RESULTS AND DISCUSSION

CHAPTER IV

Proximate analysis of experimental diets

There were no significant differences of crude protein, crude fat, crude

fiber, moisture and ash in all diets (Table 10). All experimental diets contained

46.9-48.3% of crude protein, 7.6-10.7% of crude lipid, 3.8-4.6% of ash, 3.8-

5.3% of moisture and 10.9-11.9 % of crude fiber.

Table 10. Proximate analysis of the experimental diets. Values are means+S.D.

Diet  %Protein
*

1

~N o o1 BB w

478£1.1
47.810.6
46.9+0.1
48.3+0.4
482404
47.8+14
47.8+04

Y%Fat
76403
8.5+0.3
10.740.8
8.9+0.3
8.5+0.2
8.1+0.4
8.540.1

%Fiber
3.8+0.1
4.3+0.2
3.9+0.3
3.740.7
48+0.9
45+0.2
4.6+0.4

Each diet was analysed triplicately.

Control diet

%Maoisture
4.7+0.9
3.8+0.5
4.4+0.8
4.4+0.3
4.2+0.1
5.3+0.3
4.1+0.2

%Ash
11.3+0.1
114404
10.9+0.2
11.6+0.4
11.9+04
11.940.2
11.9+0.2

%Carbohydrate
75.242.5
75.8+2.0
76.8+2.2
76.9+2.1
77.6+2.0
776425
76.9+1.3

The quality of rearing water was recorded and shown in Table 11. Water

temperature was at 23-30 ¢, with pH range of 7.7-8.0. Ammonium, nitrate and
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nitrite concentrations were at 0-1, 0-25 and 0.05-0.25 ppm, respectively. Salinity

was controlled as constantly at 30 ppt.

Table 11. The quality of rearing water during the experiment.

Week  Temperature ~ nhdé+ no; no? pH Salinity
(Q (ppm) (ppm) (ppm) (ppt)
1 23-26 0-0.5 10 0.05-0.25 1.1 30
2 26-28 0-1 0-25 0.05-0.25  7.7-8.0 30
3 27-30 0-0.5 0-25 0.05-0.25 7.7-8.0 30
4 28-30 0-0.5 0-25 0.05-0.25  7.7-8.0 30

Data shown are ranges or means of each factor.

All parameters in Table 11 are acceptable ranges for rearing aquatic
animal. So growth and survival of postlarvae dependent conclusively on diet.
Furthermore, all diets had the same levels of protein, fat, fiber, moisture and ash
(Table 10). Only levels of -3 HUFAs and ratios of EPA/DHA in experimental

diets were varied accordingly to the protocol (Table 7).

Fatty acid composition in fish oil

Semi-refine oil was composed of 20:5n-3 and 22:6n-3 at 6.5% and
22.7%, respectively, whereas refine tuna oil contained the two respective fatty
acids of 16.8% and 12.3%. In both oil, the total percentage of -3 HUFAS was
about 29% (Table 12).
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Table 12. Fatty acid composition of two fish oil used in this experiment
Fatty acid Semi-refined oil (%)  Refine tuna oil (%)

14:0 5.2 9.3
16:0 25.1 194
16:1 1.3 10.4
18:0 6.0 3.8
18:1 25 3.6
18:2 14 13
18:3 0.5 0.8
20:0 0.4
20:1 0.7 0.9
20:4 L7 1.2
20:5 6.5 16.8
22:6 22.1 12.3
ratio 0.3 14
-3 HUFAs2 202 29.0

EPA/DHA = eicosapentaenoic acid/ docosahexaenoic acid
The total percentage of EPA and DHA in fish oil

Fatty acid composition of the experimental diets

Fatty acid composition of the diets is shown in Table 13. Diets 1-4
contained higher levels of 18:2, 18:1 and 16:0 than the other diets. These diets
contained high level of 18:2, because com oil used in these diets is rich in 18:2
fatty acid. Diets 5-7 contained mainly 16:0, 18:2 and 18:1, respectively. The
levels of 16:0 and 18:0 in all diets were not significantly different (P>0.05). It
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Table 13. Fatty acid composition of the experimental diets for P. monodon (mg/g dry

weight)

