CHAPTER III

RESULTS

Experiment I : Effect of astaxanthin and canthaxanthin on

coloration of juvenile pre

owh

The grow ncrease of juvenile P.

monodon fed with different concentra-
cnntaining different

\\\‘\ hown in Figure 3. The
L

significantly different

tions of astaxagt
concentrations of gts
growth rate of the
from the grnup of ‘:eér';g et& containing astaxanthin

X '*’T?; There was no significant
and canthaxanthin. Ne ﬂ%uﬁ? . £

Lyith either astaxan-
Y , ;
EHe” analysis of covari-
T
i¥

difference with3
thin or canthas

ance is shown i ‘Appendix 15

ﬂutﬂbg z]}tte]dnhat dEJ:]Il’]tained from the
e TR Y £131 N

All pr#wns in the second replication acci ntallr died at

week 3 after a failure of air supply.
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Figure 3 Growth ﬁf P. monodon fed with the diets containing different
concentrations of astaxanthin and the diets conlaining

different concentrations of canthaxanthin.
A = Astaxanthin B = Canthaxanthin

Hiassamaa
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Survival, FCR, and Individual Moulting Rate

Survival, FCR and individual moulting rate of the
juvenile pP. monodon fed with diets containing different

concentrations of astaxanthin and canthaxanthin were shown

showed no significant

difference among thegllt a in each of these three

parameters

The anal ival, FCR and moult-
ing rates of the 2 imeT drolups we somewhat the same,
though the averag de shoied tha®, the treatment with 100

T
The resu * of the visual obseriation on tha prawn

coloration yﬁi ym‘mﬁiﬁ he experimental
diets was sﬁt ﬂ ange in coloura-
tion ' m ble in the
groups @ ra§ mﬁmﬁqug Piﬁfjastaxanthin

and 200 ppm canthaxanthin. During the two months feeding
trial, the colour hues of the prawns fed with the diets

augmented with the two kinds of carotenoids gradually
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Table 6 Ranking order

ae

based on visual assessment of the prawn’s

pigmentation after 2 months of feeding the diets containing

different concentration of astaxant

hin and canthaxanthin.

Raw prawns

Boiled prawns

Treatments Ranking Order
control 1 b
25 ppm. Ast 2 ig
25 ppm. Ast 2 ght
50 ppm. Ast by
50 ppm. Ast BrE
75 ppm. Asi 3 ) -
75 ppm. Ast Arile )
100 ppm. Ast 4 #‘g’
100 ppam. Ast 4 L ,
50 ppan Canth 1 Sl
50 ppa Canth 2 gh
100 ppm Canth ' 1
100 ppam Canth
150 ppm Canth

50 ppm Canth E

00 ppn Canth 3 ¢ dark v

Ranking Order

Colour

HHNMN“N&%NWNMHMH

00 ppa ““t’hﬂ Ue9 E}.ﬂﬁw 1Nn%9

yellowish orange
redish orange
redish orange
redish orange
red orange

red orange

red orange
bright red orange
bright red orange
redish orange
redish orange
redish orange

red orange

red orange

red orange

red orange
bright red orange

A AINTNURIINYIAE
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changed from blue to light violet, dark violet, and grayish
brown. The degree of pigmentation was intensified with the
increasing concentration of astaxanthin and canthaxanthin in
the diets. The changing colour pattern of the astaxanthin

groups and the canthaxanth groups were considered to be

comparable. The group .o ‘ied a control diet did not

show any change ~ _LThey maintained the blue

colour throughou al period.

The co prawns varied from

yellowish oran ge depending on the
awns when boiled usually

turned yellowish irker prawns turned more

red. Further stud pigment deposited in
prawns of this st dy==e ain their colour efficacy
for a long pe} Tt e —---—-~-‘-‘v~;- orown prawns, after

Gright red color when
i :

ﬂ‘lJEl’J‘VIEWI‘ﬁWEI']ﬂ‘i

Mm n the Prawns

9 Hﬂrﬁﬂﬁ IUNIAIANDIA e

(TCA), total astaxanthin (TAC) ,free astaxanthin (FAC), and

two months Df ﬂ
boiled.

total astaxanthin ester (TAEC) concentrations in the whole

prawn during the two months of feeding trial were shown in

Tables 7-8.



