CHAPTER I

INTRODUCTION

Successful implemention of earlier Thai fishery

development plans resul i large fishery production

increases from 0.3 5 2.1 million tons between
1961 and 1977 respestive. éﬂtl?, fishery production

-—

decreased as a esources exploitation

and the imposi (322 km) Exclusive

Economic Zone tountries. The EEZ

restricted acce traditional fishing

grounds. Neverthglle gt by#i 58 1 ‘ishery production began
to increase again perative fishing agree-

A -
ments with other &oufitries; rom large increases in

aquaculture fishery-4 ;. e ; Office of Agricultural

AERN &

Economic, 1988 y'-'-f'_ tips Hanvivaianakic, | 83]

)

Because Tlgag.and g5 cl te and coastal zone habitats

ﬂw'}%mwmm

species of rawns were Wentifle under t.h Thai National

i B HRAE TN NEBANED w00 v

[198?—1%91} with high priority for commercialization. The

giant tiger prawn (Penaeus monodon Fabricius), in particu-
lar, was identified for such development because of its fast

growing to a large size, high market demand, and export
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value (Panipa Hanvivatanakit, 1988). P. monodon is the
largest species in the Family Penacidae, and has many
biolngicallattrihutes which make it amenable to culture in

earthen ponds.

limitation. The godstock quantity and

quality resulted which in turn

resulted in posiflag¥e "“;; see wortages for pond

stocking. At pres bure industry needs

more than 6§ billieo ach year. (Office of

Agriculture Economicg
t!"""" ".-_'_.l"'

Another prnb1E|fﬁff-n&; = color syndrome". The

syndrome usuall "i;_::-;:;;;__:.‘-;;.’:e:;;;;;;;:;.‘.’.‘..‘..;" after 2-3 months
\ F Y

of stocking in th_ : ; *% ffected prawns are

often pale blue 11} color 1nstead of greylsh-brown. This
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growth, but lowers maﬁket pr1ce. The hlue prawns when
cooked Qlﬁt’}-ﬁy@ﬂﬁ ﬁjﬂﬁlﬁr] %tﬁﬂﬁrﬁbﬁ lliant red
of Wlld prawns. he yellowish orange color turns of f

consumers, especially in Japan. The deviation of the natural
color of live and boiled prawns indicates the concern of
carotenoid pigments deficiency, especially astaxanthin

(Piamsak Menasveta et al., in press).



Previous studies indicated that astaxanthin could
correct the coloration of crustaceans (Menasveta, et al., in
press and D'Abramo et al , 1983; Abrill and Ceccaldi, 1984).

Besides astaxanthin showed some beneficial roles in gonad

maturation of aquatic (Torrisen, 1984; Choubert,

1986; Storebakken,

With the = C 2490 T; the . present research was

undertaken to of astaxanthin on

vement in P. monodon In

,

coloration and gogy

particular, the p o improve the gonad

maturation of broodstockes by the

nutritional method.
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The main objectiv of the present study are:
al (¥}

BN NN T e cnceme-
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tiger prawn (Penaecus monodon Fabricius).
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2. To determine the effect of astaxanthin on P. monodon
ovarian development, spawning, fecundity, egg hatching rate,

nauplius production and protozoea survival.

Expected Results

syndrome of

2. astaxanthin and

3. fion and reproduction

monodon.

and thereby incredSefseed sup sYofl P.

Carotencids.are terpepgid pigment occurring widely

in mature. Flibd hed] BRI GIE) a4 pnestvea omiy in

plant tisauea, but are fmetabolized and stgre by animals
afteﬁmx'lﬁnﬂﬂ‘im A TREARNE crseies -
carotene and its derivative, such as Zeaxanthin (3,3-
dihydroxy-B-carotene) which finds in diatoms (Goodwin, 1952)
and marine detritus (Fox, 1953). Although the role of

carotenoids in the pigmentation of fish is well established
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(Choubert, 1981 cited by choubert, 1986), it represents only
one aspect of their function. It has also been observed that
carotenoids influence the physiological growth processes
(Deufel, 1965). The mode of action of these pigments is not

well known, but appeaps linked with provitamin A

function (Goodwi et al.,(1954) have found

that the astaxas a d:hausiid (Meganyctiphanes
novegica) inc::zapﬂ"f the tissue layer specimens,

corresponding tg b1vnrous to carnivorous

habits with cogfe; ion of large amounts of

astaxanthin.