Fatty acid Diet no.
1 2 3 4
140 13 15 31 30
160 40 136 196 152
16:1n-7 14 24 43 34
18:0 24 39 5.1 41
18:n-9 77 134 205 141
18:2n-6 36 25 3¥1 231
18:3n-3 16 13 15 13
20:4n-6 0.6 08 1.0 09
205n-3 ! e
22:6n-3 308 6a® 79" ssC
ratio ™ 03 03 05t og”
3HUFAS® st b ™ 6"
En-33 5.6 9.6 133 109
64 22 B3 UL 240
3§ 0.2 04 04 05
at R asdexosisUnivss

EPA/DHA= eicosapentaenoic acid/ docosahexaenoic acid.
The total percentage of EPA and DHA in diet.
Groups of -3 fatty acids are 18:3n-3, 20:5n-3 and 22:6n-3.

28
157
41
45
9.7
108
11
12
33
1012
03
134
144
12,0
12
23.0

Fatty acids in this group ( -6) are 18:2n-6, 20:2n-6 and 20:4n-6.
Saturated fatty acids (sat) include 14:0, 16:0, 18:0, 20:0 and 24:0.

abc,d

3.2
151
45
4.4
8.6
75
11
11
4.9
9.6
05
145
156
8.6
18
22.1

Means ( =3) with different letters in row were significantly different (P<0.05).

4.2
156
54
38
15
8.4
1.0
1.0
6.4
74
0.9
138
14.8
9.4
1.6
23.6
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could be noticed that levels of 18:2, 18:1 and 18:3 in diets 5-7 were less than
those in diets 1-4.

The quantity of - HUFASs in diets 5-7 was more than that in diets 1-4.
Diets 1, 2 and 5 had the same ratio of EPA/DHA (0.3). Diets 3 and 6 had the
EPA/DHA ratio of 0.5, and diets 4 and 7 had the ratio of 1. Saturated fatty acid
content in each diet was not significantly different (P>0.05). It is expected that
these saturated fatty acids would be used by shrimp as an energy source. Dietary
HUFAs appear to enhance the utilization of dietary saturated fatty acids
(Salhi et al., 1994). The digestibilities of saturated fatty acids generally decreased
with increasing chain length up to C18 (Merican and Shim, 1994). Diets 1-4
contained the -6 fatty acid more than diets 5-7 significantly (P<0.05), but diets
5-7 had higher ratio of -/ -6 than diets 1-4 (Table 13).

Effect of fatty acids on growth and survival of, . w onodon

Results of feeding experiment for 30 days in p. monodon are shown in
Table 14. The effect of diet containing various levels of - HUFAs on growth
of p. monodon was significantly different (P< 0.05). The low final weight was
obtained in postlarvae receiving diet 1 and diet 5, and the higher final weight of
postlarvae was found in diet 4, diet 6 and diet 7. The postlarvae that fed the
other diets gave no difference in weight. The weight of postlarvae fed on diet 4,
diet 6 and diet 7 was superior to those fed on diet 1 and diet 5 significantly

(P<0.05).
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Tre wagt of pianee fed an Bodf -3 HFAs was likely to e
inmeesed with tre Inoeesing) raics of BPADHA in tre dds Tre ratio of
BEPADHA ddaning te hgest wagt wes 11 (Fgue 2. B in 18% -
HAs the hges waght was fourd in BRPADHA ratio of 12 At tre se
ratio, tre wadts of podlanvee fed an 1% 15 %of - HFAs donad 1o
sgficat diferaos thouh it taokd to inoesse with an inoeesing aotat of
- HFs ecgdiadly, trerdio 1.3 the wagt of podlanvee was chaeesad
whenfed des ootaning highanout of - HFEAs