Table T Total carotesoid (TCA), tokal ; \ “ , A0}, free astaxanthin (FAC ) and total astaxanthin ester
(TACE) contenmts of Lhe whole pra /{ed with varioss levels of astaxanthin.

Treatment TCA im mpikg

N
e = |~
"'\.

Start |1 lmlthl Z moaths ﬂ”{gb\{\\ﬁ 1 Month |2 Months| Start |1 Moath |2 Moaths

- \ ‘\
Conkrol 1 22.70 [15.97 | 12.00 - 2, 1y R 6.82 | 10.22 | 220 | 3.7
£6.18 |13.30 £1.36 | 419 [10.92 21,78
Contorl 2 21.03 | - 5 §.00 - =
$3.53 $1.8
25 ppm Ast. | 21.87 |22.22 15.69 | 8.11 |[5.37 B.02

£4.88 |41.60 £1.30 143.25 [#1.21 #1.81

50 ppm Ast. | 21.87 [24.22 | 26.95 | d9cld | 22.47 14,80 9.11 | 5.67 8.75

+4.88 |42.80 ﬂq}u&}c ‘ﬂ@ isﬂﬂﬂﬂ% $2.49 | #3.25 [s0.84 | s2.21
R P 1D [ R Dl o

100 ppa Ast. | 21.87 |20.10 | 36.57 13.04 | 29.58 33.92 | 9.37 |14.92 18.73 9.11 | 14.67 15.18
$4.88 [46.79 | #5.24 +4.65 | #5.97 30T | #2.37 [24.09 $2.28 | #3.25 | #2.84 $2.51

oy




Table 8 Total carobeaoid 1TCAD,

{TACE],

total astaxasthin (TAC),
conteats of Lthe whole prawn (Pesaees

free astacasthin (FAC) and total asbaxanthin ester

d with varioms levels of canthaxanibin.

Treateent TCA in mg/ke I%\\\ in wglke TACE in wg/kg

start| 1 soath| 2 month® ii ’\ \‘% Hoath{2 Montbs|Start |1 Momth| 2 Moaths
| ; ‘\ A

Control 1 22.70{ 15.97 | 12.00 ' 3. ~, .82 |i0.22 | 3.200 | 3.17
46.18] +#3.30 | #3.58 { N8 141,20 |#1.36  |e4.19 [20.92 | +1.78

Contorl 2 o3| - - - - B.oo | - =
£3.53 +1.8

50 ppm Cantha. |21.87) 15.23 | 18. Wz | 1010 | o1 | 762 | 600
14.88) s2.22 | 23, e300 | 4159 |s3.25 | s2.35 | sn01

100 ppm Canthba.|21.87] 21.67 ;J ? 14.97 | 9.11 | 8.03 | 12.50
+4.88] $2.55 : 14 | 32,49 [12.25 |23.08 | #5.70

150 ppe Cantha.|21.87 Q.ﬁ’z]a : ‘mn "JM ﬂ’] ﬂa&} 9.11 | 9.08 | 7.52
seo8| sz | saor | wees [eees | ss.oe | pew le2ous | szoes Linss lisor | e

200 ppa Cantha.|21.87| 29.13 | 37.88 | 19.04 |27.67 3271 9.97 |47 | 1436 | 9.1 | 12.20 | 18.85
HLBB| HLAT | AT.06 | 4465 [WLU4 | 45.61 (8237 4181|4456 |43.25 [45.45 | 3.2

84
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The general examination of data revealed that total
carotenoids (TCA) concentrations in the group of prawns fed
a control diet decreased with time while those in the group
of prawns the diets containing astaxanthin increased with

time. The rate of increase was highest in the group fed 100

he group fed 75 ppm. The

,énthin showed a slight

ppm astaxanthin, follow

The group . ie .  u: i taining canthaxan-
thin showed a sim opnbut\ wibh ‘@ slight a difference
at the lower conce sftyincrease was highest
in the group fed 2 . The groups fed 100
ppm and 150 ppm | ;;T;{; showed an intermediate
increase while the | ppm canthaxanthin only

slight increase®igure 5).

