have beerealeped for the identification of

three commercially relevant Penaeid shrimp specidstopenaeus vannamePenaeus
monodon and Fenneropenaeus indicusy food products. Preliminary sequencing of a
mitochondrial sequence of ca. 530 bp in the 16S rRNA/tRBlA%itochondrial region was
performed in nearly 20 Penaeid shrimp species of commercial relevance. Careful analysis of
such sequences allowed the design of primers PNVF/PNVR, which allowed the combined
identification of P. monodorandL. vannameiand PNIFPNIR, which allowed the specific
identification of F. indicus In addition, P. monodonand L. vannameicould be easily
differentiated by either restriction with TspEl or by amplification with novel primers
MPNF/MPNR, specific forP. monodon The proposedpecific methods improve current
general identification methods of these species based on more general RFLP analyses
(Pascoakt al.,2011).

DNA-based molecular markers for differentiation of five Penaeid shrinfenagus
monodon P. semisulcatus, Fenerepaeus merguiensis, Litopenaeus vannaraad
Marsupenaeus japonicusvere developed based on polymerase chain reagiriction
fragment length polymorphism (PGRFLP) and singkstranded conformation
polymorphism (SSCP) of 16S ribosomal (r) DNA. Differentiation of P. monodon P.
semisulcatusand L. vannameican be unambiguously carried out by PCRRFLP of 16S
rDNA560 whereasP. semisulcatusand M. japonicusshared a BABBmitotype. These
shrimpswere successfully discriminated by SSaalysisof 16S rDNAS0. 16S rDNA of an
individual representing the most common mitotype of each species was cloned and sequenced. The
new primer pair was designed and tested against the large sample sizes. The amplification success was
consistent across all species. PRRLP of 16S rDNA was as effective as that of 16S rDNA.
Differentiation of all shrimp species were successfully carried out by SSCP analysis (Khamnamtong
et al.,2005).

Expressed sequence tags (ESTs), were originally developed to study human genomics, but
they are now available for studying other important organisms, including shrimp. ESTs are
short sequences generated by sequencing randomly selected cDNA clones from a cDNA
library. This is currently the most efficient and powerful method for providing trangerip

data for organisms with an uncharacterized genome. EST data has been downloaded from
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NCBI db EST for the four major Penaeid shrimp species and constructed a database to host
all of these EST data. This database provided the shrimp aquaculture lresmaraunity

with an outline of the shrimp transcriptome as well as a tool for shrimp gene identification
(Leuet al.,2011).

The present study describes a simple method of extraction of white spot syndrome viral DNA
(WSSV) from infected shrimp for the pwherase chain reaction (PCR) detection of WSSV.
The DNA preparation using this method was found to be free from the host DNA, RNA and
protein, and is suitable for different PCR protocols such as sstefePCR, nested PCR and
singletube semnested PCR.This method of extraction has worked successfully for
extracting the WSSVDNA from different organs (haemolymph, eyestalk, carapace, head
muscle, heartgills, appendages, heptopancreas, stomach, intestine, abdominal muscle and
tail muscle) of WSSMnfected adult shrimp, and WSShfected larvae and post larvae
(Yoganandhaet al.,2003).

We report here the molecular cloning of new members of the Penaeidin family from two
Atlantic Penaeids from Brazil,. schmittiandF. paulensisThe presence of Penaigisl in the
granular hemocytes of both shrimps was first evidenmgdmmune fluorescenceusing
polyclonalantibodiesraisedagainstL. vannamePenaeidin Litvan PEN3. cDNAs from the
hemocytes of both Brazilian species were obtained by reverse traioscaptl the sequences
encoding Penaeidins were amplified by PCR, using primers based on Penaeidin consensus
sequences. Five Penaeidin clones were obtained. According to the international Penaeidin
classification,the deducedamino acid sequence®f two clones from L. schmittiand two

from F. paulensisbelong to the PEN2 subgroup and one clone ftoschmitti to the PEN4
subgroup of Penaeidins. Surprisingly, no Penaeidin from the PEN3 subgroup was obtained in
both shrimp species, even though this subgrgugears to be the most commonly expressed

in the hemocytes d?enaeid (Barraccaet al.,2005).

3.0 AIM OF THE STUDY
The present study is aimed at comparing Penaeid shii@pseropenaeus indicy$ndian
prawn), Litopenaeus vannaméWhite leg shrimp)Penaeusnonodon(Giant Tiger shrimp)

collected from different sources with regard to the following techniques

3.1 Molecular characterization Molecular characterization to confirm the species

collected for the study, using PCR and bioinformatcss.
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(1  Isolation of genomic DNA were carried out in all the three species and DNA bands
were viewed by agarose gaéctrophoresis

1 DNA quantification is done in Penaestdrimps
Isolated genomic DNA is then amplified by PCR and sequenced to characterize the

Penaeid speciageretically.

3.2 Chemical analysis:Chemical analysis for the determination of nutrients of species and
analysis of toxic metals and veterinary drugs in the edible tissue of the shrimps.

(1  Nutritional parameters such as crude protein, fat, energy, total carbtasydvare
determined in all three species and values compared ainemg

(1 Analysis of toxic heavy metals cadmium, lead, zinc, mercury is carried out in Penaeid
species.