In this eqainet, P. monodon gevwal n036df - HIFAs de
1(cotrd def) with lovaotet of - HFAs The podianee wae rgated to
ke dde to uilise body HFs for soneines to suitLie for deay HIRs
(Saec e d, 1998). Fx ths reeam the parcat suvivdl of postianee fed an
03 of - Hswesagdasstre fed nhde aatatsof - HFA
It vas fourd thet it anly tre quartiieive - HUAAs tret aodd inpoe
gonth bt dso dher fediors ath astreratio of BRPATHA

Trediedsof - HF s dday adraio BPADHA an suwva wae
nat sgficantty different anog trestirats (Tade 19,
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Fatty acid oftotal lipids from the whole body of P. monodon

Tre inluace of dday fatty adcs an the fatty aod copoation of o,
norydar ad pdar lipds of sinp isseis Somnin Tades 15 16 ad 17,
respecively. Fatty adds of tad lipds induding 182, 160 181 ad 26 wee
nan avpoats in posianee et fed andets 14 (Tade 15, Rdlanee 'ed
N des 57 ariared nainy 160 26 181, 180 ad 5 Hwea
artats of faty aods 160 18Q 181, 183 01, 202 ad 24 wee i
sgnficantly dfferart in al peaianee (Tade 15, Rdllavee fed an deis 14
hed e 182 ad 181 tren ttose fed an ddis 57 signiicantly (RO, Tre
ouartity of n6faty aacsin al  podlanvee wes nat differert. But treratio of
-3n6 faty aad in the podlanvee fed des 14 was less tren those fed andets
57.

Tre -3faty aics wee rgooted o e s for te bosrthess of
lape den AR o inopade in tsse Waess -6 faty aads wae
uilized es eayy suce (Sadier ad Jsgh 19/0. In this eqainet, te
levds of 183 ad sudad faty adcs in al ptianee tisse wee amia.
Mreog, teledsof 26 -3HHs adEr3in dnnpied dg 6waete
hged, whie tresefatty aod leds wae tre lonest in Srinpfed det 1

Tre ptandl surated fatty add leves befoe ad dier eqainerd
feeriy vere it sigificartly difieert (PQ0H.  Hve, tre faty aid
arsion of e initial prtanee hed noe 181 tren trose fed an dess 1, 2
3ad5 hitit es sinler 161 artert o e fed n dets 4 adl 7 (Tede 15,



Table 15. Fatty acid composition of total lipids from the whole body of P. monodon

postlarvae fed the experiment diets (mg/g diy weight)
Diet

Fatty acid

14:0
16:0
16:In-7
18:0
18:In-9
18:2n-6
18:3n-3
20:0
20:In-9
20:2n-6
20:4n-6
20:5n-3
22:6n-3
ratio

-3HUFAS?2
Sn-33
Sn-64

-3 n-6

Isatd

Postlarvae was analysed fatty acid before feeding experiment. ; ND= not detected

Initial
0.3
5.7
0.9
2.9
53
17
4.1
0.2
0.3

3.7
ND
ND
3.7e
78
17
4.6
9.1

1
0.2
75
0.2
2.6
5.4
10.7
03
0.1
03
0.3
1.0
1.6d
3.2e
0.5e
4.8e
5.1
120
0.4
10.5

2
0.4
9.7
0.6
29
5.1
8.8
0.3
0.3
0.3
0.3
12
e
45%
0.58*
7.1b
74
103
0.7
133

3
0.4
10.7
0.6
3.2
6.2
9.4
0.3
0.3
0.4
0.4
13
26%
45%
0.59*
7.1b
74
111
0.7
14.2

no.

4
05
94
0.7
3.2
5.6
8.8
03
03
0.4
04
11
29%
40%
0.72¢
6.9
7.2
103
0.7
138

LEPA/DHA= eicosapentaenoic acid/ docosahexaenoic acid.

The total percentage of EPA and DHA in diet.

3Groups of -3 fatty acids are 18:3n-3, 20:5n-3 and 22:6n-3.