i

U

The cnvarlance analysla confirmed the significant

difference ﬂ:ﬂ”ﬂﬂﬁ%ﬁwwqmtes of these

treatment groWps [ﬂppendlx‘gl

every treatment group approximately BD % of total
carotenoid was astaxanthin. The total astaxanthin (TAC) also
showed a similar deposition pattern as the total carote-
noids. TAC was comprised of two forms, i.e. free astaxanthin

(FAC) and astaxanthin esters (TAEC). According to the data
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Content In ppm
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F]EU e 4 Total carotenoid contents in the whole prawn (Penzeus monodon)

fed with various levels of astaxanthin.
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fed with various levels of canthaxan
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shown in Tables 7 and 8, the two forms of astaxanthin
constituted a similar proportion, approximately ﬁd % each.
MNevertheless the rate of deposition of those two forms not
the same. The deposition rate of FAC was seemed to be faster

and higher than TACE.

Carotenoid Content

During the the nine diets were

sampled at start, for the analysis of

actual content ®©Ff ~gdrgtenbidsd in\ the feed pellets. The

\

results revealed ths staxant it the four concentrations

were close to the hon a liavait he concentrations did
fadabanis

-

not decrease with time'n in -c¢ ast, canthaxanthin at the

LA ,
four concentratdipn T AL B awegr than the nominal

values and the | Gone T 2d /with time (Figure

6). I

Efficiency ﬂs“ As

AN AR AN F ..o

between astaxanthin and canthaxanthin was made by calcula-
tion. The result revealed that the realistic ratio between
astaxanthin and canthaxanthin efficiency should be 1:1.85

instead of 1:2 Table 9.
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Table 9  Comparison of astaxanthin and cantaxanthin treatment efficiency.

Calculation based on total carotenoid content (TCA) in Lhe prawns

and in the feeds.l

_ ‘conten worelical | Analysed Realistic
Treatment ioh ¢ A feed Ast:Can.Eff.
Ul content ratio
). ratio
25 ppm Ast.:50 ppm Canth. e 4 1.98 1 : 2.81
#Id'-l
50 ppm Ast.:100 ppm Canth. I (- 1.35 I .t 1,18
|75 pem st.:150 ppu canth #| £ 19077 2.62 1.47 12" A8
100 ppm Ast.:200 ppa Canth. = : 1.92 1.52 1t 1,47
eI
Total 6.92 $ . T80
Average 1.58 1 : 1.85
13 YNTNYT ‘i
Y

RN TAUNIINGIAE
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Water Quality

Water quality during the feeding trial is shown in
‘Table 10. These water quality parameters were in the optimal

ranges for the nursery of g ] tiger prawns.

AULINENINYINT
AN TUAMINYIAE



Table 10 Water quality of the re

Sl for the feeding trial i Experiment 1.

Tank D.0. NE, X N0_-N 0N
(ppm) ing/1) (ng/1} ing/1)
Bio-filter 7.0 - £.0 0.0-1.0 | 0.0-1.1]0.0-20
Experimental
tanks 6.9 - 1"1 mn ﬂﬁ%{l-ﬁ*ﬂi 0.0 - 1.0 | 0.0 - 1.0

ammnmumwmaa

6F
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Experiment II : Effects of astaxanthin on ovarian maturity

and spawning of giant tiger prawns

Ovarian Maturity

The results on ovarian maturity of giant tiger

in added diet and 100 ppm

; H;“*n Table 11. The percentage
wmaturity] of these two

treatments sus'-.,' s fed with astaxanthin

added diet becamgfzsf¥id mére f tlr than another group

prawns fed with non-aat

astaxanthin added di

fed with non-astdxahihin-—adde ‘”#‘\\ The eyestalk ablated

prawns could becogie /g s;fu‘k-_ i \t ¥ higher than the no-
ablated groups. ated prawn in the group
fed astaxanthin adg ;\ ecome gravid (stage IV),

while none in the "non-astaxanthin diet became

gravid.