found in the hepato-

pancreas, bt T%- oping eggs, of female

I
A
it

. U
crustaceans Lunnberg, 1934 Lwoftf, 1925; Goodwin, 1949,

e ﬁﬁﬂ‘?ﬂﬂﬂ?ﬂmﬂﬁ e e

in generdll coloration nf crustacean. especlallr the deca-
pudﬂ ﬁﬁﬂﬂmﬂ mﬂﬁgl’] ﬂ]lrus interrup-
tus)fit was found that the amount of the @lrmone astaxanthin
is related to molting and adaptive color changes. This
hormone also controls carotenoprotein synthesis in Carcinus

maenas (Lenel and Villet, 1951).
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The most important carotenoid pigments found in the

crustacean are ;

1. Astaxanthin. This compound occurs in Crustacea in

) esterified, and 3) candu—

three forms; 1) un-esterified

21 re insoluble in aqueous

media, while chromopTFote e, The un-esterified

form is the one f‘ : the epidermis of
crustaceans such 4% J ibg\:“‘ﬁ Nephrops norvegic

(Kuhn and Lederer *193J Sb:\‘- Astaxanthin appears

gated with proteins.

to always be localdfze he (chrogmatephores, while astaxan-

thin protein complgXes; G ﬁ;“;ﬁ » ,\ 5 or chromoproteins)
are often found outsiid phores in the surround-

ing tissues, as well atophores (Brown, 1931).

Astaxanthin is also opancreas, blood (Kuhn

" and Sorensen, 1 5— oTT, 19i5), eggs .Epﬁ‘ hn, Lederer and

Deutsch 1933), an!ﬂ eyes erg, 19 'ﬁ Lwoff, 1925) of

ﬂuEl’JVIEWIﬁWEI’Iﬂ‘i

-Carntene Ag alreadygemphasize,gcarotencids

sther thﬂﬁ'l@,ﬂlﬂ‘imwﬂﬂ‘]m,ﬁl'}] kgl ancunts

in crustacea. B-carotene is, however, frequently present. An

many species.

exception to this rule 1is that p-carotene the major

carotenoid of the epigean isopod Asellus aquaticus (Baldwin,
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1941), and the parasitic cirriped Saccurina carcini(Lennel,

1954).

3. Xanthophylls. Other than astaxanthin. Cryptoxan-

has been found in Asellus aguat-

thin (f-hydroxy-R-carotene
icus (Baldwin and Bea \
amounts in whole

xanthophyll have small

extracts of Cr 5 iroswnovagicus and Hippolyte

calliforniensi carapace of Carcinus

maenas, and in narus (Fisher Kon and

Thomson, 1954) phausids (Fisher, Kon

and Thomson, 198§

Carotenoid are rather more extensive

than in many othe but occasionally pigment

though the cErstenciis ooour oS = ,ety of tissues like
-Qatopancreas. digestive

“ : : ' ]
tract, gonads and eyes. In all cases the shell or carapace

and the ﬂpu%yg B W FpfpeGresemsasr of voo

pigments. For 1ntermu1t‘penae1d prawns about 8B0-90 % of the

ARG TR FY G oo

10- 15 % to hypodermal chromatophores. An example of the

the shell, ep

carotenoid content, composition and configuration of astax-
anthin in four species of Penaeidae (Schiedt, 1987 cited by
Latcha, 1990) is given in Table 1. About 65 % to 98 % of

total carotenoids is astaxanthin of which 83.3 % to 95.4 %



Table 1 Carotenoids in various wild species of Penaeidae.