Fatty acids in this group (n-6) are 18:2n-6, 20:2n-6 and 20:4n-6.
Saturated fatty acids (sat) include 14:0, 16:0, 18:0, 20:0 and 24:0.
¥ c'd Means ( =3) with different letters in row were significantly different (P<0.05).

5
04
8.5
0.6
31
37
46
0.4
0.3
0.3
0.4
14
2.4e
49%
0.5
73%
77
6.4
12
123

6
0.6
8.4
12
3.2
41
49
0.4
0.4
0.4
04
13
3.0%
5.4
06%
8.4
8.8
6.6
13
126

0.6
7.0
10
3.1
3.9
41
0.3
0.3
0.3
0.2
12
33%
46
0.7*
79
8.2
5.5
15
11.0
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Tre inid ptianee hed less 161 then poslanvee fed ndet 6 Tre inttial
pdlanee hed higer 20513 then those fed an Al dets Sigrficantly (RO,
becaLee e inttial poslanee ware fed with Artemia - thet hed large amourt of
205 -3 Trereslis wae Siiler o tre sudy of o Leaty ad IVithens (1990)
tret fed the postianvee with Skeletonema costatum, Chaetoceros sp. aataning
lowleds of 2613 adhidh leds of 0513

Tre inid posianee ae rich in paintic aad ad -3 faty aods
o in -6 usauaed faty aacs  These cHainydly thet the faity adds of tre
lindenic famlly are, patgs essatid for P. monodon like p. japonicus (Quay,
KayaraadMurdaem, 197,

Fatty acid of polar lipids from the whole body of s m onodaon

Fatty aad aonpostion of pdar lipd (Tede 16 wes dnodt asthe se
asthet of noydar lipd ad tad lipd. Bt pdar lipds hkes moe -3 HUAAs
then nonydax lipd (Tede 17, This eqeaimat Soned tret delary 20513
ad 2613 wee pafaartidly acoumdaed in pdar lipd. It agesd well with
the regpat in fish, dinaugh fish fed deis et aatained o yydareid -3
HUs (Ladnamad Galin I, 1998, Rrogddipds aetre ngar of pdar
lipd ad they ae do te man srudud aonpoat of odl nenbares ad
aared farrdion of tee nentiaes is reessay in ader et e odlis nay
fundion effedively a8 canoregUlaion rgracldion, nuinert assmiaion ad
trargoat (OLeaty ad Vithens 1990 Badagen ad Batez, 1999, Tre -3
H_Fs hes tenkoan to e inpartart in IMing, ard podtlanvee mat casane



Table 16. Fatty acid composition of polar lipids from the whole body 0f p. monodon
postlarvae fed the experimental diets (mg/g dry weight)

Fatty acid Diet no.
1 2 3 4 5 6 7

140 02 01 0l 0ol 01 01 02
16:0 23 23 18 22 16 22 2
16:In-7 02 02 01 02 02 02 04
18:0 08 08 07 08 06 08 07
18:/n-9 15 13 11 12 08 11 09
18:20-6 28 21 17 21 12 13 1
18:3-3 : 01 01 0L 0l ol
20:0 01 0L 01 ol 0l 0l ol
20:In-9 01 02 0l o0l 02 ol ol
20:2n-6 01 0l 01 o0l 0l ol
20:3n-6 : : ; 09 01
20:4n-6 02 03 02 03 03 03 02
20:5n-3 04b  06° 052  07a 057 06 067
22:6n-3 07¢c 10 08 u®  10™ ., 07%
ratio 0.6 061" 064 064 052 054kc  0.7la

3HUFAs2 11 16 13 18 15 18 13
In-33 11 17 1419 16 19 13
In-64 31 25 20 34 17 17T 13
n-3/n-6 04 07 07 06 09 1l 10
Isat 34 33 21 34 24 34 31

EPA/DHA= eicosapentaenoic acid/ docosahexaenoic acid.

The total percentage of EPA and DHA in diet.

Groups of -3 fatty acids are 18:3n-3, 20:5n-3 and 22:6n-3.