‘;:ZZTZZZ__________’___—jEi
a

The elapsed time between the ‘eve-stalk ablation and

N1\ 7104 (1) o) 33014l I
tf“ﬂ‘ﬁj‘ﬁ@ﬂﬁﬁmﬁﬁwmﬁﬂ“‘“m

firs

Spawning

The results on the spawning of the two treatment

groups are shown in Table 12. Similar to the ovarian



Table 11  Ovarian maturity of giant Liger prawns fed with two maturation diets 51
(Non-astaxanthin added diet and astaxanthin added diet) during the
B0 days experiment.

Maturation Eye-stalk Stage IV ovarian maturity Elapsed time (days) B
diets condition
No.of gravid | Percent gravid |Average | Minimum |Maximum
females fenale
Mon-astaxanbhin| Ablaled
added diet female ° i
A ———
1 - . , 14.3" 5 38
, 2.5 3 5
7 2 z 2
Non ablat ﬁ 3
A
fen v |
1 ~ 0 1] 0
Astaxanthin | ablated =
IR
added diel female ‘ =
24.6" 7 43
: “1 12.2" 2 23
3 m ] 5.6 m 8 3 9
ﬂ 4 ‘ﬁ 1 u‘wsgl,]r %ﬁ 15 15
%bn ablated
: ¢ o o/
ARNAINIUNURIINYA[Y ., |,
9 2 1 2.5 8 8 B
3 1 2.5 12 12 12
’ i 1 2.5 16 16 16

A. Numbers are the consecutive gravids (stage IV).

B. Time in days after the eye stalk ablation and the consecutive
gravids.
Signilicant differences (P{0.05) of the average elapsed Lime are
indicated by different letlers i.e. a and b within the column.
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maturity results, eye-stalk ablated prawns pfﬂduced more
spawners than the non-ablated prawns. Besides the prawns fed
astaxanthin diet produced more spawning successes than the

prawns fed non-astaxanthin added diet.

The elapsed he eye-stalk ablation and

the first spawning eatment groups did not
differ significas more, the elapsed time
for the other re shorter than those

of the first sp

Results on :-_“'iw ; @ quality are summarized
in Table 13. It shoul:hnr—""{ hat although the experimen-
tal design wai 1____;;;i;_;;;________:;‘stical analysis for

factorial destdn 58/ because one of the

il "

A1 ki)l g1 RS
”“"‘ﬂ‘ﬁ’mﬁ'ﬂ*‘i‘fﬂ“ifﬁﬁ’m&l’la d

The general observation on the results shown in

ed with non-astaxan-

Table 13 revealed that the highest egg production was
obtained in the treatments feeding astaxanthin added diets.
The eyestalk ablated prawns produced higher egg production

than the non-eyestalk ablated prawns.



Table 12 Spawning success of giamt t'iger pravns fed with two maturation diets

(Non astaxanthin added diet and astaxanthin added diet) during Lhe

80 days experiment.

53

paturation Eye-stalk Spawning Elapsed Lime (days) B
diets condition
' No.of spawners Average | Minimum | Maxioum
Non-astaxanthin
added diet
16.3" B 40
7.0" 3 14
3.0 3 3
0 0 0
Astaxanthin
added diet
25.2> | .8 45
13.2" I 24
6.3 4 10
16.0 16 16
ANEgNININEDS
QUtenale
a é’ 30 30
Q‘VP&N ‘iﬂJﬂJm Nyl Fl 5

A.
B.

Numbers are the consecutive spawnings.

Time in days after Lhe eye stalk ablation and the conseculive

spawning.

Significant differences (P€0.05) of the average elapsed Lime are
indicated by different letters i.e. a and b within the column.
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Table 13. Egg quantity and quality of the giant tiger prawns fed with
the two types of maturation diet.