1 Important banned and non banned veterinary drugs by FDA were determined in all the
threesamples as per export council norms which are commonly done for the export of

marinefood.

4.0 MATERIALS AND METHODS
4.1.Shrimp species selected fastudy
PenaeidSpecies chosen for the study include
1 Fenneropenaeus indicykdian prawn)

1 Litopenaeus vannam@hite legshrimp)

1 Penaeus monodq&Giant Tigershrimp)

4.2. Samplecollection

Shrimp samples used for the current study were collected from different sources.

Fenneropenaeus indicusommonly known as Indian white shrimp was collected from

Cuddalore sea poas wild shrimp origin (Plate 1: a 8).

Penaeus mondodorfTiger shrimp) was collected from ponds near seashore in the

Pondicherry region as an extensive farming origin. (Plate da &

Litopenaeus vannamaias collected from Meenjur shrimp farm in Thuallur district as an

intensive farming origin (Plate 3, 4, 5 & 6).

4.3. SamplePreparation
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Shrimp samples were washed thoroughly with deionized water to remove any adhering
contamination and drained using filter paper. Samples were brought to the laboratery
using insulated containers. The washed shrimps were wrapmddnrinum foil and frozen

at-4°C for two daysbeforesampleswvere preparedor Plate 1

a) Lateral view of Fenneropenaeus indicusaught from Cuddalore segort

b) Fenneropenaeus indicusaught from Cuddalore seaport

Plate 2

a) Penaeus monodooaught from local ponds in the Pondicherry regiori Lateral view
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b) Penaeus monodoraught from local ponds in the Pondicherry regiori Dorsalview

Plate 3 Litopenaeus indicusaught from the shiimp farm in the Thiruvallur district
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Plate 4 Soil Plugging in the shrimp farm

n st e s
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Plate 5

a) Shrimp farm in Tiruvallur district separated by bunds

b) Aerator tank used in the shrimpfarms

Plate 6
a) Shrimp harvesting
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b) Litopenaeus vannameasaught from the shrimpfarm

Plate 7

b) Loading the amplified DNA samples of the Penaeid shrimp species into the well of

Agarose GelElectrophoresis
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a) HPLC MS instrument used for the detemination of the antibiotics and antifungal

agentsn the Penaeid shrimpspecies

Plate 9
a) CVAAS instrument used for determination of Heavy metals (Mercury) in the

Penaeid shrimpspecies

b)2 ICP - MS instrument used for the determination of Heavy meta in the Penaeid

shrimp species
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Result of the genomic DNA bands isolated from Penaeid shrimps under UV

transilluminator

Lane 1l Lane 2 Lane 3

Lane 1 Fenneropenaeusndicus
Lane 2 Penaeusmonodon
Lane 3 Litopenauesvannamei

Plate 11
Result of the PCR bands of the genomic DAlisolated from Penaeid shrimps under UV

transilluminator along with 100bp DNA ladder

Lane 1 Lane 2 Lane 3 Lane 4

1000 bp
900 bp
800 bp
700 bp
600bp
500 bp
400 bp

425 bp

300 bp
200 bp
100 bp

Lane 1 Fenneropenaeusndicus
Lane 2 Penaeusmonodon
Lane 3 Litopenauesvannamei
Lane 4 100bp DNA ladder
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Analysis 250 g of shrimp from each species was weighed forogemization. The head and
external shell of the shrimp samples were removed and the whole edible tissue was
homogenized for the analysis. The amount of subsample required for an analytical procedure
usually varies from a fraction of a gram to several grég@ousrenet al, 2002).

4.4, Molecular characterization - DNA bar codingi COI genesequence

4.4.1. Reagents and chemicals

DNA purification kit (Pure Fast® Tissue Genomic DNA purification kit), 2X Pfu PCR
Master Mix, Pure fast PCR Cleamp kit, Agarose gel elémphoresis consumables and
Primers purchased from HELINI Biomolecules, Chennai, India.

4.4.1. a. 2X Master Mix
2U of pfu Taq DNA polymerase, 10X Taq reaction buffer, 2mM MgCI2, 1l of 10mM
dNTPs mix and PCR additives.

4.4.1b. Agarose geklectrophoresis

Agarose, 50X TAE buffer, 6X gel loading buffer and Ethidium bronvgee purchased from
HELINI Biomolecules, Chennai.

4.4.21solation of genomicDNA

1. 10-50 mg of homogenized tissue was weighed and transferred into 1.5ml tube.
400ul of lysis buffer added and grindesging micropestle.

40ul of Proteinase K [10mg/ml] was added and gently mixeldi

Incubated in water bath at 56°C for din.

o ~ 0N

200pl of isopropanol was added, mixed by inverting and incubated at room temperature

for 5min.

6. Whole lysate was transferred irfflmre Fast spin column and centrifuged at 120000rpm for
Imin.

7. Flow through was discarded and 500ul of wash buffer was added and centrifuge at 10000
rpm 1min.

8. Flow through was discarded and 500ul of wash btfevas added and centrifuged at
10000rpm for 1nm. Wash was repeated one momee.

9. Column was for additional 2 minute to remove any residtranol.

10.DNA was eluted by adding 100ul of elution buffer and centrifuged rian.

1