Fatty acids in this group ( -6) are 18:2n-6, 20:2n-6, 20:3n-6 and 20:4n-6.
Saturated fatty acids (sat) include 14:0, 16:0, 18:0, 20:0 and 24:0.

abgc,d
Means ( =3) with different letters in row were significantly different (P<0.05).
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tte -3H A in par lid (Kowen, Kissl ard Terder, 1969)

Koen € d. (1999 fourd thet the BFA index (tre ratio of 181 9 -3
H_Fs in pdar lipid fradion) wes aiterion BFA in ranine goades less tren ],
indcating et it hes ackgte -3 HUFAs in pdar lipd of ssseam Inthis
eqainet, tte BFA i was noe tren 1any in det 1, indcaing et e -
3Hs reuramat saudd ke inecegeied for nond gonth Bt framtre
realts Svinps dd nat Sowvary 998 of laddng those fatty adds i.e, goarg
donly ad havirg lov sunivel e It might e thet postianvee coud Lee dher
faty aacs in sed of -3HAs a et te QH %oof -3 HIFs nay ke
atkoLeed for gonth of P. monodon podlanvee Thus, the BRA inokex nay it
ke gdied for this equainet like in Coregonas lavaretus maraena (Thagad &

d, 19

Al te eqainetd peiavee dd i hae sgficat diferace of
180 axtats (Tdde 16. Moeoa, podlavee fed andes 14 hed noe 181
ad 182 trentroe fed andes 57 (Tdde 16. In dher had tre 161 aotart
of postianee feading deis 4 ves less tentriose fed andds 57

Fatty acid of non-plar lipids from the whole body ofs m ocnodon

Fatty aod copostion of noydar lipd (Tekde 17) wes neatly as tre
sne & et of pdar lipd ad o lipd Bt noyoder lipd hes less -3
H_MAs tren pdar ipd Moo, tre raio of BPATCHA in nonyder lipd
wes i sgificanty dferert anog treainets (P00). Rdtlanee



Table 17. Fatty acid composition of non-polar lipids from the whole body of

P. monodon PoStlarvae fed the experimental diets (mg/g dry weight)

fatty acid diet no.
1 2 3 4 5 6 7

14:0 - 01 0.1 0.1 0.1 0.2 0.1
16:0 08 13 1.0 13 1.0 12 12
16:In-7 - 0.2 0.1 0.2 0.1 0.2 0.2
18:0 05 05 0.4 05 0.4 05 0.4
18:In-9 0.7 11 0.9 1.0 0.6 0.7 0.6
18:2n-6 14 17 14 1.6 1.0 0.9 07
18:3n-3 - 0.1 0.1 01 0.1 0.1
20:0 - 01 01 01 . trace 0.1
20:In-9 - 0.1 - 0.1 : 0.1
20:2n-6 - - trace 01 - trace
20:3n-6 - 0.1 - - 0.1
20:4n-6 02 0.2 0.1 0.1 0.2 0.2 0.1
20:5n-3 01 0.2 0.2 03 0.2 03 0.3
22:6n-3 0.2 03 0.3 0.4 05 05 05
ratio 0.56 0.49 0.69 0.85 043 0.52 0.70

-3 HUFAs 03 05 05 0.7 0.7 08 08
Zn-33 0.3 0.6 0.6 08 08 0.9 08

-6* 1.6 2.0 15 18 1.3 11 08
30 6 02 03 0.4 0.4 0.6 08 1

Isat5 13 2.0 16 2.0 15 1.9 18

EPA/DHA= eicosapentaenoic acid/ docosahexaenoic acid.

The total percentage of EPA and DHA in diet.

Groups of -3 fatty acids are 18:3n-3, 20:5n-3 and 22:6n-3.

Fatty acids in this group (n-6) are 18:2n-6, 20:2n-6, 20:3n-6 and 20:4n-6.
Saturated fatty acids (sat) include 14:0, 16:0, 18:0, 20:0 and 24.0.