Egg quantity Non-astaxanthin added diet Astaxanthin added diet
. ]
and quality Non ab ' Ablated Non ablated| Ablated
) ' ale Female female
Total egg —
production 4,3 250,000 6,725,000
Ave. no. of eggs
per female 8,065 216,936"
Ave. no. of eggs
per spawner , 250,000 448,333
Eggs dimeter (mm) ‘,_" +0.0068" |0.28+0.0097"|0.28+0.0078"
(DAY
Ave. % fertility= ' 1.2 40.1
]ﬂ ‘ - {(0-77.8)
Ave. % hatching ratef & - | O/ 25.8 35.2 20.0
A1 ANYYIREATT - (0-45.1)
U
_ ¢ o .7,
e OIRTRINIUNRIINNEY | =
from to ’ 0-16%7 (0-38.8)
protozoea stage

Note : Significant differences (P<0.01) are indicated by different
letters, i.e. a and b.
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The average number of eggs per female of the
eyestalk ablated groups were significantly higher than the
non-eyestalk ablated group (P<0.05). Besides the eggs per
females of the group fed astaxanthin added diet did not

differ significantly from the group fed non-astaxanthin

added diet.

The avera wSpawned per spawner of

the rest three differ significantly

(P<0.05). The averaged at 419,259

eggs. The amoun , ; \ \ \ the consecutive spawn-
ings did not dif ‘ni .4 05).

The diamet Pa ity - ed from astaxanthin
T AT L - o -
treatments was 31gni£l},¥H? r (P<0.05) than the non

astaxanthin hygatments,

[ Y]

e
M
The eggs qu&lltY in terms of eggs fertility (ferti-

lized eggaﬂ ﬂﬂ{a%ﬂmﬁﬂmﬂﬁs rate (from egg

to protozodd stage) vaa;ed greatly The averﬂge percent

er QWA T SRR 0 29 e eroesen

groups 9did not differ significantly (P>0.05). Hevertheleas,
egg quality of this study was seemed to be better than the

previous studies. The consequence mat be due to the improved

maturation diets.
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Moulti

The moulting pattern of female prawns in the four
treatment groups are shown in Table 14. The first moulting

after eyestalk ablation took slightly shorter time than the

The ana . f— e Arian alerevealed that the

oups fed astaxanthin added |

|
pulation, was signifi-

mortality rat
diet, regardl

cantly lower than non-astaxanthin added diet

(Figure 7). ite of females was slightly

higher than that ] It was also found

! d e the mortality rate

females lFig‘ge 9),

that astaxanthin added

b |
in the eyesta 1Lah1ate.

ﬂ‘LJEl’J‘VlEJ‘VIﬁWEﬂﬂ‘i

carotenoid¥ in Hepatopagcreas angd Ovaries. o,

ARIANN 3N lIWTJVIEﬂﬂH

The results of the analyses of the total carotenoids
and total astaxanthin and its duivatives in hepatopancreas
and ovaries of giant tiger prawns fed the two maturation

diets are shown in Table 15.



Table 14 Average elapsed Lime between consecutive moltings of giant tiger prawms.

87

Sequential noltings

Non-astaxan
thin added
diet

Haturation Eye-stalk
diet condition
Astaxanthin| Non-eyestalk

added diet ablated

eyestalk

3 '] 5

1?-9 + 51"" 18-? + 719‘5 b
+ 7.72 |13.1 + 4.10 |16.2 + 4.086

D+ 5.24 - -

15.1 + B.13 | 3.0 + 0.00 -

AULINENINYINg
ARIANTAUNIINGIAE
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CUMULATIVE PERCENT MORTALITY
S 8 8 8 8 3

—
=

ﬂumw‘ﬁ“ﬁﬁﬁﬁﬁ%

Figure 7 culﬁ!nt1ve percent qprtality 0 g:ant tlgar awns fed the

RIQERIN dmcmmaa

-astax
0 = Astaxanthin added diet.



CUMULATIVE PERCENT MORTALITY
T - ) -
3!

[
e

o
ﬂum%ﬁfﬁﬁ ﬁ“ﬁh
wmmﬂwwmwmﬁm

Qrawns.
# = Fenale
0 = HMale
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CUMULATIVE PERCENT MORTALITY
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3 & & 8

—t
A

OROLA

DAYS AFTER START

-y

AUBINYNINYINT

Figure 9 cunu1ht1ve percent nortallty of female giant Liger prawns fed

manipulation.