Carotenoids

Content ug/g

Composition

g,p-Carotene

7,8-Didehydroasta-

xanthin

Hunaastera

Yellow xanthophylls"’

|
Astaxanthin total J‘

D1estarsﬂ u El ’J %U V

P. vanpnamei| P. monodon

29 ¢

'S"wmm

P. Japonicus | Metapenaeus
monoOCeros
38 44
% %
] 3
19 23
2 2
79 T2
a7 22
38
12

o AN I HWP’J‘VIFJW a1l

“? Ester of fatty acids, no lutein, zeaxanthin, presumably three hydroxy

groups.
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revealed to be in the di and monoester forms, while only 3-
14 % was in the free form. The occurrence of practically
racemic 1:2:1 mixture of the three optical isomers
IER,S'R};meso] and (35,3'8) in the four specieslfurthermnre

is in agreement with previous findings in the common north-

ern prawns Pandalus boxeaiiiys gf the same subclass.

Z
N

that vertebrats N \\\
incapable of sY siZine Ca

therefore dependght -oF T supply via the diet (Andre,

als Reproduction

 the reproductive organs
ary origin. It is known
fish in particular are

:,3 endogenously, and are

Vo= 5}
Duriﬂl sexues - ,anpruductive organs
accumule[ cafogenoid pigggnts. With female fish, this

uﬂ@wﬂ%]§w Hﬂﬂ%d ingested in food,

ﬁ rom carotedoids stox ed in mu cle tissue. Thus,
oocyh

) SRS ELUAN N e aecsis o

the amount of carotenoid ingested by the female (Takkuchi,

accumul

1960 cited by Chaubert 1986). Miki et al. (1984) demonstrat-
ed that red seabream ( Chrysophrys major) stored carotenoid

pigments in cocytes after hydrolysis.
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With brown trout (Salmon truta ), Steven (1949)

reported almost total mobilization of carotenoids stored in
muscle and correspondingly significant increases in carote-
noid content of the ovaries. The amount of muscles carote-
noids did not however, accou for all of the pigment depos-
ited in the ovaries. T refore, depends on food-
stuffs to augment thiS“su : &varian maturation. In

the case of chum keta) this does not

appear to be n J69) calculated that

carotenoid depo s larger than that

needed by the o muscle carotencid

pigments being spawning migration.

Sargent et al., 19 akken (1985) observed

on diet were dark red,

whereas those extracted £fonm h g (Clupea harengus) were

dark green. Thi u'..—.-.—.:n_m:':.": thﬂugh post-juve-

nile anadromous 7sé rightly colored flesh
i

resulting from xa&thophyll de 031t10n1 while and herring

flesh is unﬂ uﬁfﬂ ﬂ%%ﬁ.wgqﬂienlud store" in

salmonid musﬂles is mobid ized be ore spawping with the

ornax PRI ISR Uk ’%%ﬂ@ ﬁilmms-

In males fish,some species show no carotenoid
accumulation in the testicle or the milt. Instead pigments

may be transferred to the skin during the spawning season.
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This has been reported by Goodwin (1952) for lumpish
(Cyclopterus lumpus) and flounder (Fundulus parvipinnis) and
Chum salmon by Crozier (1970) . Increased male skin pigmen-
tation may influence mating behavior by attracting the

females (Kinsky, 1971; Mikulin and Soin, 1975).

female decapods mobilize and

transfer "lipoch Smest—fro éﬂtnpancraas (where they

e ripening ovaries by

\x\& 'n Carcinus spp. where
._\?\\\\

are stored as c

the blood. This

only traces of pi blocd and hepatopan-

creas in gravi pale color compared

with males an =\ Normal coler can be

restored in egg \ seding them a carotenoid-

rich diet such as co s eggs (Abeloos and Fisher,

1926). Passage in from blood to ovary has

also been obgeEved

of
aen, 1957) and hen
where carotemﬁ! A s =a j,;" body tissues to
ovaries during efglaving. Lepel (1954) observed in Carcinus

parasﬂlzﬂduﬂ’}m&njw&q ﬂ"ﬁ" ikepd: RERECRENE

vary considerablé, whilegastaxanthjn levels remain
reaaqm’] aﬂnﬁm«umq‘-wa-Er}%guften encoun-
tered are ascribed to its preferential removal by the para-
sites, which accumulate only B-carotene and no astaxanthin.