Means ( =3) with different letters in row were significantly different (P<0.05).
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naranad tre ratio of BPACHA aly in pdar lipd et is inpatart in
mnbaes

Honewd, in pdar ad noyder lipics, telonest - HUFAs faud in
podlanee fed nde 1 Moo, in ths eqainet, it wes fourd tret te
leds of - HUFAs adterdio of BPA DHA in dl the postianee refleded
teledsof - HU-s adraio of BPADHA N fedg det. But postlanee
redgaadyhdeledsof - HF s tentredet

Result of osmotic stress ofe . m onodon

Alter temirdling tre fesding equainats p. monodon podlenee wae
ddlegad to aandic ok Thae wae nalkad diferaoss in the dallity of tre
podtianee to aunvive fram candic dress anog e sendds Aumdaine
oty irckex (GM1) ves aretyzed by prolat arelyas (550,

Medan awmdative matdity (QVE) of podlanee in eadh tredinat is
domnin Tade 18 It wes faud thet podlanvee fed an det 5 cae dowv
norality, waess toe fed andet 7 ded gaeahige natay.

Hieds of - HJAs adraio of BPADHA in dds an resdae to
cadic dress of p. monodon  poslianee ae domnin Fgue . A 16 -
HAs the ressane of podianee et fed an deis aataning an inoeesig
ratio of BPADHA dd it ilmessewith treraia. Futhanore, e resdace of



Tade 18 QVibof prdtianee fed eadn det
dd AvEB(mn)
1 e SR LACS
2 0131554
3 PHHIG
4 85H.3T
) 1B 7H72>
6 8%BH.AT
7 P

CM%0is the time when shrimp of each group has 50 « mortality after

osmotic stress.

Means ( =3) with different letters in column are significantly different

(P<0.05).

podlanee fed an deis aotaning an inoeeaing) ratio of BPADHA deoessd &

130 3HHHs

When te resdane of peaianee et fed an 03 1% 180 -3
HUFAs ves copared] it ves at differart & p>00b (Agperdx Q. It mght e
tet te -3 H s difedt posliand cadiic dress noe in egtly dages (LS
A5 tren in later dages (P15, Ad AL-20 wes usd &6 an eqainentd
aind, v tre leds of -3 HFs dd it inpoe cadic ressae of
pdlanvee Whether this rdfieds dages in shinp lipd neiadismar in tren
CETORQLETY Hysdagy rears an qEn gesion (Reeet &, 1999,



CM5(min)

035 15

% N-3HUFAS

ratio 1:3 m ratio 1.2 miratio 1:1

Houre 3 Bfedt of -3HUFAs ad BPAIDHA ratio in det anresdaeto
caniic dress of P. monodon postianee
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Honed, te ratio of BPACHA aoud inpove resdanee of podtianee
By aonpaing the resdanee of podlanvee (AVA), it wes fourd tret Sinps fed
dds artaning the ratio of BPADHA 12 11 hed higer cendiic resdae
thoee with the raio of BPADHA 13 Ths nedaiam udklying ths
paedive dfedt of ratio of BPADHA an aardic ressane in drinpis it
koan  Bythragtes of rats fed HOFAYIAh aod ver all adieed ahiger
resdaee o hyoosdic ok andfed which prdoddy resited franahgne
inoapaaionof - HFAs indl nenbaes (Red ay 199

Qxsching te gonth ad the cadic resdane of posianee (Fgure
4), it wes fourd thet the gonth of peetiaae thet fed an dets aotainng an
inreeaing raio of EPACHA & 06 - HUAAs tedd o ineese, [t e
canic resdae dd mat inmeese. Whaess the candiic ressane of toe
taressdat 190 - HAs

In umay, dthough e cardic resdane of podlanee fed an 15%0
- HUFAs with the ratio of BPADHA & 12 wes nodeded the gonth vas
the hgest Sda axtang 15% - HFs with e ralio of BPADHA &
12 wes qlitede for improding gonth
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