TR ndy

Non ablated females fed non-astaxanthin added diet.

diet.

Ablated females fed astaxanthin added diet.
Non ablated females fed astaxanthin added diet.



Table 15 Total carotenoids (TCA),total astaxanthin (TAC),free astaxanthin (FAC)

61

and astaxanthin esters (TACE) in hepatopancreas and ovaries of P. sonodon

fed the two maturation diets.

Trealpenls Day Stage of Hepalopancreas Ovaries
after |ovaries
ablation TCA | TAC | Fac | TAcE | TcA | Tac | Fac | TAcE
sg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg |mg/kg | mg/kg
Initial 0 1 49| 0.30 | o 1.01 | 0.70 [ 0.40
(before 0 1 4 0.10 | 0 3.24 | 2.70 | 0.60
feeding) 0 1 40 440,90 | 0 2.82 | 1.10 | 1.70
0 | 74| o 2.44 | 1.10 | 1.30
Average 1 “0s51 | 0.00 | 2.38 | 1.40 | 1.00
Non astaxan-| 8 2 = .80 | 5.30 | 2.10. | 1.80 | 1.20
thin added | 12 N\ '-,\ 1490 | 0.00 | 1.50 | 0.50 | 1.00
diet 9 W \ 50 | 13.50 [10.80 | 9.70 | 1.10
12 W 4Y fﬂ 106 [} 4.40 | 12.60 | 9.53 | 8.60 [ 1.00
1 3 34.68 1483 .20 [111.90 | 20.40 [16.67 | 1.20 | 15.50
22 3 6cBi-) 302.2 .83 | 28.60 | 22.60 [10.58 | 4.20 | 6.40
18 4 (5967 3 7.30 | 45.40 [31.71 |31.60 | o0.10
12 /| 34.30 [27.01 |26.80 | 0.20
18 : 58 | 54.40 [44.13 [39.47 | 0.60
Average 3-4 1 95. A2 | 3866 | 31.62 [23.27 |18.65 | 3.97
L=

Astaxanthin ﬂ EJJ” WE ‘V]&ﬁl’w:ﬁ 1ﬂﬁ o |os [o03 | 0.8
added diet gl T 978 2659 Tele ] 0.t %z |6 |55 | 1
| ﬁlj 8 ; 8,2 | 1"‘2:"{t 48 | 74 | 0.1
QRN NEAINIIUEN T " | o
W o 3 M8 |364.96 | 29.5 [335.5 | 31.8 |3.84 |23.6 | 0.3
17 3 97.7 | 75.13 | 14.7 | 60.4 | 31.9 [4.368 [24.1 | 0.3
21 3 |525.8 |[436.65 | 22.4 [414.2 | B3.1 [8.74 0 | 52.3
14 ¢  |173.5 [150.98 | 9.1 |141.9 | 16.6 [9.39 8 | 1
20 + |55 [620.77 | 20.4 | 590 41 [31.4 [31.0 | 0.4
9 4 78.8 | 60.66 | 9.7 [s51.2 | 7.5 [e.15 | 1.2 | 2.98
Average 3-4 344.55 | 284.89] 19.30 |265.53 | 35.32 |25.31 |[14.65 | 9.61
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At the initial period (before feeding the two
maturation diets) the level of total carotenoids (TCA) and
total astaxanthin (TAC) in hepatopancreas were quite low.
However, when the two maturation diets commenced and extend-

ed the level of TCA and TAC the hepatopancreas showed the

increase (Figure 10).wThe with astaxanthin added

diet shown remarkab --.-.'-',‘; : 7 TAC than the control
// \ ~

would be deposited i ¢ i creas before distribut-

s to other orsll Adde »\\\\\ |
A\

The concentra lonAa ol Statal arotencids as well as

This circumstance

group (non-astaxi

suggested that asts he body of the prawn

the total astaxanthin -“ A g were relatively lower than
those in hepatopan atiwons of TCA and TAC
significantly e t,—f__“'_"_'” ._.‘L feeding the two
|l

diets (Figure ll}m Nevertheless e ovary samples collected

during the feedingfwere in t.hal-ﬂavel):\] i stages (stage 2-

0. mence, it e ilmJ VLA BELLELR so wreaoren ve
both nutrltlonal and ologicalesf ﬁﬂ carotenoid
cuntent‘%maﬁtﬂzﬂ ﬁ ﬁﬂﬁl ﬂlgnificﬂmt
difference like in the hepatopancreas.