Fischer (1926) indicated that feces from Carcinus also
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contain the same carotenoprotein found in the hepatopan-
creas. The hepatopancreas therefore appears to have a dual
function; 1) as a storehouse from which carotenoids are
mobilized to the eggs and integument when required, and 2)

as an excretory organ if excessive amounts of carotenoids

are absorbed. Fischer ‘;*. ah ,1927b) found that when placed

lé‘,;nus excrete carotenoids

hiee—menths colorless feces were

on a carotenoid-fre®
for many weeks,
obtained. Thisv dembnerrates nder normal conditions
carotenoids los hen through, alimentary
progress, Simils repnrted in the coelen-

pigmented hepatopan-

\\ e animals were restored

terate (Abeloos,
creases and feces

to a carotenoid-rig
It i‘w iye color changes for

many crustacef a "t¥ hormones. Removal

eye-stalk fron ;I freshly [ted cra r,' (Carinus maenas )
results i ﬁn frst layer nf new cuticle. This
reddeningﬂﬂ ﬁﬁgﬁ la.t.inn of astaxan-
“im: E.‘l‘.l n of%hbhrown and green
AR AND SR ETANEAREL ..
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2., Oocyte Maturation

Only the effects of canthaxanthin on ococyte matura-

tion has been studied. In one six months experiment, Deufel
old rainbow trout (Oncory-

.rdneri] on diets which
ﬁtent. One test diet was

supplemented w1y ant) - n.a’kg feed. He observed

group compared with

64.% of the fema gegiving’ a: -\ The effects on
spawning time (te est group), and % of

egg fertilization tt group, 95.7T% for the

control group) sho ts. These experimental
results have not :ret' '. Tirmed. Morrison and Smith
{1981) observ ertility‘ of female
brook trout ‘""Vf_—‘? 12"' diet enriched with

canthaxanthin fm- two months prior L'J to spawning. Harris
(1984) als g ; ‘ 'fi i ertility between
female ralﬂﬁ ?ﬂeﬂ% Wgﬁﬁi a diet contain-
ing ﬁ a Harris alsc
reporﬁﬁlagﬁim mflc ﬂa’j tly smaller
than those of trout receiving canthaxanthin.

Effect of carotenoid pigment on Decapods maturation
has not been studied; but many studies exist concerning

embryogenesis, of chromoprotein present in harpacticoid egg
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by histochemical methods. Most of the carotencid is deposit-
ed as such in the outter pigmentary layers of the nauplii
eye, which becomes bright red. Some of the pigment does,
however, exist as a blue chromoprotein which is found as

sigmentary layer. This layer

?)tenoid deposition occurs
ﬁ.\uc intestine. In this

gompare the appearance of

the eyves of T. fugétal pudd. o rma.l eggs, reared on a

small cubules in the i
is called the cuboid
before differenti

connection, it is

normal diet with <& [hatehe virtuall:',r carotenoid-
free eggs and rea Ffree diets, (e.g.rabbit
erythro-cytes o c erich:.a coli).In the
first group, the eyg@s iant red, and in the latter

only slightly -"--—-“-- both cases, however, the

e J,tx
optic cuboids rs ‘ blue owing to the
presence of V— ‘Hf' oximately the same

'|
amounts. The prmable reasgon Lor thiis that in the second

group of amount of carotenoids
still preﬂﬁﬁiﬂﬂﬁiﬂﬁﬁ&jalsu in the diet
{e.g. which accumulated
in t.heq Ta@mﬂmﬁﬁeﬂ‘gﬁaﬂﬁcatiun for

assuming that these observations indicate a denovo synthesis
of carotenoids by animal tissue.In lobster eggs, there are
no quantitative changes in the astaxanthin levels during

embryogenesis, or immediately after hatching.
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