As regards the different forms of astaxanthin, it

was found that a large portion ( >98 %) of astaxanthin in



Figure 10 Total carot

initial, and

the astaxanthi od &
x,‘,
DA
s "':J;
‘alﬂh . ~
ST
a0
20 e
S
G
10 : y
Y o
Q YT i

7in hepatopancreas at

anthin added diet and

B ot 0 Gontrol 53100 ppm Astaxanthin

Figure 11 Total carotenoids and total astaxanthin in ovaries at initial,

added diet and the

and after feeding bthe non-astaxanthin

astaxanthin added diet.
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hapatopancreas was the esterified forms. Besides the Eroup
fed astaxanthin added diet showed significantly higher
astaxanthin esters than the control group (Figure 12). In
contrast, higher portion of astaxanthin in the ovaries was

the free astaxanthin (Figure 13). This circumstance suggest-—

ed that the ovaries much lower saturation point

of carotenoids than "B Lo onereas and carotencids in

ovaries was not | ) le ..~qh;;:1; hepatopancreas.

Water Quality

Water qua \\anks in this study are

\

summarized in Tabl e \quality parameters were

seemed to be in the “:” me nges throughout the whole

period of the experimem

#%L JtJ.'

Nutritional Valdes of ti e
| ilﬂ
J, : il
Nutritianil values of‘Bhe diets used in this study
=

were shownﬂqu‘&mﬁ PedEShT153-78 %) and crude

fat (11, ?Sx,lnf maturatiqn diet w ere ralatl ¥ higher than

wwmﬂmw'}wfaﬂa fde ash and

malstu content of maturation diet were slightly lower when

compared with the commercial diet.



Figure 12

Figure 13
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FAT) @ \ staliastaxanthin esters (TACE)
..” ol B -

g ‘\ \\3\\ d after feeding the

LA

: i\;\e astaxanthin added diet.

Free A3
in hepal®

non-asta:;an

B nival (00 control 251100 ppm Ast

Free astaxanthin (FAC) and total astaxanthin esters (TACE)
in ovaries at initial, after feeding the non-astaxanthin

added diet and the astaxanthin added diet.



mﬂtm.tﬁ nan- H‘-] mt-" ma’]
(ppm) [mgi1) (ngt1) (mg/1)
Non-astaxanthin  |6.16 + 0.88 0.03 + 0.02 |0.24610.566]0.0028 & 0.0037
added diet (44 - 8.0 |(7.0 8.4 (0.0 - 0.7) |10.01-1.51 | t0 - 0.009)
Astaxanthin added (6.08 + 0.8 | 8.36 + p.4 | 28.15 & 1.54 [31.21 4 1.86 | 0.112 5 0.13)0.29 ¢ 0.51| 1.39 4 2.68
diet (4.1 -T.2) ﬂﬂﬂ%’ i) QI]:H%} WE*(]] frﬁ - 1.481 | 10 - 7.5 |i0.0004-0.0011)
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Table 17 Proximale analysis of artificial diets used in Experiment 1 (coloration)
and Experiment 2 (Maluration diets).

Diet types Hoisture Crude Crude fat Crude fiber Ash

content protei

Experiment 1

Coloration diels|7.61 tlo. (] 3.48 + 0.04 [16.91 t 0.07

Experiment 2 , ‘f‘

Haturation diets R

Trial 1 6.42 + 0.86fl51.78% .87 & 0.00 |3.29 & 0.02 |17.25 # 0.45

4‘.-:-:'
Trial 2 6.41 £ 0.83 |50:88°2 0.50 [3.30 + 0.01 |17.24 & 0.39
Commercial diet |9.T71 %)0.5 0.3 18.24 & 0.37

13.52 4 0.38
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